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Summary	

The development of urbanization and industrialization has improved the comfort level 

and the quality of human’s life effectively. But at the same time, it also caused many 

global environment problems, such as air pollution, greenhouse effect and urban heat 

island (UHI).  The environment cannot keep the balance because of lots of industrial 

activities, anthropogenic heat and building surface effect. Almost 3 billion people, who 

are living in cities, have to face this situation, and the quantity is still increasing. 

The authors use literature research methodology, case study, comparative study and 

trend analysis study while writing. 

UHI have a harmful effect (such like photochemical smog and increasing energy use) 

on urban ecological environment, daily life and health. As the product of urbanization 

and industrialization, UHI has become one of the most important climate issues. 

Urban green space is helpful to reduce urban heat islands. London has a better urban 

green space system to face UHI and Hong Kong still has a long way to improve the 

green environment for reduce UHI. This article consider that roof greening is a 

suitable method to help Hong Kong gets rid of urban heat islands. 

And the lighting and population could indicate the level of urbanization, also can 

reflect the effect of urban heat islands preliminary. Over-capitalized lighting will 

exacerbate urban heat islands. 
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1. Introduction	

1.1 Background	

Urban construction is the strongest human intervention on natural environment. It will 

make the biggest changes on natural environment, and these changes would be almost 

irreversible. The population and city area are growing with the development of 

urbanization. 

An urban heat islands (UHI) phoneme means the temperature in a metropolitan area is 

significantly warmer than its surrounding rural areas. It was investigated and 

described firstly by Luke Howard in the 1810s, although he was not the one who 

names this phenomenon.1 2  

1.2 Reasons	

There are several reasons to cause urban heat islands. The major reasons are human 

activities and heat storage of artificial constructions which come from solar radiation. 

At first, UHI effect is mainly caused by the solar radiation. There are a lot of artificial 

constructions such as concrete, asphalt and various building surfaces etc in the city. 

The artificial constructions can change the thermodynamic properties of underlying 

surface. The altered underlying surface could absorb heat quicker and has a lower heat 

capacity. Under the identical conditions of solar radiation, artificial constructions 

warming faster than the green area, water and so on. Therefore, the surface 

temperature of artificial constructions is higher than natural significantly. The tall 

buildings within many urban areas provide multiple surfaces for the reflection and 

absorption of sunlight, increasing the efficiency with which urban areas are heated. 

Another major influence is from artificial heat source. Factory production, motor 

vehicles and the live of residents will emission a lot of heat and produce nitrous 

oxides, carbon dioxide and dust in quantity. They could cause the atmospheric 

pollution, these substances would absorb heat radiation of underlying surface, cause 

the greenhouse effect, thereby warming the atmosphere. Besides, the decrease of 

greenbelt, forest and water is also a reason. Along with the development of 

                                                 
1 Luke Howard, The climate of London, deduced from Meteorological observations, made at different places in the 
neighborhood of the metropolis, 2 vol., London, 1818-20 

2 Wikipedia, http://en.wikipedia.org/wiki/Urban_heat_island#cite_note-0, 2012-08-15 
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urbanization and population growth, the buildings, squares and roads etc. in city are 

decreases massively, the ability of reduce heating island effect will be weaken. Urban 

heat islands have detrimental effects on urban living environment and becomes more 

and more obviously. 

1.3 Study	Cases	

The study of United Kingdom Meteorological Office (UKMO) shows that in the 

summer at the end of this century, the temperature will be 10℃ higher than 

surrounding suburbs in the cities of UK. Because of the global warming, people have 

to use the high-energy-consuming equipments to keep cool inside. 

On account of the complicated building material exerted great influence on the standard 

temperature in city, particular those artificial materials which have the complicated 

spectral characters3. By learning more about urban heat island, the buildings and the 

green area have been found as the most important factors that due to urban heat island. 

London is located at 51°30’N, 0°07’W4, is one of the four world-class cities.5 As an 

international metropolis, London has more than 8 million populations.6 The total area 

of London is about 1570km2, and the population density is about 5000 people per 

square kilometer. 

Hong Kong is located between 22°08' N to 22°35'N and 113°49'E to 114°31'E, which 

is a megacity in the Pearl River Delta region. With high-density populations and 

high-rise buildings, the effect of urban heat islands is obvious.7 

                                                 
3 W.Y. Liu, A.D. Gong, J. Zhou and W.F. zhan, Investigation on Relationships between Urban Building Materials 
and Land Surface Temperature through a Multi-resource Remote Sensing Approach, Remote sensing information, 
2011. TP79. 116-0046-08 

4 GeoHack, 
http://toolserver.org/~geohack/geohack.php?language=zh&pagename=%E4%BC%A6%E6%95%A6&params=51
_30_25_N_0_07_39_W_type:city, 2012-08-17 

5 Loughborough University, The World According to GaWC 2008, Globalization and World Cities Study Group and 
Network (GaWC), 2009-05-15 

6 Office for National Statistics, 
http://www.ons.gov.uk/ons/rel/mro/news-release/census-result-shows-increase-in-population-of-london-as-it-tops-
8-million/censuslondonnr0712.html, 2012-08-15 

7 Hong Kong survey and mapping office, http://www.landsd.gov.hk/mapping/en/publications/map.htm, 
2012-07-19 
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The total land area of Hong Kong is only 1104.41km2, but its population is about 7 

million, there are more than 6000 people per square kilometer.8 9 The commercial 

and economic activities in Hong Kong are frequent, and there are many high-rise 

building in the city. There is no doubt that the local climate of Hong Kong is impacted 

by urbanization. 

1.4 Purpose	

In this project, the author mainly discussed the influence by the reflection, radiation and 

absorption from the building surface, aim to analysis the extent of the influence to UHI 

from five factors. The factors include height to floor ratio(HA), kinds of hard surface 

materials, building surface radiation, reflection and absorption. And in the parts of 

green area, the authors aim to prove that the green area is beneficial to control the 

urban heat islands, and during analysis present situations of green area in London and 

Hong Kong, a suitable suggestion will be provide by authors to help Hong Kong gets 

rid of urban heat islands. At last, the article try to find out the correlation between 

lighting, population and the level of urban heat islands. 

2. Methods	

For this thesis, the main literature and other resources are searched by online library. 

2.1 Literature	Research	Methodology	

Depending on literature research, the authors get knowledge on the case and current 

situation of urban heat islands. It is very helpful and useful to get a preliminary and 

deeper knowledge of the framework. 

2.2 Case	Study	

This article chooses London, Hong Kong and some other cities to analyze the impact 

from building surface, green space and lighting. 

2.3 Comparative	Study	

Compare various situations in different cities to analyze urban heat islands, summarize 

strengths and weaknesses parts to develop and improve. 

                                                 
8 Hong Kong census and Statistics Department, 2011 population census-summary results, 2011, p7 

9 Hong Kong survey and mapping office, http://www.landsd.gov.hk/mapping/en/publications/map.htm, 2012-7-19 
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2.4 Trend	Analysis	Study	

According to the current situation of urban heat islands, this article proposes 

development tendency for the future. 

3. Results	and	Discussion	

This article attempts to be divided into three parts to analyze urban heat islands, they 

are building surface, green space and lighting. 

3.1 Building	Surface	

In the city, downtown and residential area takes the high-density buildings. UHI has 

been found to have a closely related with this situation. The cities will get more solar 

radiation energy than surrounding area during the day because of the effects of 

multiple reflections and absorption between the walls and walls, walls and grounds. 

At night, the cities not only have the back radiation from the atmosphere, but also 

have the long wave back radiation downward from the walls and roof. So that the loss 

of the long wave back radiation is lower than surrounding suburbs. All of above will 

lead to a higher temperature than surrounding. 

Along with advance in research into urban climate, some new theory and research 

method has developed. Many mathematics and physical method has been applied 

across the research. In 1987, Oke came up with the theory definite the activity 

interface. Based on this activity interface, there has the energy balance function of 

building-air-ground volume shows below 

Qn +QF=QH+QE+△QS+△QA 

Where Qn is the net radiation, 

 QF is anthropogenic heat, 

Qh is sensible heat, 

QE is laten heat fluxes. 

△QE is temperature changes of the heat storage of internal underlying surface. 

△QA heat level fluxes changes 
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The temperature field is influence by substrate. Of this, the heat transformation 

process can be divided into three broad categories 

 Heat Convection 

The processes of heat transfer and air movements 

 Radiation 

The short wave solar radiation and long wave radiation between different 

surfaces 

 Heat Conduction 

The processes of heat conduction and heat storage of the solid surfaces 

For example, ground, walls and vegetation. 

All three transfer processes influence and interact with each other. 

3.1.1 Height	to	floor	ratio	

Because of a shortage of territorial area, building to continuously develop, gradually 

top in recent years. Passing to check to see the data, it is obvious to find that the heat 

absorbing area is increasing with the height of the building in case of the same space 

area. 

It is defined that height to floor ratio (HA) as the value shows that the ratio of the 

radiation between the building and the ground. Usually, the value can be 5-6 times as 

more as the radiation which the ground can be absorption. 

Wenyu L10 measures the temperature in Beijing in2010. The author used Proba Chris 

and Landsat5 TM to analysis the result. It shows that in summer, the outer surface 

temperature of the building can be 71℃. But in the same case, the temperature of the 

lawn is only 38℃.So that, the absorption of the building outer surface directly cause the 

temperature of the out surface and surrounding air grows up. It would eventually that 

the problem of UHI will become more severe. 

3.1.2 Different	hard	surface	materials	

Hard surface include road, square, building surface and so on. The temperature is 

mainly affect by long wave radiation. In summer, after absorbing the solar radiation, 

                                                 
10 W.Y. Liu,  A.D. Gong, J. Zhou and W.F. zhan, Investigation on Relationships between Urban Building Materials 
and Land Surface Temperature through a Multi-resource Remote Sensing Approach, Remote sensing information. 
2011. TP79. 116-0046-08 
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these hard surfaces will increased the average radiation temperature of the surrounding 

space, which in turn may affect the sensation of heat of the body.11 

The average temperature of the green area and building materials exist obvious 

difference. Usually, the value of the green area is lower than 305.5K and the value of 

the building materials is larger than 305.5 K. The maximum temperature difference is 

3.0K.  

The typical hard surface material is brick, metal, concrete, cement, brick and glass. 

Those five different hard surface materials will have wider variations, wide distribution 

and discrepancies in physical properties. The three central important surface 

characteristics which would be impacts on land surface temperature are reflectivity, 

thermal conductivity, and thermal inertia. 

Figure 1: Physical map of hard surface materials 

                                                 
11 Dexuan Zhu. (2003), Control study of building environment, Nanjing Southeast University Press 
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1. The Residential portion of the city has a lot of artificial construction like concrete, 
which is easy to absorb heating but have a small heat capacity. In the same case 
of the radiation, the temperature increased more quickly than natural underlying 
surface. 

2. The glass skin had found wide application in high-rise commercial Buildings. 
The UHI effect is further enhanced. The glass curtain wall has led to a great drop 
in their surface temperature. It is about 3.3K-4K lower than other material. It has a 
great reflectivity of blue and green light.  

3. The metal hard surface has a lower surface temperature. The reflective is higher 
in the near infrared. 

4. The walls and top of most buildings take concrete and cement as the material. 
The reflectivity of these two materials is lower, only about 0.2-0.4.The average 
temperature of concrete, cement and associated with the asphalt is almost same. 
Those materials are one of the major resources of a striking thermal environment 
in the city. 

5. From the measurement, the brick and tile-roof building take the highest surface 
temperature. The reflectivity is much lower than other materials. 

3.1.3 Building	surface	analysis	

When normal object is exposured by light it will express as three reactions, they are 

reflect, absorb and perspective. If it defines that ρ is the reflectivity, ε is absorptivity 

and τ is transmissivity, the function will shows below 

ρ+τ+ε=1 

Because most of the object is opaque, the transmissivity τ is equal to zero. So that the 

function will changed as, 

ρ+ε=1 

The Absorptive capacity of atmosphere for infrared radiation which is between 

2.5-5μm and 8-13.5μm is relatively weak. In this case, usually the transmissivity τ is 

more than 80 percents. Consequently, in order to keep the objects decreasing the 

temperature, it needs to bounce the heat absorbed back into space by using these two 

fields. 
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3.1.4 Radiation	

Solar radiation is the major factors of the air temperature changing; include the direct 

radiation, the scatter radiation and the short wave radiation produced by reflection from 

surrounding surfaces. Geographical position, landscape, air and the absorbing and 

scattering of the pollution are influenced on solar radiation. The height of buildings, the 

material of building surface, Green area and water can also affect the solar radiation. 

From Lamber’t low S’= SO * Sin h, so that the function used to calculate the value of 

direct solar radiation shows below, 

S’= Sx * So * Pm * (Sinφ*Sinσ+Cosσ*Cos φ* Cos ω) 

Where: S’ is the heat of direct solar radiation (arrival to the ground) 

Sx is the area of one surface of the buildings； 

So is the solar constant. Use So=1 367 W／m2 

[World Meteorological Organization (WMO) recommended in 1981]; 

Pm is the atmosphere transmissivity, use the value 0.79; 

H is the solar elevation. 

The solar elevation H is calculated by the function. 

Sin h=Sinφ*Sinσ+ Cosσ*Cos φ* Cos ω 

Where: σ is the solar declination  

Φ is the geographical latitude of observing site. 

3.1.5 Reflection	and	absorption	

Any substance has the performance to reflect of absorb a certain wavelength solar 

radiation. The pigment is isolate solar energy by reflecting the visible and infrared 

light. So it named Heat-reflection coating. Most part of solar energy is from visible 

and infrared light, which the wavelength is from 400 to 1800 nm. During this 

wavelength, the higher reflectivity caused the better insulation. The high-reflection 

coating can be used for oil storage, refrigerator, building surfaces and so on. It can 

save energy with higher economic benefit.  
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The capability of reflecting solar radiation is mainly on reflective materials of 

pigments and fillers in coating. Pigments and fillers are the granular solids 

incorporated in the paint. It plays a decisive role on the properties of the coatings.  

Table 1: Comparison of surface temperature between solar reflective coating and 

normal coatings12 

Colors Balance temperature (℃) 

Normal coating Heat-reflection coating 

Black 85.4 67.8 

Green 78.5 68.8 

Orange 57.7 54.5 

Bluish-gray 80.5 70.2 

Brown 83.9 72.1 

From the table, it shows that the temperature of heat reflection coatings is about 

10℃-20℃ lower than normal coating. This is mainly because the mixer of many 

kinds of NIR heat reflection pigments and fillers can keep their highly reflective. So 

the new color pigments also have a highly reflective to NIR, the heat radiation of heat 

energy to the environment in the form of dissemination. 

The reflectivity depends on the thickness of the pigments, particle size of the pigments, 

purity of the pigments, the PVC (pigment volume concentration) value and the ratio 

between refractive index of pigments np and resin nr. 

Table 2: Refraction index of pigments13 

Pigments Refractive index Pigments Refractive index 

Titanium dioxide 2.80 silicon carbide 2.65 

iron oxide red 2.80 barium sulphate 1.76 

Iron Oxide Yellow; 2.30 alumina 1.66 
zinc oxide 2.20 magnesium silicate 1.64 

Lithopone 1.84 silicon dioxide 1.54 

Talc 1.59   

The particle size of pigments has a great influence on the merits of high-reflection 

coatings. It can be described by the function14. 
                                                 
12

 Y.X.Xu, Y.D.Li, Y.Shi, Z.B.Yang and Y.Yong (2011), Present Situation and Progress of Solar Heat Reflective 

Thermal Insulating Coatings, Paint & Coatings Industry, 2010,40(1): 0253-4312(2010)01-0070-05 

13 W.W. Liu and D.M. Wang, Research Progress of Thermal Insulation Coatings, Coatings Technology and 

Abstracts 
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d
0.9λ m 2
x π m 1

 

Where d is the diameter of the particle of the pigment. 

      np is the refractive index of base resin 

      m is the scattering power (np/nr) 

      λ is the incident wavelength 

The larger size of the particle is bound to be good for reflect solar radiation. In 

general, the minimum particle diameter should be no less than 0.02μm; otherwise 

there will not have any contribution to temperature control. But the larger size of the 

particle will lead to a rough, porous, easily stained coating surface. So, it needs to get 

a suitable size. 

Based on the theory of Kubelka-Munk151617(K-M coefficient), the absorptivity can 

shows the actual situation of the absorption of the pigment. Use the measurement result 

of reflectivity and absorptivity to check K-M coefficient, then the absorption 

coefficient K and back scattering coefficient S can be export. Each situation of 

reflection and absorption of different pigment in different wavelength should be 

known by discuss K-S all-band spectrum. Consequently, it can intuitively identify 

which pigment will have the largest absorption coefficient at near infrared ray region. 

For example, the K-M coefficient spectrum figure shows with two Black pigments 

obtained as following. 

                                                                                                                                            
14 G.D. Chen, W.P. Tu and J. Cheng, Case study of solar reflection [J], Coating industrial, 2002, 32 (1): 3-5 

15
 Levinson R, Berdahl P, Akbari H. Solar spectral optical properties of pigments Part Ⅰ:  Model for deriving 

scattering and absorption coefficients from transmittance and reflectance measurements [J], Solar Energy 

Materials & Solar Cells, 2005, 89 (4), 319-349 

16 Levinson R, Berdahl P, Akbari H. Solar spectral optical properties of pigments Part Ⅱ:  Survey of common 

colornats [J], Solar Energy Materials & Solar Cells, 2005, 89 (4), 351-389 

17 Brady R F, Wake L V, Principles and formulations for organic coatings with tailored infrared properties [J], 

Prog Org Coat, 1992, 20 (1): 1-25 
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Figure 2: K-M coefficients of coating with two Black pigments obtained by diffuse 

Reflectance spectrophotometry18 

3.2 Green	Space	

Green space is the indispensable part of cities. It is also beneficial to control the urban 

heat islands. 

The urban green space system19 is defined as: the green patches or corridor systems 

consist of different kinds and scales of green space which have strong ecological 

function. The generalized urban green space system contain urban green and blue 

space, which means every artificial, semi-natural or natural vegetations, water, wet 

lands, rivers and lakes are all included. 

3.2.1 The	Remission	of	Urban	Heat	Islands	by	Green	Plants	

The green plants can increase air humidity and have a beneficial effect for 

temperature adjustment. One of the important reasons which cause the urban heat 

islands is the reduction of the vegetation. So increase the vegetation coverage will 

have obvious effect for impair urban heat islands. The green plants can increase 

humidity and reduce temperature mainly reflect in the below aspects: 

                                                 
18 M. Cheng, J. Ji and Y.X. Chang, Study of solar heat-reflective pigments in cool roof coatings[J], Beijing 

University of Chemical Technology (Natural Science), 2009, 36(1) 

19 China National Committee for Terms in Sciences and Technologies, 
http://www.cnctst.gov.cn/pages/homepage/result2.jsp?id=289454&subid=10001794&subject, 2012-07-12 
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1. The green plants can absorb and control CO2 (Carbon sink). Plants absorb carbon 

dioxide in the atmosphere via photosynthesis, thereby reducing greenhouse gas 

and decrease the air temperature indirectly. According to estimate, if the green 

space achieves 10m2 per person, the plants could absorb all of the CO2 which 

exhale by people.20 Jo and Mc had some research for carbon dioxide reduction by 

vegetation, they found that urban vegetation coverage really have effect to reduce 

the concentration of carbon dioxide from atmosphere.21 

2. Through the transpiration, plants can reduce temperature and increase air humidity 

observably. The foliar transpiration of plants diffuses the water into atmosphere 

with gaseous form, take the heat away while increase air humidity. Depending on 

Yu and Hien’s research, construct large-scale parks and green space in cities, 

could reduce the temperature in surrounding region22. Synthesizing the relevant 

data, greening could make local areas experiencing a temperature decline of 3 to 5 

degrees, maximum can decrease 12 degrees. And it also could make the relative 

humidity increase 3% to 12%, maximum can rise 33%23. 

3. The green plants could impair the solar radiation. By photosynthesis, plants turn 

light into chemical energy, and at the same time, the laminas could block and 

reflect direct solar radiation and radiant heat from surfaces of roads and walls. 

Thus, to some extent, plants can lessen radiant heat from ground which paved by 

asphalt, concrete and so on. 

In the city, plant mulching is mainly proceeded by supracrustal plant coverage and 

building plant coverage. Research shows that, the temperatures of urban surface and 

vegetation coverage have evident negative correlation, which means that, the surface 

temperature in high vegetation coverage region is obvious lower than the low 

vegetation coverage region. 

The concentrated greenbelts form some “troughs” in the urban heat island, the 

temperature of this area is lower than other vegetation types, and it also reduces the 

surrounding environment temperature, relieve the “peak” of urban heat islands which 

formed by city heat sources. 

                                                 
20 G. Zhang and Z. Jin, Landscape green space system [J], Chinese Landscape Architecture, 2001, 4:22-25 

21 H.K. Jo, and E.G. McPherson, Indirect carbon reduction by residential vegetation and planting strategies in 
Chicago USA [J], Environmental Management, 2001, 61(2):165-177 

22 C. Yu and W.N. Hien, Thermal benefits of City Parks [J], Energy and Buildings, 2006, 38(2):105-120 

23 Q. Weng and S.H. Yang, Managing the adverse thermal effects of urban development in a densely populated 
Chinese city [J], Journal of Environmental Management, 2004, 70:145-156 
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In addition, via the format of roof, wall and balcony greening, to increase the 

vegetation area, cool buildings and decrease the heat release by buildings and their 

components, and then relieve the effect of urban heat islands. 

Donkyu has evaluated urban vegetations which play important role for retarding 

deterioration of the urban heat environment, and also analyzed the relevance between 

urban vegetations’ surface temperature and heat islands by model24. He indicated that 

the area and quantity of urban vegetations are important factors which could improve 

urban heat environment. And some scholars’ research showed that, if can increase 

vegetation coverage from 0 to 25%, the effect of reducing temperature will achieve 

1.5 degree25. 

Thus it can be seen that, increase the vegetation coverage area has a significant 

contribution to relief influence from heat islands. 

3.2.2 The	Effects	of	Reducing	Temperature	and	Increasing	Humidity	by	

Different	Green	Lands	in	Urban	Area	

Bowen Kang and his companions have made a research about the effects of reducing 

temperature and increasing humidity by different green lands in urban area. They 

chose forestry, lawn, naked and cement land, to determine and analysis. The results 

shows that: in the high temperature season, urban forestry and lawn are both have 

effect for reducing temperature of surface and soil, alleviating dramatically vary of 

temperature and increase relative air humidity.26 

                                                 
24 K. Yun, Evaluation of vegetation of urban area by numerical simulation of heat balance [J]. Journal of 

Architecture, Planning and Environmental Engineering (Transactions of AIJ), 1999, 6(520): 69-75 

25 X.F. Zhang, Y.L. Wang and J.S. Wu, Study on Land Surface Temperature Vegetation Cover Relationship in 

Urban Region: a Case in Shenzhen City [J], Geographical Research, 2006, 25(3): 369-377 

26 B.W. Kang, D.X. Wang, J.J. Liu and L. Li, The effects of reducing temperature and increasing humidity by 
different green lands in urban area [J], Journal of Northwest Forestry University, 2005, 20(2): 54-56 
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Figure 3: Curves of surface temperature27 

From Figure 3, the highest surface temperature of forestry is less 9.5, 17.5 and 24.5℃ 

respectively than the same data of lawn, naked and cement land. 

 
Figure 4: Curves of soil temperature28 

From Figure 4, when 16:00, naked and cement land reach the highest temperature. At 

the same time, temperatures of forestry are lower 7 and 13℃ than them. 

                                                 
27 B.W. Kang, D.X. Wang, J.J. Liu and L. Li, The effects of reducing temperature and increasing humidity by 
different green lands in urban area [J], Journal of Northwest Forestry University, 2005, 20(2): 54-56 

28 B.W. Kang, D.X. Wang, J.J. Liu and L. Li, The effects of reducing temperature and increasing humidity by 
different green lands in urban area [J], Journal of Northwest Forestry University, 2005, 20(2): 54-56 
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Table 3: Average value of relative humidity (%)29 

Weather Height (cm) Forestry Lawn Naked land 
Cement 

land 
 

Sunny 
15 57.0 52.4 47.7 45.7 
50 55.8 50.7 46.4 42.8 
100 54.5 48.1 45.0 41.7 

 
Cloudy 

15 64.7 58.1 54.1 50.3 
50 61.5 56.3 52.8 49.8 
100 58.9 54.1 49.6 47.4 

Table 4: Diurnal relative humidity of air in a sunny day (%)30 

Weather Height (cm) Forestry Lawn Naked land 
Cement 

land 

 
8:00 

15 90.0 91.0 84.0 88.0 
50 89.0 87.0 81.0 82.0 
100 85.0 88.0 84.0 84.0 

 
10:00 

15 76.0 68.0 65.0 59.0 
50 74.0 70.0 65.0 57.0 
100 70.0 66.0 63.0 58.0 

 
12:00 

15 64.0 49.0 44.0 36.0 
50 62.0 49.0 42.0 34.0 
100 62.0 46.0 35.0 30.0 

 
14:00 

15 45.0 38.0 28.0 24.0 
50 46.0 35.0 27.0 23.0 
100 43.0 34.0 27.0 20.0 

 
16:00 

15 37.0 35.0 34.0 30.0 
50 37.0 33.0 33.0 30.0 
100 34.0 30.0 27.0 28.0 

 
18:00 

15 40.0 41.0 37.0 40.0 
50 38.0 35.0 36.0 36.0 
100 41.0 35.0 35.0 35.0 

 
20:00 

15 47.0 45.0 42.0 43.0 
50 45.0 46.0 39.0 38.0 
100 47.0 43.0 40.0 37.0 

From Table 3 and 4, in different heights, no matter in sunny or cloudy, the average 

values of relative humidity both are forestry＞lawn＞naked land＞cement land. In the 

                                                 
29 B.W. Kang, D.X. Wang, J.J. Liu and L. Li, The effects of reducing temperature and increasing humidity by 
different green lands in urban area [J], Journal of Northwest Forestry University, 2005, 20(2): 54-56 

30 B.W. Kang, D.X. Wang, J.J. Liu and L. Li, The effects of reducing temperature and increasing humidity by 
different green lands in urban area [J], Journal of Northwest Forestry University, 2005, 20(2): 54-56 
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sunny day, the average relative humidity is 55.7%, this value are respectively higher 

5.0%, 9.1% and 12.4% than lawn, naked and cement lands. And in cloudy, the 

average relative humidity is 61.7%, it is higher 5.5%, 10.4% and 12.5% respectively 

than others. 

During the day, in the morning and evening (8:00-20:00), the difference of air relative 

humidity between forestry and lawn with naked and cement land is not too much. 

Between 12:00-14:00, the air relative humidity of forestry and lawn are much higher 

than the value of naked and cement land. At 12:00, the air relative humidity of 

forestry is higher 14.7%, 19.0% and 29.4% respectively than others. And at 14:00, the 

value of forestry is higher 9.0% 17.4% and 22.4% than them. The air relative 

humidity of these four kinds green lands show relatively lower in the midday, and 

higher in the early morning and evening, which present a saddle-shaped distribution. 

Mainly are the higher off the ground, the higher air relative humidity is. So no matter 

sunny or cloudy, forestry and lawn all have better effect than naked and cement land. 

3.2.3 London	

According to above data, green space is useful to reduce urban heat islands. As an 

international metropolis, which has more than 8 million populations31, London has 

developed economy, dense population and precious land, she was a heavily polluted 

cities. But now, in not only ecology but also green space construction, London has 

made remarkable achievements and owns a relatively perfect system to reduce urban 

heat island in factor of green space. 

The authors think that London has some advantages in management of greenbelt. 

1. The scale of urban green space is large, and forms the network. 

“There are many parks and open spaces in London. Green space in central 

London consists of five Royal Parks, supplemented by a number of small garden 

squares scattered throughout the city centre. Open space in the rest of the city is 

dominated by the remaining three Royal Parks and many other parks and open 

spaces of a range of sizes, run mainly by the local London boroughs, although 

other owners include the National Trust and the City of London Corporation”32 

                                                 
31 Office for National Statistics, 
http://www.ons.gov.uk/ons/rel/mro/news-release/census-result-shows-increase-in-population-of-london-as-it-tops-
8-million/censuslondonnr0712.html, 2012-08-15 

32 London& Partners, http://www.visitlondon.com/attractions/outdoors/royal-parks, 2012-08-15 
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33 written by Wikipedia. By the large scale of urban green space, London retained 

the original rural scenery, and through wedge-shaped greenbelt, green corridor, 

rivers, form the different levels of green space to network. 

2. People oriented plan and construction. 

Green land planning consider green coverage rate, per capita public green space, 

and satisfaction for distribution and functional status of green land in an integrated 

manner. Depending on size, function, location and some other indexes, the green 

space of London divide into regional parks, municipal parks, district parks, pocket 

park and linear green space. And according to different kinds of functions or 

service area, investigate the satisfaction of the green space by people. Then use 

the experience to plan for the new green space. 

3. Focus on the construction of urban reserve. 

Generally, wildlife reserves are always in sparsely populated areas, but the 

experience of London indicate that, city also can retain some natural habitats with 

wildlife and natural scenery. London has perfect measures to protect natural 

resource. Parliament provides that developing can not affect natural conservation. 

Priority protects the area which cannot be rebuilt outside London and set apart 

channel for wildlife. The reserves of London are connected with community, 

although in dense building areas. So, the number of wildlife in London is a 

significant number. 

4. Create an environment which is suitable for the survival of wildlife. 

The construct of green space in London focus on developing and protecting urban 

ecology and biological diversity. Through green space, natural parks, 

eco-renovated of wasteland, manager of rivers and so on, combine landscape and 

diversity living environment, form an ecological landscape, provide shelter space 

for foraging, living and multiplying of wildlife. 

3.2.4 Hong	Kong	

Depending on the research by Hong Kong Observatory, it showed that “…the rising 

trends of air temperature in Hong Kong are influenced by both the global warming 

due to enhanced greenhouse effect and the high density urban development in Hong 

Kong. Apart from temperature, urbanization also brings about obvious differences 

between the urban and rural areas in respect of relative humidity.” 34 

                                                 
33 London& Partners, http://www.visitlondon.com/attractions/outdoors/large-parks, 2012-08-15 

34 M.C. Wu, Y.K. Leung, W.M. Lui and T.C. Lee, A Study on the Difference Between Urban and Rural Climate in 
Hong Kong, Meteorology monthly, 2009, vol. 35(2), 71-79 
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Because of the high-density population, the land prices rose rapid. Developers ask for 

enhance the plot ratio of urban land, and government also need to increase the 

intensity of exploitation to satisfy the requirement from populace. So, base on angles 

of energy saving, improve quality of urban environment and social economy, how to 

remit urban heat island effect, which on the premise of maintain land utilization rate, 

must be considered by planners when design with high-density city. 

Depending on the research by Giridharan etc, if increase “the tree cover from 25% to 

40% in the pocket park in coastal are residential developments of Hong Kong could 

reduce daytime urban heat island intensity (UHI) by further 0.5℃”.35 

Roof	Greening	

On the basis of Hong Kong’s special condition, the authors consider that roof 

greening is appropriate for high-density and high-rise city Hong Kong. 

The roof greening can not only increase urban green area, but also improve urban 

island. The principle is that plants have beneficial effect to slow down urban heat 

island, mainly in two aspects:  

1. The transpiration of plants can consume a large amount of heat from environment, 

thereby reduce the temperature. 

2. The plants coverage for the surface of building could reduce direct solar radiation. 

Table 5: the temperatures of greening roof and natural roof36 

 
Surface 

temperature 
Internal surface 

temperature 
Indoor temperature

Greening roof 32.6 30.1 28 

Natural roof 40 36.2 32.5 

From Table 5 could know that the different temperature of greening roof and no 

greening roof. 

In addition, according to demonstrate of a Canada roof greening research group, if 

make greening in 6% roofs of Toronto, will reduce 1-2℃ for heat island, decrease 
                                                 
35 R.Giridharan, S.S.Y. Lau, S. Ganesan and B. Givoni, Lowering the outdoor temperature in high-density 
residential developments of coastal Hong Kong: The vegetation influence [J], Building and Environment, 2008, 
43(10): 1583-1595 

36 Huang Jinqi, Construction and Design of Roof Garden [M], Beijing: China Forestry Publishing House, 1994: 
88-94 
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1.56Mt greenhouse gas emit from buildings directly and 0.56Mt indirectly, the haze 

weather will be less 5%-10%, absorb dust 30 tons per year by plants, could intercept 

3.6 million tons rain per year by roof, create 6.5 million square meter public and 

private green space.37 So, if the roof greening in a city can achieve a certain level of 

scale, it will play a very important role for improvement of ecological environment. 

But at present, there are still some problems and deficiencies for roof greening, 

mainly reflect in follow respects: 

1. Lack of effective policy and financial support. There are a few related policies 

issued by government, and enforce insufficiently. For example, Shenzhen had 

issued roof greening measurement of Shenzhen in 1999, but till now there is no 

significant effective by the policy. 

2. Lack of recognition for roof greening. The technique of some professional 

companies become more and more mature, but because of there is no untied 

criterion or strong publicized, the citizens have weak attention and awareness of 

roof greening, lead to the slow development. 

3. The technology level drops behind. Roof greening is very different from ground 

greening on design and construction technique. The roof greening must be 

satisfied with greening requirement, have perfect drainage and irrigation 

equipment and ensure that avoid leakage. The starting of roof greening in China is 

late, technique level is relative backwardness. These are also the key factors that 

could impact development of roof greening. 

4. The type structure of roof greening is imbalance, plants choice has imperfection.  

5. In the respect which evaluates ecology benefit of roof greening, there is some 

deviation in cognition and design. 

According to the condition above, the authors think that roof greening will have 

beneficial effect to reduce heat island in Hong Kong, but as a relatively new way for 

greening, there is a long way to develop and improve it. 

The urban green spaces play a prominent role in reducing urban heat island, the 

current research conclusion have confirm this opinion. In the application, the 

measures suggested by authors are: 

                                                 
37 S. Peck, C. Callaghan, Peck& Associates, et a1, Greenbacks from Green Roofs: Forging a new industry in 
Canada [M], CMHC SCHL Canada, 1999 
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1. Increase coverage area of green space, use multilayer and multi-structure greening 

measurement and improve coverage ratio of urban green space. 

2. Use plenty of composite structure of green space, expand greenbelt scale. 

In research field of heat island, China had made a lot of achievements, but for the 

research of urban green space, there is no systematic theory. The authors think that we 

have to do a lot work in follow aspects: 

1. For cities in various climatic conditions of different district, systematic research 

should be done by us. Construct database of urban green space, provide effective 

technical support for urban planning and greening.  

2. Do specific research for green space system, such as which form of green space 

system should be adopted (wood, lawn or composite green space system), which 

kind of plants should be choose, which shape of green space system should be 

used and how could green space system distribute. 

3. Try to find the balance in combine urban green space system and other techniques 

which can eliminate urban heat island. Such like how to combine urban 

ventilation technology and green space system. It should not impair ventilation 

effectiveness by use urban green space system, so it should reduce urban heat 

island by optimal combination. 

3.3 The	Lighting	

During search for materials, the authors find that the city lighting intensity in the night 

could indicates the extent for urban heat islands effect on some level. The intensity of 

lighting is proportional to urbanization level. 

Table 6: Lighting at night, heat islands distribution and temperature difference of 

some different cities 

City Lighting Heat islands 
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Beijing 

Figure 5: Beijing at night38 
Figure 6: Heat islands of Beijing in 2008 (Red 

area indicate stronger heat island)39 

Shanghai 

Figure 7: Shanghai at night40 Figure 8: Heat islands of Shanghai in 201141 

                                                 
38 NASA, http://www.nasa.gov/mission_pages/station/multimedia/gallery/iss026e010155.html, 2012-09-11 

39 Beijing institute of landscape architecture, http://www.bjylkys.com/list.asp?classid=13, 2012-09-10 

40 NASA, http://earthobservatory.nasa.gov/IOTD/view.php?id=77658, 2012-09-10 

41 NASA, http://earthobservatory.nasa.gov/Features/HottestSpot/page3.php, 2012-09-10 
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London 

Figure 9: London at night42 Figure 10: Heat islands of London in 200943 

Tel Aviv 

 

Figure 11: Tel Aviv at night44 

 

Figure 12: Heat islands of Tel Aviv in 199545 

                                                 
42 NASA, http://www.nasa.gov/multimedia/imagegallery/image_feature_41.html, 2012-08-17 

43 Core Strategy Proposed Submission, 
http://islington-consult.objective.co.uk/portal/planning/cs/csps?pointId=1249654886276, 2012-09-10 

44 NASA, http://www.nasa.gov/offices/oce/appel/ask/issues/38/38s_cities.html, 2012-09-10 

45 Tel Aviv University, The LCRS Projects, http://www.tau.ac.il/~rslweb/lcrs.html, 2012-09-10 
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New York 

Figure 13: New York at night46 Figure 14: Heat islands of New York in 200247

Baltimore 

Figure 15: Baltimore at night48 

 

Figure 16: Heat islands of Baltimore in 200149

Table 6 shows the lighting at night and heat islands distribution. 

Depending on comparison, it could be found that intensity of lighting reflect condition 

of heat island effect correspondingly. In all figures could be seen that in the middle of 

the city, the lighting is brighter than surrounding. And at the same time, in the pictures 

of heat islands also indicate that the effect of urban area is stronger than surrounding. 

So the authors suppose that the lighting extent can reflect the condition of heat islands, 

they are proportional.  

                                                 
46 Science Photo Library Ltd, http://www.sciencephoto.com/media/159947/enlarge, 2012-09-10 

47 NASA, http://earthobservatory.nasa.gov/IOTD/view.php?id=6800, 2012-09-10 

48 Mapman, http://www.panoramio.com/photo/1632561, 2012-09-10 

49 NASA, Urban Heat Island: Baltimore, MD, http://earthobservatory.nasa.gov/IOTD/view.php?id=36227, 
2012-09-10 
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Figure 17: India at night 

In most situations, the supposition proposed by authors is tenable. But some special 

exceptions also exist, for example, figure 17 is the lighting at night of India, it is very 

bright and dense, and however, the urbanization level in India is low. This is the 

insufficient of the supposition. 

For the reason of this condition, the authors consider that lighting intensity could 

indicate the level of urbanization level, and the urbanization level could reflects the 

effect degree of urban heat islands in some way. And the over-capitalized lighting will 

cause energy waste, also may aggravate the effect of urban heat islands. So depending 

on correctly reflects urbanization level, the lighting condition can then indicates the 

effect of heat islands. 

Then, Table 7 and Figure 18 show relation of inhabitant number and UHI temperature 

difference for some different cities. 

Table 7: Number of Inhabitants and UHI temperature difference of some cities 

 City Number of 
Inhabitants 
(millions) 

Temperature 
difference ΔT (℃)

Asia Beijing, China 15.3650 +5.551 

                                                 
50 National Bureau of Statistics of China, 
http://www.stats.gov.cn/tjgb/rkpcgb/dfrkpcgb/t20060317_402311329.htm, 2012-09-12 

51 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 
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(2005) 
Shanghai (2005) 17.7852 +7.053 

Tokyo, Japan (2005) 12.5854 +7.555 
Seoul, Korea (2005) 10.356 +4.557 

Pyongyong, N. 
Korea (2005) 

3.2658 +3.059 

Ho Chi Minh 
City,Vietnam (2005)

6.660 +2.061 

Bangkok, Thailand 
(2005) 

6.3262 +3.063 

Manila, Philippines 1.6664 +2.065 
                                                 
52 National Bureau of Statistics of China, 
http://www.stats.gov.cn/tjgb/rkpcgb/dfrkpcgb/t20060320_402311562.htm, 2012-09-12 

53 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

54 Tokyo Metropolitan Government, Tokyo Statistical Yearbook 2005 – Population, 
http://www.toukei.metro.tokyo.jp/tnenkan/2005/tn05qyte0510b.htm, 2012-09-21 

55 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

56 Seoul Statistic, http://stat.seoul.go.kr/Seoul_System5.jsp?stc_cd=418, 2012-09-21 

57 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

58 Central Bureau of Statistics, DPR Korea, 2008 Population Census National Report, 
http://unstats.un.org/unsd/demographic/sources/census/2010_PHC/North_Korea/Final%20national%20census%20
report.pdf, 2012-09-21 

59 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

60 Statistical Office in Ho Chi Minh City, 
http://www.pso.hochiminhcity.gov.vn/c/document_library/get_file?uuid=5fdc62bc-0523-453a-b596-57ad36af983
1&groupId=18, 2012-09-21 

61 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

62 National Statistics office Thailand, Population and Housing Census 2000, 
http://web.nso.go.th/pop2000/prelim_e.htm, 2012-09-21 

63 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 

64 Philippines National Statistics Office, Positive population growth rate for Manila, 
http://www.census.gov.ph/data/pressrelease/2010/pr1041tx.html, 2012-09-21 

65 Hung, T., Uchihama, D., Ochi, S., Yasuoka, Y., Assessment with satellite data of the urban heat island effects in 
asian mega cities [J], International Journal of Applied Earth Observation and Geoinformation, 2005, 8 (1), 34–48 
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(2005) 

Europe 

London, UK (2001) 7.1766 +1.867 
Rome (2006) 2.5568 +4.069 

Budapest, Hungary 1.6970 +3.271 
Nyíregyháza, 

Hungary 
0.1272 +2.073 

Athens, Greece 
(2007) 

0.5674 +3.175 

Thessaloniki, Greece 
(2004) 

0.3576 +2.777 

Heraklion, Greece 
(2004) 

0.1478 
+1.979 

Patra, Greece (2004) 0.1880 +3.081 

                                                 
66 City Population, http://www.citypopulation.de/UK-London.html, 2012-09-21 

67 N. Chrisomallidou, Guidelines for Integrating Energy Conservation Techniques in Urban Buildings, ln: M 
Santamouris (Ed.) Energy and Climate in the Urban Built Environment, James & James, London, 2001, pp247-309 

68 Geodemo, http://demo.istat.it/pop2006/index1_e.html, 2012-09-22 

69 V. Bonacquisti, G.R. Casale, S. Palmieri and A. M. Siani, A canopy layer model to describe the urban heat island 
in Rome[J], Geophysical Reserch Abstracts, Vol. 8(2006), 00330 

70 Budapest Pocket Guide, http://www.budpocketguide.com/GuideToHun/Facts_Figures.php, 2012-09-22 

71 Pongracz, R., Bartholy, J., Dezso, Z., Remotely sensed thermal information applied to urban climate analysis[J], 
Advances in Space Research, 2006, 37 (12), 2191–2196 

72 European Travel Commission, 
http://www.etc-corporate.org/modules.php?name=Content&pa=showpage&pid=72, 2012-09-21 

73 Pongracz, R., Bartholy, J., Dezso, Z., Remotely sensed thermal information applied to urban climate analysis[J], 
Advances in Space Research, 2006, 37 (12), 2191–2196 

74  Hellenic Statistical Authority, Publication of provisional results of the 2011 Population Census , 
http://www.statistics.gr/portal/page/portal/ESYE/BUCKET/A1602/PressReleases/A1602_SAM01_DT_DC_00_20
11_01_F_EN.pdf, 2012-09-21 

75 Stathopoulou, M., Constantinos, C., Study of the urban heat island of Athens, Greece during daytime and 
night-time, IEEE Urban remote sensing joint event, 2007b, 1-4244-0712-5/07 

76 WolframAlpha, http://icarian-sea.com/ads/pdf/thessaloniki.pdf, 2012-09-22 

77 Stathopoulou, M., Constantinos, C., Daytime urban heat islands from Landsat ETM+ and Corine land cover data: 
an application to major cities in Greece, Solar Energy, 2007a, 81, 358–368 

78 WolframAlpha, http://icarian-sea.com/ads/pdf/crete.pdf, 2012-09-21 

79 Stathopoulou, M., Constantinos, C., Daytime urban heat islands from Landsat ETM+ and Corine land cover data: 
an application to major cities in Greece, Solar Energy, 2007a, 81, 358–368 

80 Eurostat, http://www.urbanaudit.org/CityProfiles.aspx?CityCode=GR003C&CountryCode=GR, 2012-09-22 
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Figure 18: Relation of Inhabitant Number and Temperature Difference for some 

different countries 

From the table 7 and figure 18, the authors show three linear correlations of inhabitant 

and temperature difference for some different cities of Asia, Europe and United States. 

It can be seen that London is not near the line of Europe, as be mentioned before, the 

author think the reason of this phenomenon is that London has made remarkable 

achievements and owns a relatively perfect system to reduce urban heat islands in 

factor of green space. 

And Baltimore’s heat island intensity is much higher with a lower population. There 

were remarkable difference between Baltimore and other cities in America. The 

meteorologists of the University of Maryland named D.L Zhang and Russell Dickerson 

used the 3D models to study urban heat island effect of Baltimore. 

 

Figure 19: Horizontal distribution of skin temperature (℃ shading) at 1745 UTC 9 July 

200790: a) observed by the MODIS satellite and b) simulated with surface (z=10m) 

wind vectors (m/s) superposed 

Through the research, it shows that the local UHI is linking to the local weather 

dynamics. The heat wave from Washington D.C and Columbia move to Baltimore in 

summer. Because of the wind, it stays above the city, contributing to a rise in 

temperature. And on the other side, the factor of the city itself also caused a terrible 

                                                 
90 D.L. Zhang, Y.X. Shou and Russell R. Dickerson, Upstream urbanization exacerbates urban heat island effects 
[J], Geophysical Research Letters, 2009, Vol. 36, L24401, doi:10.1029/2009GL041082 
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UHI effects. So that the problem of UHI effect in Baltimore is much more serious than 

other cities in America.91 

While the relations between the lighting levels and UHI levels had been discussed in 

this project, the authors also discovered that there has the direct correlation between 

the amount of population and the UHI temperature difference. 

4 Conclusion	

The paper points out the influences of radiation, reflection and absorption of the 

building surfaces. The authors discuss the different surface problem and give some 

solutions for the problem. At the same area of the floor, the absorption area is 

increasing as the height increasing o in high-rise buildings. The solar reflecting 

coatings become more and more important and useful way to solve the problem of 

urban heat island effect. 

And there is no doubt that green space is helpful to urban heat island. London has a 

better urban green space system, Hong Kong is a developing city, she has a long way 

on improve the city green environment to reduce UHI. The authors think that roof 

greening is a suitable method to help Hong Kong gets rid of urban heat islands. 

The lighting could indicate the level of urbanization, also can reflect urban heat 

islands effect preliminary and there has the direct correlation between the amount of 

population and UHI temperature difference. 

The authors hope that we could have more suitable technical measures to solve urban 

heat islands for different situations in the near future. 

  

                                                 
91 D.L. Zhang, Y.X. Shou and Russell R. Dickerson, Upstream urbanization exacerbates urban heat island effects 
[J], Geophysical Research Letters, 2009, Vol. 36, L24401, doi:10.1029/2009GL041082 
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