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Abstract 
  This thesis is focus on the environmental sustainable development of urban 

sustainable development.  

 

  The urban sustainable development is include the economic sustainable 

development, social sustainable development and the environmental sustainable 

development. The social and economic sustainable development is based on protect 

natural resources and the environmental sustainable development.  

  There are lots of factors affect the environmental sustainable development. Urban 

biodiversity, urban heat island effect, city noise, sewage treatment, emissions, etc. 

   

  The main objective of this thesis work is to investigated and measurement the 

environmental sustainable development in Guiyang, Guizhou, China. The result will 

include the pollution level due to the urban biodiversity, the temperature difference for 

inside and outside city due the heat island effect, the noise in the city. 

   analysis the data from the investigated and measurement, give the suggestions for 

the environmental sustainable development. 
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Chapter 1           

INTRODUCTION 
 

1.1Background 

1.1.1 History of Urban Sustainable Development  

  Rio de Janeiro, Brazil, 1992. The United Nations Conference on Environment and 

Development(UNCED) is adopted "Agenda 21". This historic meeting marked 

humanity will make sustainable development as the pursuit of common goals. The 

concept of sustainable urban development is from "The UNCED (1992)"  and 

"Second United Nations Conference on Human Settlements, Habitat II(1996)", (held 

in Istanbul, Turkey), These figure out the relations between  the urban economic 

development,  social, cultural and environment. In 1993, the British Sustainable 

Development Study Group published a report, A comprehensive exposition of the 

concept of sustainable urban development and principles. Put forward using the 

environment planning to natural resources, energy, environmental elements such as 

pollution and waste management into the individual development plan, and put 

forward a series of practical action rule[1]. 

  

 February 1993, The fifth Environment Action Program. The strategy promote the 

conversion of the EU model of economic development according to the sustainable 

development, The strategy emphasizes: 1,the economic and society development 

based on protect natural resources and the environment quality; 2,in order to avoid 

waste and depletion of natural resources. At all stages of processing and using should 

encourage the management mode which is the resources recycling. 3,the behavioral 

trends of citizens within the community should reflect an appreciation that natural 

resources are finite and that one individual's consumption  or use of these resources 

must not be at the expense of another's; and that neither should one generation's 

consumption be at the expense of those following[2]. The United States made four 

themes of sustainable development, the first one is to improve production efficiency; 

2, economic progress, that developing countries needy through economic 

development to reduce poverty, This theme has two meanings: should consider to 

protect the environment during the economic development; should consider adopting 

trade policies, bilateral and multilateral aid policy to promote economic progress in 

developing countries; 3, fairness, equitable sustainable development concepts include: 

Fair use and protection of Earth's resources; fair to assume environmental risks; 

equitable distribution of social conduct. 4, option, that is, through careful choice of 

technology, reduce the global warming, ozone depletion. loss, biodiversity and other 

global environmental issues and development.  
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  In 1994 the British government published a report[3] pointed out: It should be use 

the most sustainable urban form to promote urban growth, The density is an important 

element of sustainable urban form. So compact city series is adopted since that time 

and put it as the develop priority. Subsequently, the UK Department of the 

Environment issued a document "Planning Policy Guidance: Transport" , called 

improve urban density,  promoting the use of sustainable modes of transport, such as 

public transport, cycling and walking, etc. in 1996 the federal government also issued 

a blueprint to guide the development of "Sustainable America: A New Consensus" and 

implement a variety of programs to help cities and communities sustainable 

development and construction[4]. 

 

  1996,  A book Compact City Series: The Compact City: A Sustainable Urban 

Form? is explore the argument  that  the  compact city series is the sustainable 

development form, pointing out it's helpful of sustainable development to develop the 

public transport and keep the surrounding farmland in the compact city[5]. Mike 

Jenks and Rod Burgess also examines and evaluates the merits and defects of compact 

city approaches in the context of developing countries in Africa, Asia and Latin 

America. gives the example of Hong Kong, south Africa etc. Issues of theory, policy 

and practice relating to sustainability of urban form are examined by a wide range of 

international academics and practitioners[6].  

 

   After 1990,  There are many metropolitan area in Europe towards sustainable 

development objectives and to determine the appropriate planning strategies, which 

basically revolves around planning for sustainable development. There are five core 

objectives for these metropolitan area:1.balanced metropolitan spatial structure; 2. 

improve urban quality of life; 3. reservations geographical characteristics, and 

promote the revival of cultural traditions; 4. implementation of integrated 

management, in cooperation within the regional infrastructure networks; 5. create a 

new partnership between the planning process and the implementation process. 

 

  As a development The McKinsey Global Institute has estimated that the urban 

population there will expand from about 600 million in 2008, 926 million in 2025 and 

more than 1 billion in 2030. Such growth makes China become the major battlefield 

of the construction of sustainable cities[7]. The urban sustainable construction in 

China are getting  more and more important.  

 

1.2 Objectives 

  The objectives for this thesis is to know the following data of urban sustainable 

development—environmental development in Guiyang, China. 

1 Urban Biodiversity 

2 Urban Heat Island Effect 
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3 City Noise 

 

1.3 Organization Of The Thesis 

The entire thesis can be classified as follows: 

  Chapter 1 the background. In this paper will focuses on the urban sustainable 

development of environment part. There will have several important aspect. Such as 

the urban biodiversity, heat island effect, sound pollution, etc.  

  Chapter 2 the definition of the urban sustainable, environmental development, 

urban biodiversity, heat island effect and sound pollution 

  Chapter 3 the equipment, method and also some experimentation indexes of the 

experimental 

  Chapter 4 the result data for the urban biodiversity, heat island effect and sound 

pollution in the case study city. 

  Chapter 5 analysis and discussion for the result in chapter 4. 

  Chapter 6 give the conclusion for the result and list the suggestion 
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Chapter 2 URBAN SUSTAINABLE 

DEVELOPMENT THEORY 

 

2.1 Urban sustainable development  

  Urban sustainable development includes environmental, economic, social and other 

aspects. Sustainable development should develop the economic and also achieving 

environmental protection at the same time. Act to preserve the unity of economic, 

environmental and social benefits. The economic and social sustainable development 

are reflected in the environmentally sustainable development. Economic, social and 

environment should all have well coordinated unity. From figure 2.1. In order for the 

urban sustainable development. It must be reasonable to use their own resources, to 

seek a good process, and also focus on the using efficient. not only for the sake of 

contemporary people, but also for the sake of future generations.   

 

Fig. 2.1 Relationship between economic, social, environment development and urban 

sustainable development  

 

  On the environment aspect, the environment is the fundamental for sustainable 

development, a good natural ecosystems, low environmental pollution, good urban 

greening, and also need  improve the system of natural resources can be recycled  

  On the economic aspect, there should be have reasonable industrial structure, 

industrial layout, the appropriate rate of economic growth, and also the ways to save 

resources and energy production, It should have low input, high output, low pollution 

and high efficient operation of the production and control systems.   

  On the social aspect, people need to have a good awareness of environmental 

protection and actively participate in various environmental work and activities. 

Community should promote a way of saving resource and energy consumption. 
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2.2 Environmental sustainable development  

  Environmental issues will increasingly with the urban development. Urban 

environmental awareness not only in the interests of humanity and human objectives, 

but also in harmony with nature and human development as the goal. Sustainability of 

human life on Earth is closely related to the sustainability of the earth life system, 

human activities cannot exceed the carrying capacity of ecosystems. Can't damage the 

natural systems that support the earth life. Once destroyed the material basis of human 

survival, humans will cease to exist. 

  There are a lot of success case of solution to solve the urban environment pollution 

as an example： 

  Singapore is a very good example. The universally recognized "National Garden 

City"  was a very poor living conditions, urban congestion unbearable, where serious 

environmental pollution. 1960 early, Singapore formulated the "overall planning, 

rational distribution, integrated, energy conservation," the environmental and 

economic policies, follow the principles of sustainable development, environmental 

protection is put in a prominent position in the planning,  Government separated  

the industrial area and residents District strictly. Conducive to concentration of 

pollutants treatment. Singapore government has implemented strict environmental 

standards to ensure environmental protection investment, and strengthen the 

enforcement of environmental regulations, actively promote non-polluting and less 

polluting products, promote green lifestyle. People living here now almost completely 

feel environmental pollution. 

 

2.2.1 Urban Biodiversity.  

  Lichen is the species between algae and fungi species. It can growing very well in 

cruel environment. algae provides the "food" for fungi which is called carbonhydrate, 

at the same time fungi affords the external "skeleton" of lichen and shelter for algae. 

Lichens get a specific life strategy, They always growing in the hostile environment. 

they can found in freezing, dry and even the strong breeze winter time, They also can 

growing in directly exposed 80 centigrade degree in sunshine. Lichens are pioneers on 

bare rock, desert sand, cleared soil, dead wood, animal bones, rusty metal and living 

barks. Approximately 18000 species of lichens identified worldwide. They grow very 

slowly, less than a millimeter per year and some Lichens are thought to be among oldest 

living creatures on earth[8].  

There are three basic lichen body types[9]: 

  1. Fruticose lichens grow erect or pendulous in three dimensions and have no 

distinguishable upper and lower surfaces.  

  2. Crustose lichens look somewhat like the name implies. They form a crust over 

their substrates, like rocks, trees, and sidewalks. The lower surface of crustose lichens 
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attaches firmly to many surfaces and forms brightly colored patches of a thick, rough 

naturalized texture.  

  3. Squamulose lichens can be described as intermediate between foliose and 

crustose growth forms. Their shape is scale-like, and they attach by the lower surface 

like tiny shingles. We should note, however, that there are other intermediate types 

that include one or more characteristics of the previously mentioned growth forms.     

 

  In addition, algae are mostly found on rocks and stems, but they cannot get enough 

nutrition from the substrate, on account of this , they are depending on the rainwater 

soaking instead. 

   

2.2.2 Urban Heat Island Effect 

  The urban heat island effect is the phenomenon which the temperature in the city 

are significantly higher than the outskirts. With the rapid development of city 

construction, urban heat island effect is becoming more and more obvious. 

The causes for the formation of urban heat island effect:  

  1.First of all is affected by city ground surface. There are lots of man-made 

structures, such as concrete, asphalt road, etc. These structures absorbs heat very fast 

with a low specific heat capacity. The temperature of these surface will be heating up 

faster than the natural land surface(grassland, water surface, etc) if it's in the same 

solar radiation conditions. 

  2. A lot of heat will release due to the factory production, transportation and also 

the human activities, etc. 

  3. With the development of urbanization. The Population, urban construction, roads 

are increasing very fast., the natural environment, green space, water are reducing. 

The ability of heat island effect is weakened. 

  4.Air pollution is also a big problem. Motor vehicles, industrial production, human 

activity produced a large amount of nitrogen oxides, carbon dioxide and dust 

emissions.  All of these will create the greenhouse effect and heats up the 

atmosphere. 

 

According to Japanese researchers[10], nearly 100 years, the annual average 

temperature of earth has risen 0.7 degrees and the metropolitan average temperature 

has risen of 2 ~ 3 degrees. 

 

2.2.3 City Noise 

  Noise pollution getting worse in the city, noise control has become important in 

urban sustainable development. Noise pollution mainly comes from transportation, 
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horns, industrial noise, construction noise, society such as loudspeakers, morning 

market and so on 
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Chapter 3                  

METHOD 

 

3.1 Urban Biodiversity  

3.1.1 Equipments 

Tranparent OH-fils with 50 rings 

Mobile phone with compass 

Measuring tape 

Pen and paper 

3.2.2 Steps of experiment 

  1. Find four direction places around the city and the also the centre of city 

  2. Investigate the places to see if they are suitable in reality as well 

  3. On the places which have chosen, select 20 more or less fully grown 

deciduous(leaf) trees. use trees which do have dark bark with a lot of fissures- do not 

use trees that have white, pale/light or smooth bark 

  4. On each selected tree, measure the coverage (in percent) of lichen by the aid of 

the OH film, each film has 50 rings, count the number of rings in which there is a 

lichen and double it to get the coverage in percent. For instance if there are lichens 

under two of the rings the coverage will be 4%. make measurements on the north 

facing side of the tree and also south facing side. make on with the OH sheet starting 

at 1.5 meter from the ground. 

  By using this method it will the most simply pollution levels according to the lichen 

present 

 

Tab.3.1 Average coverage at different pollution levels[11] 

Average coverage(%) Pollution level  

0 Serious (level 1) 

0,1 - 25.0 Moderate (level 2) 

25,1 - 35,0 Low (level 3) 

35,0 or higher No pollution (level 4) 

3.2 Heat Island Effect 

  There will be a result to compare inside and outside of the city. Get the data from 
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Meteorological Administration in Guiyang. Check the temperature and relative 

humidity inside and outside the city, the data should include three places in Guiyang, 

Which is north, south, and also the city center. The selection date is from the 1th of 

march,2013, eight o'clock in the morning to the 2th of march, 2013, eight o'clock in 

the morning. Totally 24 hours. The Data records for every hour per each place. 

  As a reference, weather forecasted the temperature of 2013.03.01 is 3-15℃, light 

rain, wind direction is north east. The temperature in 2013.03.02 is 2-5℃[12].  
 

3.3 City Noise 

3.3.1 Equipment 

  AR824 Noise Sound Level Meter Tester DB Smart Sensor(The specification shows 

in APPENDIX A)  

  Stopwatches 

  Pen and paper 

3.3.2 Investigated places and time 

  1. Roads with a lot of traffic. Measuring time: 2013.04.05 1:00pm (three points in different 

these kind of road) 

  2. Roads with less traffic. Measure time: 2013.04.05 2:00 p.m. (three points in different 

these kind of road) 

  3. Normally residential area. Measuring time: 2013.04.05 3:30 p.m(three different these kind 

of area) 

 

3.3.3 Steps of experiment 

  Installing the battery of SMART AR824. Open SMATR AR824. Correction the sensitivity of 

SMART AR824. Cover the upper hand, The frequency weighting chose “A”，time weighting 

selection chose “Fast”. 

  The measurement within 5 minutes (every 30 seconds to read a data), totally 10 data in each 

place 

  The Sensor height is 1.2 m above the ground. 

. 

3.3.4 Unit for the sounds 

  The unit for the sounds are: dB Decibel − units used to measure sound pressure 
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levels on a logarithmic scale., dB(A) A-weighted decibel  − a measure of sound 

levels as experienced by humans, calculated using a spectral  sensitivity factor 

(A-filter) that weights sound pressure levels by frequency to correspond to the 

sensitivity of the human ear[13]. The TYPICAL SOUND LEVEL EXAMPLES shows 

in APPENDIX B[14].  

According to the people's hearing feeling, here is the level of decibels volume[15]:  

Tab. 3.2 Decibel level  

0 — 20 dB Very quiet, almost can't feel 

20 — 40 dB Quiet, like whispers 

40 — 60 dB Common indoor conversation; 

60 — 70 dB Noise and damage to nerves 

70 — 90 dB Loud, damaged to nerve cells 

90 — 100 dB Very loudly, hearing-impaired 

100 — 120 dB Unbearable 
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CHAPTER 4                               

Result                          

Case study of Guiyang, China 

 

4.1 General Information of Guiyang 

  Guiyang is one of the most important center in southwest China. It is the capital of 

Guizhou Province, China. The longitude is 106°27′～107°03′，latitude is 26°

11′～26°55′ . The highest elevation is 1762 meters, the lowest is 506 meters. 

The average elevation of the city is 1070 meters. Topography of Guiyang is Karst. The 

urban area is 495 Square Kilometer. The city population is more than four million. 

The climate in the city is mild and humid subtropical climate. 

  The average temperature for whole year is 15.3℃. The lowest temperature in the 

winter is -7.3℃. The highest temperature in the summer is 35 ℃. Guiyang is a forest 

city. There are lots of mountains and rivers around the city. The average relative is 

78%. The average rainfall is 1129.5 mm per year, The average days of thunder days is 

49.1 days per year. 

  In recent years Guiyang refused lots of the investment  projects which with high 

energy consumption, heavy pollution, low efficiency of investment projects, involving 

the amount is over 30 billion yuan. Because of people protection forest belt around 

the city very well during a long time, So the urban vegetation protection becomes the 

best of the world as a karst region center city. Green coverage of 7055.88 hectares. 

The ambient air quality days reached 349 days per year, the rate of good air quality in 

95.62%[16]. This is a beautiful city, the nurture is just around the human life. 
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Fig. 4.1 Location of Guiyang, Guizhou, China Source: Google map 

 

4.2 Investigated areas and points 

  Five investigated points are marked totally. There are the north part, south part, east 

part, west part and also the center of the city. Shows in figure 4.2. 

 

Fig.4.2 Investigated areas and points for case study Source: Google map 

 

  The lichen coverage can reflect the pollution in the measurement area. So in order 

to get the pollution level in Guiyang, Measurement in different direction inside the 
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city is necessary. All of the investigated points(north, south, east, west and center) are 

chosen. 

  In order to get the urban heat island effect. It's necessary to compare the 

temperature inside and outside of the city. Three investigated points(north, south and 

center) are chosen. 

 

4.3 Urban biodiversity  

   Use the method 3.1. Five places are chosen as the Fig. 4.2. The lichen count 

numbers(number/50 rings) in different direction. (The data details show in Appendix 

C1)The red line is the north side of tree and the blue line is the south side of the tree. 

The x axis is the number of the trees, y axis is the number of the lichen per 50 point.  

 

Fig. 4.3 The lichen number of 20 trees in North(Baiyun) 

  As an example, figure 4.3, The south side of the first tree, There are 8 rings within 

lichen. So the lichen number is eight of the fifty, and the coverage is eight times two. 

So the coverage of south side of this first tree is 16%. 

 

 

 

Fig. 4.4  The lichen number of 20 trees in West(Yeyaxiang) 
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Fig. 4.5 The lichen number of 20 trees in South (Huaxi) 

 

 

Fig. 4.6 The lichen number of 20 trees in east (Senlin) 

  

 

 

Fig.4.7 The lichen number of 20 trees in city center 

 

  Using the Computing Methods and also according to Table 3.1. The average lichen 
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coverage and the pollution level in these five places:  

Tab. 4.1  Average lichen coverage and the pollution level in investigated places 

 North West South East City 

Center 

South side 18.57 43.07 78.20 68.99 78.2 

North side 18.40 44.44 85.38 60.63 85.38 

Total average 

coverage % 

18.50 43.76 81.79 64.81 81.80 

Pollution level level 2 level 4 level 4 level 4 Level 4 

   

4.4 Heat island effect  

 Use the method 3.2. From the Meteorological Administration, get the following data:    

  Surface temperature---once an hour during these 24 hours for three investigated 

places. 

  Relative humidity--- once an hour during these 24 hours for three investigated 

places. 

  Considering the temperature will be a big difference in the daytime and nighttime. 

The analysis time is divided into two parts. The first part is from 8:00 to 18:00, the 

second part is from 18:00 to 08:00 next day. 

  Record the maximum temperature, minimum temperature and average temperature 

for these two analysis time. See table 4.2. 

Tab. 4.2 The temperature result for investigated points   

Investigated time Investigated points 

 

Temperature ℃ 

  Maximum Minimum Average 

 

8:00 am--18:00 pm 

North 13.1 7.8 11.1 

Center 18.1 13.3 15.5 

South 16.7 11.3 13.3 

18:00 pm--08:00 am 

(next day) 

North 8.3 0 2.3 

Center 13.5 5.5 8.3 

South 11.9 3.7 5.9 

  The highest temperature appears in the city center between 08:00—18:00, which is 

18.1℃. The lowest temperature appears between 18:00—08:00(next day) which is 0℃ 

in the north part of the city. 
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 The temperature difference between center, south and north investigated place show 

in table 4.3 

Tab. 4.3 Temperature difference between city center and other investigated places. 

 

Investigated time 

 

Compare area 

The average 

temperature℃difference 

between city center and 

other investigated place 

8:00 am--18:00 pm North 4.4 

South 2.2 

18:00 pm--08:00 am 

(next day) 

North 6.0 

South 2.4 

 

   According to the average temperatures for daytime and at night, the average 

temperature in different places for whole day(08:00 am, 2013.03.01 to 08:00 am 

2013.03.02) shows in table 4.4: 

Tab. 4.4 The average temperature in different places for whole day 

Investigated time Average temperature℃ 

08:00 am —08:00 

am(next day) 

North 6.7 

Center 11.9 

South 9.6 

 

  The average temperature difference between city center and other investigated 

places for whole day(08:00 am, 2013.03.01 to 08:00 am 2013.03.02) see table 4.5. 

 

Tab.4.5 Average temperature difference between city center and other investigated 

places for whole day 

 

Investigated time 

Average temperature ℃ 

difference between city center 

and other investigated places 

08:00 am —08:00 

am(next day) 

North 5.2 

South 2.3 
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  Average relative humidity(%) during the whole day is 80% at the north investigated 

point, 76%  in the city center and 74% in the south investigated point. 

 

Fig.4.8 Average relative humidity(%) in three investigated points 

4.5 City noise 

 Following method 3.3.  

  1. Roads with a lot of traffic. A,B,C are three points in different these kind of road 

  2. Roads with less traffic. D,E,F are three points in different these kind of road  

  3. Normally residential area. G,H,I are three points in different these kind of area 

 There are nine places as the measurement places. Each of the place have ten data have been 

recorded(Appendix D). The average noise decibel for the roads with a lot of traffic is 78.27 

dB, The average noise decibel for the roads with less traffic is 63.93 dB, The average noise 

decibel for normally residential area is 53.76 dB. Figure 4.9. 

 

 

Fig.4.9 Average data of noise(dB) in different places 
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Chapter 5                      

Analysis and Discussion 

 

5.1 Urban biodiversity  

  Lichens are sensitive to sulphur dioxide because their efficient absorption systems 

result in rapid accumulation of sulphur when exposed to high levels of sulphur 

dioxide pollution. The algal partner seems to be most affected by the sulphur dioxide; 

chlorophyll is destroyed and photosynthesis is inhibited. Lichens also absorb sulphur 

dioxide dissolved in water[17]. Some of the lichens can found on pavement, walls 

because these kind of lichens can accept very high levels of pollution. 

 

  From the result, the total average coverage of Guiyang is 58.13%. The pollution 

level in this city is level 4—No pollution. So it seems Guiyang is a very clean city. 

Most part of the city are very clean, The result shows north(Baiyun) side of the city 

have some pollution problems. The air quality is very pool.  After the investigation, 

the pollution due to the industry factories around this area are much more than the 

other places. Another reason is because it's repairing a lots of roads around these area 

during this year.  

   

5.2 Urban Heat Island Effect 

  See table 4.2. From 8:am to 18:00, the temperature (maximum, minimum and 

average temperature ) in the center are higher than it both North side and South side. 

From 18:00 pm to 08:00 am(next day) is also the same solution. So city center is the 

place with the highest temperature all the time. 

  In order to know the difference of urban heat island effect during daytime and at 

night. Compare the data for the daytime and at night in table 4.3. The average 

temperature different at night are bigger than it during the daytime. So it show the 

urban heat island effect at night is more obvious than it's during daytime. 

  From table and table 4.4 and table 4.5. During the investigated date. The average 

temperature for the north side is 6.7℃, south side is 9.6℃ and the city center is 

11.9℃. the total average temperature difference of the investigated places is 5.2℃ 

between north side and city center, 2.3℃ between south side and city center. This 

shows the temperature inside the city are always higher than it outside of the city. 

Temperature between south and city center with a small difference which is around 

1℃—3℃, and the temperature difference between north and city center is around 

4℃—6℃.                        

  According to investigation, temperature in north is much more lower than the other    
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place is because the north area of this city with a high elevation.      

  In fact, to measurement the urban heat island effect, all the investigated place 

should be in the same elevation. It's hard to getting the same elevation between north 

area and city center due to the geography. The temperature difference will inaccuracy 

as the reference to consider the urban heat island effect. But the data still shows the 

urban heat effect is obvious. The temperature in the city center always higher than the 

outside area. 

 

5.3 City Noise 

  In order to prevent noise, A Chinese famous acoustician Ma Dayou has 

summarized all kinds of noise hazards and standard in different countries and put 

forward three Suggestions[15]: 

  1. In order to protect people's hearing and healthy, the noise of the allowable values 

is in 75 ~ 90 db. 

  2. To guarantee talking and communication , environmental noise allowable value 

is in 25 to 50 decibels. 

  3. For sleep time suggested the value in 35 ~ 50 decibels. 

 

  From table 4.9. The average noise decibel for the roads with a lot of traffic is 78.27 

dB, The average noise decibel for the roads with less traffic is 63.93 dB, The average 

noise decibel for normally residential area is 53.76 dB.  

  The traffic noise is in the range which can accept for the human being. But the 

noise in the residential area is a litter big higher, especially in the sleeping time. These 

will harmful to nerve system. Reduce the noise in the city are necessary. 

 

  The environmental sustainable development is very important for the urban 

sustainable development. In this paper, the analysis and experimental data can 

reaction the urban biodiversity, urban heat island effect and city noise problem. But 

all of the data just as the reference and cannot as a representative data . It's necessary 

to set up more observation point for long-term observation to fully grasp the urban 

biodiversity, urban heat island effect and city noise in this city.  
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Chapter 6                               

CONCLUSION AND SUGGEST 
 

6.1 Conclusions   

  As sustainable city, A good air quality is very important. The lichen coverage of 

Guiyang is pretty good. The pollution in this city is controlled. Due to the feature of 

lichens, It becomes the index of environment quality, used as environmental 

indicators or bio-indicators. For example, if it's a industrial area and have a very series 

pollution problem, the lichens present will very low even around zero. If it's 

somewhere with the clean air, a lot of trees, rivers, the lichens will become very 

abundant, the lichens present will higher than the others. As the development in 

industrial, there are some new environment problems influence lichens due to human 

impacts on air and rainwater quality, for example, precipitation of toxic and acid, 

human pollutants like    ,     from fossil fuels and traffic, metals like zinc and 

poisoned water. For these kind of pollutants, they will decline lichens density. It's an 

important indicator shows the balanced ecological system. It's also an important 

indicator for the environmental sustainable. 

 

 The urban heat island effect has become a serious problem of this city. After the 

investigation, the reason to increase the urban heat island effect increase due to the 

population in the city is larger than outsider, The city center is in the lowlands with 

low wind speed, etc. And the industrial production, human's daily life, the burning of 

fossil fuels in vehicles will produce sulfur oxides, nitrogen oxides, carbon oxide, 

hydrocarbons and other atmospheric pollutants and all of them will gathered in the 

center of the heat island area. It will endangering people's health and even lives. Here 

have a vicious cycle, the electricity consumption will increasing due to the increasing 

population. Urban heat island is increased due to the electric energy transformed into 

heat. On the other hand, electricity consumption is increasing due to the temperature 

increased, then the heat island effect will increase again. Research shows that , The 

energy use is increased by 2%—4% to cool the demand which temperature rise per 1 

degree in the summer.[18] Urban heat island effect not only waste the energy 

resources, But also increase the temperature and endangering people's health. All of 

these are unfavorable for the sustainable development.  

  The noise in this city due to the construction sites, traffic, restaurant, entertainment, 

markets, etc. The noise will affect human mood. 

6.2 Suggestion  

  As the world's most populous developing country, China is in the fast developing 

period of economy. The environment and ecological problems brought by economic 
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development are very serious. to implement sustainable development strategy is very 

significant. The urban sustainable construction is stimulate the economic and social 

development. therefore, how to enhance the urban construction and environmental 

management capacity to achieve sustainable development of cities become a very 

important and urgent practical problems. Here is some suggestion for Guiyang's 

environmental sustainable development. 

 

Protect the forest around the town 

  To return the grain plots to forestry, forest ecosystems and combating 

desertification. And intensify efforts to restore the ecosystem for the quarrying places. 

 

Purify atmospheric environment 

  Refitted the bus and taxi to use gas as fuel instead of oil, and enhances the quality 

of fuel. It actively develops the clean energy to reduce the vehicle exhaust emissions. 

    Increase the pollution prevention ability of the enterprise, such as smoke and 

dust removal equipment, sewage treatment equipment, etc. Change the backward 

equipment of the factories. 

 

Alleviates the urban population 

  Scientifically planning satellite cities to reduce the population in the city. 

 

Road construction and traffic control 

  A good traffic control will reduce the noise and air pollution.  
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APPENDIX 

 Appendix A 

 

Specification of AR824 Noise Sound Level Meter Tester DB Smart Sensor 
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Appendix B 

 

Specific Noise Levels for Common Noise (dBA) 
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Appendix C 

 

Data for the Urban biodiversity part —lichen coverage 

Baiyun(Nouth) YeYaxiang(West)
Tree No. South 1.5m North 1.5m Tree   No. South 1.5m North 1.5m

1 8 15 1 20 31
2 10 11 2 22 30
3 10 12 3 18 29
4 9 15 4 23 25
5 11 18 5 20 28
6 9 10 6 18 23
7 7 11 7 23 20
8 11 10 8 33 32
9 10 9 9 24 29
10 11 10 10 22 28
11 9 8 11 21 30
12 11 7 12 20 30
13 9 10 13 24 29
14 12 14 14 18 21
15 9 16 15 17 23
16 8 10 16 24 20
17 7 9 17 21 27
18 7 9 18 19 25
19 10 10 19 20 20
20 11 10 20 25 21

9.28421053 9.17894737 21.53684211 22.22105263
coverage% 18.57 18.36 coverage % 43.07 44.44
Total average coverage % Total average coverage %

18.47% 43.76%
Level： Level 2   Moderate   Level： Level 4   No pollution  
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Hua Xi （South） Sen Lin（East）
Tree No. South 1.5mNorth 1.5m Tree No. South 1.5mNorth 1.5m

1 40 45 1 38 34
2 43 45 2 35 32
3 39 47 3 32 32
4 37 41 4 30 30
5 42 43 5 33 34
6 36 39 6 35 31
7 37 42 7 37 35
8 35 39 8 34 30
9 40 45 9 33 31
10 41 47 10 38 37
11 39 43 11 30 32
12 44 44 12 32 31
13 41 41 13 33 30
14 39 38 14 34 29
15 35 42 15 34 30
16 40 43 16 37 31
17 37 39 17 38 32
18 42 45 18 37 31
19 39 44 19 32 30
20 39 47 20 33 31

39.1 42.68947 34.49474 30.31579
coverage% 78.2 85.38 coverage% 68.99 60.63
Total average coverage % Total average coverage %

81.79% 64.81%
Level：Level 4 No pollution  Level： Level 4   No pollution  
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City Center
Tree No. South 1.5m North 1.5m

1 40 45
2 43 45
3 39 47
4 37 41
5 42 43
6 36 39
7 37 42
8 35 39
9 40 45

10 41 47
11 39 43
12 44 44
13 41 41
14 39 38
15 35 42
16 40 43
17 37 39
18 42 45
19 39 44
20 39 47

39.1 42.6894737
coverage% 78.2 85.38
Total average coverage %

81.80%
Level： Level 4   No pollution     
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Appendix D 

 
Data of noise decibel for nine investigated place.  
 

 

Noise(dB)-Roads with a lot of traffic Noise(dB)-Roads with less traffic

A B C D E F

1 78.85 81.54 83.45 1 70.91 61.25 50.25

2 83.59 73.25 82.14 2 62.33 69.81 57.31

3 84.12 74.22 78.14 3 58.15 51.33 58.47

4 85.33 72.88 80.32 4 50.12 59.41 63.24

5 83.57 81.21 68.17 5 51.75 62.81 69.38

6 80.85 83.54 70.33 6 68.45 63.45 70.71

7 73.12 86.33 79.91 7 70.33 68.11 73.81

8 68.34 73.45 78.34 8 61.18 70.31 69.48

9 70.98 75.21 80.21 9 63.88 73.12 65.22

10 82.13 77.45 77.22 10 67.81 68.21 67.24

Average 79.09 77.91 77.82 Average 62.49 64.78 64.51

                                             Total average noise decibel for this type                                             Total average noise decibel for this type

78.27 dB 63.93 dB

Noise(dB)-  Normally residential area

G H I

1 55.81 49.21 54.34

2 48.25 47.12 53.22

3 47.33 51.33 49.99

4 57.23 52.18 53.18

5 60.45 59.48 56.77

6 61.32 60.31 55.28

7 58.12 59.21 58.32

8 54.11 57.11 48.33

9 50.21 54.12 44.98

10 51.28 55.11 49.21

Average 54.41 54.52 52.36

                                             Total average noise decibel for this type

53.76 dB

 


