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A study of parks’ thermal performances and their 

influential factors in urban heat island mitigation for 

the city of Gold Coast 
      

Abstract 

 
Urban dwellers are suffering from more serious thermal discomforts in summer 

than rural residents. This phenomenon is called Urban Heat Island (UHI). UHI 

negatively affects residents’ daily life in many aspects, including discomfort, 

health, and energy consumption. Therefore, exploring UHI mitigation strategies is 

a universally compelling mission. However, UHI is a complex phenomenon which 

is affected by a number of factors. To address problems, a profound understanding 

of UHI is essential. Based on a literature review, researchers have discovered 

some important strategies for UHI mitigation, including shades, waterbody, and 

vegetation. In urban areas, these elements are mostly related to parks. The Gold 

Coast is a coastal subtropical city located on the southeast of Queensland, 

Australia. There are three key elements that exhibit its urban features: urban 

forestry parks, the sea, and the hot humid weather. This study aims to explore 

thermal environments of 18 selected parks around the city to find the thermal 

performance of each park and its influencing factors. The 18 parks were measured 

physically by Testo 480 and Winscanopy; the collected data included air 

temperature, air velocity, relative humidity, sky view factor etc. Design factors of 

parks, such as tree coverage and surface area, are also measured. Multiple linear 

regression is used studying the relationships between design factors and thermal 

performance. It is discovered that trees have more significant effect on park 

thermal environment adjustment than others, such as park size. Tree coverage is 

significantly correlated to all thermal indicators (park cooling intensity, mean 

radiant temperature, and physiological equivalent temperature) while distance to 

the sea is sensitive to cooling more. The research has important implications for 

urban planning and management to utilise parks to create better urban thermal 

environments.   

Key Words: Urban Heat Island, Urban Climate, Urban Thermal Environment, 

Park Cooling Intensity, Coastal 
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Chapter 1. Introduction 
 

1.1 Context    

 

1.1.1 Urban Heat Island (UHI) and Urban Heat Island Intensity (UHII) 

 

Urban dwellers are suffering from more serious thermal discomfort in warm weather than surrounding 

peri-urban ones. This phenomenon might be caused by Urban Heat Island (UHI), which means that 

built-up areas are usually warmer than the surrounding ones (Fig. 1). This phenomenon has been 

investigated and proved by a number of researchers. They have exhibited that UHI is relevant to a 

variety of aspects. Landsberg (1981) discovered that urbanised areas with constructed surfaces usually 

have higher temperatures than the surrounding rural ones covered by vegetation. Grimmond et al. 

(1991) have analysed it through heat balance, which discovered that UHI are caused by the variation 

of land covering materials, for they have various properties in heat storage. Bass et al. (2002) thought 

that UHI is due to the replacement of natural landscape with hardened concrete, for they do not have 

the functions of cooling. Roberge and Sushama (2018) described that urban areas are warmer than the 

non-urban ones, as the distinctive surface characteristics have modified their energy partitioning. Li et 

al. (2018) have studied Berlin, discovering that UHI is correlated to urban pollution. Zhou et al. (2017) 

measured building energy consumption in various districts of Shanghai, finding its relevance to UHI. 

UHI and energy loads are both positively correlated to building density. P-values of UHI are also an 

increasing trend. With the urbanisation of Manchester, for instance, yearly mean urban temperature 

has increased by 2.4K (Levermore et al., 2018). In regards to the climate data of 59 weather station in 

and around Bangkok, average temperatures are increasing by 0.1 ℃ annually. Temperature 

differences between urban and nonurban areas vary seasonally, yet urban areas remain higher 

(Pakarnseree et al., 2018).  

Figure 1. Profile of UHI (Cool Parramatta, 2018) 
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Figure 2. Temperature fluctuation comparison between urban and nonurban areas of Great Athens (Moustris et al., 2012) 

 

A large amount of research has shown that urban temperatures are higher than that of nonurban ones. 

However, with the difference of physical factors, every region has its own effect level of UHI. To 

exactly evaluate the UHI in one region, urban heat island intensity (UHII) has evolved. It is an idea 

that officially evaluates the regional degree of UHI, which refers the temperature difference between 

the urban and its surrounding areas of a city (urban temperature minus rural/suburban temperature) 

(Fig. 2). UHII varies geographically; for instance, that of Rome (5°C (Bonacquisti et al., 2006)) is 

different from Manchester (8°C (Skelhorn et al., 2016)) and Hong Kong (10.5°C (Memon et al., 

2009)). Through this figure, it can be evaluated that a tropical area (Hong Kong) has a higher UHII 

than a neutral one (Rome). To negate its negative influence, many urban residents have to create 

suitable occupation spaces by mechanical cooling equipment. 

 

1.1.2 The impact of UHI 

 

UHI negatively impacts residents’ daily life in many aspects. It has been confirmed that UHI is 

causing health problems. As the intensity of heat wave increases, UHI adversely influences people’s 

heath because of an increasing exposure to the hot thermal environments (Tan et al., 2010). Thermal 

discomfort is also due to UHI for the urban areas are mostly covered by concrete. A study in Turkey 
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shows that dwellers prefer soil and grass surfaces to the asphalt concrete ones thermally (Yilmaz et al., 

2007). As a result, residents prefer staying indoor on warm days, rather than enjoying outdoor 

activities. Amount of energy consumption is closely linked with UHI as well. Taking Tokyo for 

example, the rapid air temperature increase since 1980 caused by its urbanisation, has remarkably 

increased energy consumption for urban cooling (Ihara et al., 2008). Apart from these, there are also 

other impacts of UHI, including emitting air pollutant and greenhouse gases as well as impairing 

water quality (Epa, 1999). These issues considerably impair residents’ quality of life in city areas. 

Therefore, UHI is generating increasing attentions in urban governance, planning and management. It 

has become a universally compelling mission to combat.  

 

Why can UHI impact human comfort so severely? In accordance with the some statistics, more than 

half of the world population dwells in cities (UN, 2014). And what is worse, this percentage is 

growing. It is predicted to reach 66% by the middle of this century. More significantly, there is a trend 

for UHII to gradually increase annually. This may be caused by global warming and climatic change 

(Yumino et al., 2015). Hotter climate causes higher UHII, such as the UHII difference between Rome 

and Hong Kong. It is a problem becoming more and more severe, which is increasingly influencing 

urban life. A huge number of global inhabitants are affected by UHI. Most seriously, UHI could lead 

to an increase of in mortality rates. Investigations show that UHI accounts for  around 1/5 of mortality 

(Taylor et al., 2018). That is why so many people research UHI. Exploring methods for addressing 

UHI is a universally compelling mission for immediate implementation. 

 

Admittedly, there are also some optimistic effects from UHI. It can reduce the energy demands in 

some colder cities of the US (Lowe, 2016). Nevertheless, this benefit is too little to mitigate its 

negative impact in warm weathers. UHI is mostly a negative phenomenon in human society, for 

which, it is needed to consider how to avoid, rather than accept. The main impacts of UHI can be 

summarised in three aspects. They are health problems, thermal discomforts, and over consumption of 

energy. Mitigating UHI could improve quality of life at least these three elements. 

 

1.1.3 Urban design strategies to mitigate UHI 

 

Considering the remarkably negative influences of UHI, many investigators have studied elements 

relating to it, to find out mitigation strategies. However, to find the measures for mitigating UHI, 

clearly understanding it is necessary. Through Figure 3, UHI is caused by a number of factors, 

including high building density, low vegetation cover, lack of open space, and waste gas emission. In 

regards to these, there are relevant methods developed against UHI. 
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Figure 3. Illustration of UHI happening (Sharifi and Lehmann, 2015) 

 

Yamashita et al. (1986) have proved that high SVF (sky view factor, an idea exhibiting space 

openness) is a cause of UHI, for SVF is positively correlated with air temperature. Ca et al. (1998) 

said that the temperature of park grass surface is nearly 2°C lower compared with surrounding asphalt 

lands. Bowler et al. (2010) found that parks were nearly 1°C cooler than others, which is affected by 

greenspace area. Wong et al. (2011) pointed out that cooling effect varies with ratios of different land 

coverings. Srivanit and Hokao (2012) thought that urban land surface temperature can increase with 

the increases of relevant to floor area ratio, building coverage ratio and building density. Feyisa et al. 

(2014) indicated that vegetation species, canopy covering, park size and geometry all have relevance 

with park cooling intensity (PCI). Kong et al. (2014) discovered that urban temperature can be 

decreased by an increase in area of forest vegetation and their spatial arrangement. Doick et al. (2014) 

pointed out that a vital factor that mitigates UHI was urban vegetation space, and the extent of 

temperature reduction decayed exponentially with increased distance from these spaces. Brown et al. 

(2015) used urban modelling to show that parks are an efficient method for breeding cooling island. 

Bakarman and Chang (2015) discovered that higher Height/Width (H/W) Ratio results in higher land 

surface temperature in warm weathers. Shades was discovered as the most effective factor for 

temperature decrease by Hwang et al. (2015)  through ten park measurements in Singapore. Hu et al. 

(2016) said that high-density urban areas have higher intensity of UHI, which means that lower 

building density can reduce UHI performance. Lin et al. (2017) found that parks had lower 

temperatures than surrounding districts, with high tree coverage the main reason for that. Higher land 

usage can mitigate UHII for it creates more shade. Nouri et al. (2017) discovered central SVFs present 

a very high priority for public space design interventions, but lateral SVFs are necessary for thermal 

attenuation.   Dai et al. (2018) modelled parks in Beijing centre, discovering that water area and index 

of parks resulted in remarkable temperature decline. In contrast, areas of buildings as well as main 

roads had the opposite effect. Normalised Difference Vegetation Index (NDVI), Buffer Range and 

Distance, Park Size and Shapes are all important cooling effects of parks, which were proved by 

Chibuike et al. (2018) through investigation in Abuja. Chatzipoulka et al. (2018) thought SVF should 

be considered in building design as it is functional to evaluate solar irradiation of facades. Feng and 

Shi (2012) analysed thermal infrared remote sensing data, finding that parks with a water area 

https://www.google.com/url?sa=i%26rct=j%26q=%26esrc=s%26source=images%26cd=%26ved=2ahUKEwjHvbOEjK3fAhXHEHIKHbfoAbIQjRx6BAgBEAU%26url=https://www.sciencedirect.com/science/article/pii/S2095263517300432%26psig=AOvVaw2vEWYEmOP7pu9Lf2_xrsfA%26ust=1545350127018823
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proportion above 30% have more significant temperature reduction performance, and the cooling 

distance is also farther. Herrmann and Matzarakis (2012) stimulated the street design at Freiburg, 

presenting the relationship between urban configuration and climate, confirming that mean radiant 

temperature (MRT) is different for the design and planning factor difference, such as the change of 

canopy orientation. Nazarian et al. (2017) improved a 3D numerical model to predict thermal comfort 

evaluated by standard effective temperature (SET), proving the effects of urban design factors on 

thermal environment, areas with less shades have higher SET values. Gómez et al. (2013) researched 

natural and ecological effects of urban design at Valencia, finding out that water surface provides 

cooling effect to both their location and surroundings, while physiological equivalent temperature 

(PET) is a great index to support their study. Yan and Dong (2015) revealed that air temperature can 

be reduced by 2.6°C when increasing vegetation coverage from 0 to 1 during the daytime. These 

studies have addressed the issues caused by UHI in a variety of aspects.   

 

Factors mentioned above are all related to design and planning. But in fact, UHI is also linked with 

many other elements, including urban size, population and urban climate. For example, air 

temperature rises with the increase of urban area in Tokyo (Takebayashi and Senoo, 2018). Larger 

urban population results in higher UHII in 11 famous cities of the world (such as London, Berlin and 

Reading) (Oke, 1973). Regional climate is also a factor that cannot be ignored, which affects the 

range of UHII (Tran et al., 2006). To acquire more profound and detailed discoveries, it is necessary 

to simplify and narrow down the study scope, hence this paper involves design and planning factors 

(space arrangement and landscaping) only instead of engaging all relevant domains. 

 

1.1.4 Roles of parks in UHI mitigation 

 

It can be seen from the reviewed studies, in UHI mitigation in the last section, factors relating to parks 

take up a huge proportion. Some information of them has been abstracted and listed in Table 1.  

Urban parks, an important UHI mitigation, as well as social, place in cities, have been considerably 

involved in UHI studies. Strategically, governments are using a series of green spaces and urban parks 

in cities to create green corridors for better habitability and sustainability. It is imperative to conduct 

UHI research to examine the cooling effect of these urban parks and to find influential factors that can 

help government planners and architects design and manage the urban parks to this effect.  

 

Table 1. A brief literature review of UHI studies showing cooling effects in urban parks (Most evaluated by AT and a few by 

LST, MRT, and PET) 

Authors 

and Years 

Cities Climate 

Zone 

Methodologies Indicator 

and cooling 

performance 

Factors Comments 

Ca et al. 

(1998) 

Tokyo Cfa Physical 

Measurement 

2℃ (AT) Materials Contribution of 

parks in 
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cooling is 

related to 

material 

properties 

Bowler et 

al. (2010) 

Taiwan Cfa Physical 

Measurement 

0.94℃ (AT) Parks, 

Vegetation, and 

Roofs  

Parks’ cooling 

effect results 

from 

greenspaces 

Wong et 

al. (2011) 

Singapore Af Simulation 1.1℃ (AT) Ratio of Various 

Material 

Covering 

Height and 

density of trees 

have the most 

impact 

Feyisa et 

al. (2014) 

Addis 

Ababa 

Cwb Measurement 

and satellite 

thermal 

remote 

sensing 

6.7℃ (AT) Vegetation 

Species, Canopy 

Covering, Park 

Geometry 

Type of 

vegetation, 

canopy, and 

park forms are 

related to 

cooling effect  

Doick et 

al. (2014) 

London Cfb Physical 

Measurement 

4℃ (AT) Trees, Large 

Greenspaces 

Parks can cool 

London up to 

4°C depending 

on distance. 

Brown et 

al. (2015) 

Kuala 

Lumpur, 

Lahore, 

Alice, 

Kyoto, and 

Toronto 

Af, Bsh, 

Bwh, 

Cfa, and 

Dfb 

Simulation 6℃ (AT) Shades, Park 

Sizes, Trees  

Parks are 

functional to 

create cool 

island  
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Hwang et 

al. (2015) 

Singapore Af Physical 

Measurement 

- Vegetation, 

Materials, and 

Shade 

Shade shows 

better effect but 

no obvious 

correlation 

Lin et al. 

(2017) 

Hong 

Kong 

Cwa Physical 

Measurement 

2.58℃ (AT) Vegetation, 

Land Use 

Indicator, Parks 

Parks are 

cooler than 

surroundings 

Dai et al. 

(2018) 

Beijing Dwa Simulation - Areas of Several 

Elements  

Areas of Water, 

Vegetation, and 

Parks Reduce 

Temperature  

Kong et al. 

(2014) 

Nanjing Cfa Physical 

Measurement 

3℃ (LST) Vegetation 

Area, 

Vegetation 

Patch Size and 

Density, Mean 

Patch Radius of 

Gyration of 

Forest 

Vegetation   

Urban 

vegetation 

spaces can 

effectively 

reduce air 

temperature 

Chibuike 

et al. 

(2018) 

Abuja Aw Physical 

Measurement 

0.56 to 

1.56℃ 

(LST) 

NDVI, Buffer 

Range and 

Distance, Parks 

and Their 

Elements 

Results show 

all involvement 

factors are 

correlated to 

park cooling 

intensity 
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Onishi et 

al. (2010) 

Tokyo Cfa Physical 

Measurement 

7.26℃ 

(LST) 

Land Use/Land 

Cover 

The role of 

vegetation 

covering on 

UHI mitigation 

Herrmann 

and 

Matzarakis 

(2012) 

Freiburg Cfb Simulation More than 

10℃  (MRT) 

Canopy 

Orientation  

MRT can be 

varied by 

canopy 

orientation 

change 

Gómez et 

al. (2013) 

Valencia BSk Physical 

Measurement 

PET Water Surface Water surface 

and its 

surroundings 

are cooler 

 

It can be seen clearly in Table 1, there are a variety of factors relating to UHI, mitigate or increase it. 

They include such factors as vegetation, material properties and space openness. These results are all 

deducible. Vegetation is always a natural air conditioner for thermal environment adjustment (Coast 

Adapt, 2017). Plants, biologically, transpire significant volumes of water, nearly 150 L/day, 

producing a cooling effect equivalent to that of air conditioners. Meanwhile, they also block solar 

radiation on lands, which cools down surface air. Materials have various specific heat capacity values, 

which means the energy needed to increase air temperature in a certain unit (Evans, 2016). Under the 

same conditions of solar radiation, temperatures of different materials change differently, resulting in 

a temperature difference to the adjoining object. This is a theory resource of UHI phenomenon, for 

urban areas and suburban areas are usually covered in different materials. Space openness is a 

complex principle. On the one hand, low openness avoids sunlight gain and creates shading spaces, 

which prevents air temperature rise. On the other, low openness hinders effective heat release, causing 

temperature increase. Hence space openness is a complex aspect needing further discussion (Gargasz, 

2010). 

 

Parks play significant roles in urban thermal environment adjustment, as a park’s temperature is 

usually lower than its surrounding areas. The cooling effect of one park, the temperature difference 

between the park and its reference (such as a surrounding location), has a similar significance with 

UHII. It is defined as park cooling intensity (PCI) in this paper, which is calculated by the park 

temperature minus that of the reference, shown as ∆T. A cooler park has a negative value, whereas a 
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positive value occurs in a warmer one. A lower ∆T means better cooling performance of one park. 

PCI is affected by a variety of variety of physical, regional, and climatic elements, just like UHII. 

 

1.2 Climate and geography of Gold Coast, Australia 

 

1.2.1 Australian climate 

 

The brief literature review of UHI studies highlights that the UHII and park CI are closely related to 

specific urban and park conditions. Their results from one group cannot be broadly applied to other 

cities or towns. It is necessary to expand the UHI literature to include more case studies with relevant 

data and evidence. Australia is a large country with various climate zones. Northern parts of this 

country have hot and humid summers but are and dry in winters. In contrast, southern parts are cooler. 

They have cool, mild, or neutral summers and sometimes rainy winters. Australia is the opposite from 

the Northern Hemisphere seasonally. During summer months in Australia, December and January, the 

North Hemisphere is experiencing winter. 

 

Southern areas of the continent are generally more temperate to warm with summer temperatures 

fluctuating between 25 and 30℃, and winter temperatures ranging from 5 to 10℃. Typical mountain 

climate occur in the southeast regions, such as Tasmania and the Australian Alps. They have to suffer 

from extreme harsh winters. Snow is common around the whole year at the highest peaks. Central 

areas have extremely different climate conditions. They are desert and bush, which reaches 50℃ or 

even higher with very little rain-fall for years. Sometimes tropical cyclones emerge on northern coasts, 

resulting in hurricanes and rainstorms during summer terms from November to April. In general, 

climate in Australia can be divided into seven parts, which are Aw, BSh, BWh, Cf, Cfb, Cfa and Csb. 

(All information above in this section is from (Weather Online, 2018)).  

 

The regional population does not distribute around all regions of this country, instead, it mainly 

dwells on the coasts. Hence the scope of climate research in this country can be narrowed down. 

Combining the information of two images in Figure 4, it can be seen that climates relating to human 

habitation in Australia are only predominantly subtropical and temperate. As temperate is preferred by 

most people of the world, subtropical is the main climate that impacts dwellers, which happens in the 

Gold Coast.  
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Figure 4. Distribution of population and climate in Australia (Glenn, 2015; Rosendahl, 2012) 

 

Nationally, Australia is a warm country suffering from more thermal discomforts, rather than neutral 

comforts. Annual extreme temperatures of each capital city are listed in Table 2 (Aussie Specialist 

Program, 2018). It can be seen that, there is more warm weather, and winter is not cold. So it can be 

summarised, Australia has an overall warm climate all year around and, reducing temperature can 

create more thermal comforts for local residents. 

 

Table 2. Extreme average temperatures of main cities 

City Summer Average Temperature (℃) Winter Average Temperature (℃) 

Sydney 26 16 

Cairns 26 18 

Hobart 21  

Canberra 28 11 

Melbourne 25 14 

Brisbane 30 17 

Broome 33 27 

Adelaide 29 16 

Perth 31 19 

 

1.2.2 Introduction to the Gold Coast  

 

The Gold Coast is a city with a large number of natural and metropolitan parks. This study will focus 

on this city, aiming to identify the cooling effect of coastal urban parks. The Gold Coast (Fig. 5) is a 

tropical city located on the eastern coast of Queensland, Australia (28° S, 153° E). Apart from that, 

the geographical pattern of this city is special as well (Fig. 6). Urban areas with high-building 

coverage are all coastal, while suburban ones covered by more trees are inland. What will be the key 

factor affecting local urban climate? It is hard to predict. Its urban climate should be a meaningful 

https://blog.id.com.au/wp-content/uploads/Australia-Population-Grid.jpg
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phenomenon worthy to study. There are three key elements of the Gold Coast that highlight the 

necessity of this study, its urban parks, coastal location, and subtropical climate. 

 

The Gold Coast is a naturally well vegetated city. It is home to more than 1730 species of native 

plants, which makes it the most biodiverse city nationally. Some of its vegetated lands are recognised 

internationally, including World Heritage-listed Gondwana rainforests and Ramsar Convention-listed 

coastal wetlands. Natural landscapes (waterfalls, open forests, freshwater and tidal wetlands, sand 

dunes and long stretches etc.) inspire a huge number of people to dwell, travel, and run businesses. 

Urban biodiversity partly occurs in places of interest and picturesque native vegetation groups. 

According to the variation of soil conditions, geographical form, and also climate, specified 

vegetation grows in groups. This helps biologists to understand the growing demands of each plant 

and aids gardeners to create the correct conditions for vegetation in their own garden or to select 

suitable plants for planting. (City of Gold Coast, 2018a) 

 

For this nice condition, there are many areas with native existing vegetation, which are circled as 

urban parks for local people’s outdoor enjoyments. 

 

 

Figure 5. Geographical location of the Gold Coast on the eastern coast of Australia 
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Figure 6. City pattern of the Gold Coast (The above one is from (ABARES, 2018) while the follow is advanced from Google) 
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1.2.3 City features  

 

UHI also varies in physical conditions. Every city, with its unique size, shape, population and 

geographical location, has its individual UHI condition. This is mainly exhibited by their variety of 

UHII values. 

 

Several researchers have verified the difference of UHII in different city patterns. Bonacquisti et al. 

(2006) measured that the UHII of Rome is nearly 5℃ in summer, which is caused by energy balance 

and heat storage due to city geometry and material thermal properties. The UHII of Manchester 

(Skelhorn et al. (2016)) reaches around 8℃, but this level could be reduced by urban landscaping, 

such as increasing vegetation spaces, including parks, street trees or green roofs. A study implemented 

by Memon et al. (2009) proved that urban heating of Hong Kong results from the complexity of urban 

structure, for example, the distribution buildings, roads, parks or vegetation, for they have various 

effects on heat absorbing and releasing, a UHII of higher than 10℃ is recorded here. Schwarz et al. 

(2011) even discovered that UHII would be different if another indicator was used. 

 

From an analysis of the results above, it can be deduced that the UHII of a hot domain should be 

higher than the temperate and cold ones. Subtropical climate is characterised by high temperatures 

year around. The Gold Coast is geographically located between latitude from 20 to 40 degree N and S. 

From being geographically close to the equator, it has very high temperatures during summers, 

averaging around 27℃ in the warmest month, with the mean daily maximum between 30℃ and 38℃ 

(Getis et al., 1998). The Gold Coast has extremely hot and long summers (Evers, 2009), hence local 

residents have to suffer from long-term thermal stress every year, especially those who have to work 

in exposed environments. An extreme maximum temperature of 40℃ has been recorded (Table 3). 

And what is worse, with the inevitable global warming, the whole region of Australia is under a 

condition of continuous temperature increase (Fig 7). The Gold Coast is a coastal and subtropical city, 

which is rarely formally explored climatically. Urban climate characteristics and the UHII of the Gold 

Coast have not been well researched and documented.  

 

Table 3. Temperature data records of the Gold Coast from 1992 to 2017 (Elders Weather, 2017) 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

High Max 

(°C) 

38.5 40.5 36.3 33.3 29.4 27.1 28.9 32.4 33 36.8 35.5 39.4 

Low Max (°C) 22.8 22.3 22.2 19.3 17 14.5 15.6 15 16.9 17.5 19.8 20.9 

High Min (°C) 26 27.3 26.2 23.8 21.8 19.1 21.8 19.4 20.7 22.7 24 24.9 

Low Min (°C) 17.2 17.2 13.4 8.9 6.6 3.8 2.5 4.2 7.9 9.4 8.2 14.7 
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Figure 7. Temperature change in Australia during the latest century (Climate Change in Australia, 2016) 

 

Some scholars have shown that a water body is a significant factor influencing UHI as well. Sun and 

Chen (2012) discovered that a water body area is positively related to urban cooling intensity, but it is 

also negatively correlated to urban cooling efficiency. Du et al. (2016) found that the water-cooling 

effect is relevant to geometry, vegetation proportion, and the surface are, a wider river has farther 

cooling distance than a narrow one. Yang et al. (2015) thought that in one place, the proportion, size, 

and the isolation of water body all have high correlation with land surface temperature. Li and Yu 

(2014) have researched vegetation spaces and lakes, discovering that area, landscape shape index, 

ratio, altitude and distance to lake are all factors affecting cooling effect, despite parks having a better 

effect than lakes. Their studies acquired various results relating to water body performances. As 

coastally located, the sea is a huge natural water body for the Gold Coast.  

 

Overall, the reviewed studies have demonstrated that UHI is a complex phenomenon influenced by a 

wide range of factors. These elements (natural or artificial) vary urbanely, including quantities, scales 

and distribution. As all cities differ in those factor, each of them, has their own properties of UHI, 

necessitating their independent study.  

 

1.3 Objective and significance 

 

Due to the negative effect of UHI, urban areas are usually warmer than their surrounding suburban 

ones. In regards to the reviewed studies, vegetation space and water body are the key factors that cool 

https://www.google.com/url?sa=i%26rct=j%26q=%26esrc=s%26source=images%26cd=%26ved=2ahUKEwijl9yWo63fAhULeysKHVDcDjUQjRx6BAgBEAU%26url=https://www.climatechangeinaustralia.gov.au/en/climate-campus/australian-climate-change/australian-trends/%26psig=AOvVaw3MDR_ZFxmLoHi6rk8Vh5_G%26ust=1545356343705096
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down urban environment. In modern grey cities, parks are the main vegetated spaces with water 

bodies, why is confirmed by Feyisa et al. (2014), Brown et al. (2015), and Hwang et al. (2015). 

However, these factors are functional in several properties, including coverage, size, scale, distance 

etc. For a coastal city, the sea is an unneglectable water element, which might have some effect. 

Which factor has a more significant influence on urban microclimate, the sea or the vegetation, and 

how does each factor cool down the urban thermal environment? It is a question to be answered in 

this study. This study is conducted to answer the question about park design factors and their 

influences on parks’ thermal performance. To answer this question, park analysis will be involved. It 

is a case study according to locality, using data and evidence, while integrating methods in reviewed 

literatures. This study focuses on a number of parks, each with unique design factors, including tree 

density, park size, location, and so on, which will be used as variables for analysis. As mentioned in 

the papers, parks are functional in UHI mitigation. This study aims to explore thermal environments 

of 18 parks, comparing them with some metropolitan data, to find the thermal performance of each 

park and its design factors.  The aim of this study is to find the thermal effect of each variable.  

 

1.4 Thesis structure 

 

For a comprehensive investigation, this study will be divided into several steps, each of them with a 

certain objective. This study aims to explore strategies of UHI mitigation in a group of parks, their 

performance will be evaluated by several indicators, including park cooling intensity (PCI), mean 

radiant temperature (MRT), and physiological equivalent temperature (PET). PCI is the temperature 

difference between measured parks and a reference, evaluated as ∆T. ∆T is calculated by the air 

temperature of the park minus that of the reference, which is similar with UHII. Thermal environment 

are evaluated MRT and PET, which will be introduced in the Chapter 3. For more profound and 

detailed discoveries, this study is separated into four parts, as follows:  

 

Objective 1: Measuring data to calculate parks’ thermal environment based on the literature review, 

there are three performing indicators selected for representing parks’ thermal performance, which are 

PCI, MRT, and PET.  

 

Objective 2: Quantifying park design factors based on the literature review, there are three factors 

reflecting parks’ physical factors, which are park tree coverage (PTC), park size (PS, surface area), 

sky view factor (SVF), and distance to the sea (DTS). 

 

Objective 3: Associating thermal performance (∆T, MRT, and PET) of each whole park with their 

design factors (PTC, PS, and DTS) through multiple linear regression. 

 

Objective 4: Associating thermal performance of each point (∆T, MRT, and PET) with their location 

factors (SVF and DTS) through multiple linear regression. 
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Objectives 3 and 4 are the key parts of this study. Objective 3 considers every measured park as a 

whole. There are 18 parks measured, each with its own physical features, which are park tree 

coverage (PTC), park size (PS) and distance to the sea (DTS). They will be used as variables for 

regression with ∆T, MRT, and PET. Objective 4 analyses every measurement point of the park 

independently, rather than studying each park as a whole. There are nine points selected to measure in 

every park. All points are different for their SVF and DTS, which will be also used as variables, for 

finding out their contribution on the three thermal indicators. 
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Chapter 2. Literature Review 

 

2.1 Introduction 

 

To solve the problems caused by UHI effect, an extensive review of relevant studies is needed, which 

provides theoretical support for this study. The problem to address in this stage is to explain the 

occurrence of UHI scientifically. Every practical theme is an extension and development of single or 

multiple subjects in science. UHI, a natural and social phenomenon, is related to heat, energy, climate, 

and human activities, which are related to physics, biology, sociology, geography etc. Hence it is a 

topic closely linked with these mentioned subjects. This chapter is divided into several parts in 

missions and involved themes. Section 2.2 is a review of basic scientific knowledge related to UHI. 

Section 2-3 will review some relevant studies of UHI mitigation strategies. This chapter is a 

foundation of whole study, including both practical examples and theory principles.  

 

2.2 Relevant scientific areas of UHI 

 

Each topic cannot exist independently without relying on a scientific subject. As has been discussed 

before, UHI is a complex relevant issue with a number of elements, which could be distributed in 

various knowledge areas. Understanding these subjects is helpful to address problems results from 

UHI. This section will deeply analyse several subjects correlated to UHI.  

 

2.2.1 Heat budget of the Earth 

 

Earth heat budget refers to the amount of energy that flows into and out of the earth. Understanding it 

is helpful to address many problems, such as global warming. Knowing how the earth balances its 

energy can provide insight into how the acquired energy affects the earth. Balance is a good condition 

of heat energy budget and it can be exhibited in an equation: 

 

Energy in = Energy Out 

 

Energy budget of the earth is important for global climate. The earth temperature can be kept 

relatively constant in a balanced budget condition, without overall average temperature increase or 

decline. Heat energy to the earth comes from solar radiation. Apart from the part absorbed by land 

surface species, the rest would be reflected back into space. 

 



 
25 

 

However, owing to the features of the earth surface, heat energy cannot be lost. Due to the existence 

of atmosphere, sometimes the reflected heat energy is re-emitted downwards, returning to the earth 

surface again. As a result, the amount of Energy Out is usually smaller than that of Energy In. 

Meanwhile, with the effect of human activities, energy balance is harder to reach. In urban areas, for 

the densely gathering of population, large amount of carbon dioxide is generated, which avoids heat 

loss. Consequently, energy imbalance occurs, resulting in temperature rise. This is one cause of UHI 

emergence. (All information of this section is from University of CALGARY (2018)) 

  

2.2.2 Specific Heat Capacity (SHC) and Heat Transfer  

 

2.2.2.1 Specific Heat Capacity 

 

When substances are heated, they acquire heat energy. Their atoms and molecules increase their speed, 

gaining kinetic energy. If an object is heated or cooled, its temperature change depends on its mass 

and forming material, which is evaluated by a property called Specific Heat Capability (SHC) 

(Bitesize, 2018b). SHC is the amount of energy demand for temperature increase for one kilogram of 

mass by 1℃  (Dusinberre, 1961). SHC is calculated by an equation (Zhou and Ni, 2008): 

 

Q = mc∆T,   Equation (a) 

 

Where Q (kJ) is the heat energy, m (kg) is the mass of substance, c (kJ/kg*℃) is the SHC value of 

each material and, ∆T (℃) is temperature change of one material. Every material has its own SHC 

value, some common ones are exhibited in Table 4 (Wagman et al., 1982). (Gallo et al., 1995) 

 

Table 4. SHC values of some common substances 

Substances SHC Value (kJ/kg*℃) Density (D, kg/m3) 

Water 4.186 997 

Soil  0.8-1.48 (Depending on Wetness) 2650 

Concrete 1.00 2400 

Timber 2.3 630 

Air 0.716 1.225 

 

2.2.2.2 The effect of SHC value difference on climate 

 

Due to the effect of SHC, different substances require various amounts of energy for temperature 

change, which depends on the mass, the substance, as well as the desired temperature change 

(Bitesize, 2018a). The SHC of water is 4186 J/kg/℃, meaning taking 4186 J to increase the 

temperature of 1 kg water by 1℃. In the modern world, urban areas are mostly covered by concrete 
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while suburban ones are mainly covered by soil, which is known to all. It has been shown in the table 

above, soil has a higher SHC value than concrete. That is to say, under the same warm weather 

conditions, surface temperature of urban materials rise more the nonurban ones (A). That is a basic 

discipline for the occurrence of UHI.  

 

Figure 8. General city pattern 

 

In accordance with Equation (a), it can be deduced that ∆T=Q/mc. Hence in a unit volume area in 

Figure 8, it could acquire that ∆T=Q/vDc, the ∆Ts for water (∆Tw), concrete (∆Tc), soil (∆Ts) districts 

would be as follows: 

 

∆Tw=Q/(v*997*4.186)=0.00024Q/v (A) 

∆Tc=Q/(v*2400*1)=0.00042Q/v (B) 

∆Ts=Q/(v*2650*1.14)=0.00033Q/v (C) 

 

Though the equations above, it can be see that ∆Tc>∆Ts>∆Tw (2), which means the description in 

sentence (A) is correct. It is also proved in Figure 9.  
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Figure 9. Specific heat capacity affects temperature change on water and land (Olson, 2016) 

 

2.2.2.3 Heat Transfer  

 

Heat can be transferred from one place to another in a few ways, conduction, convection, and 

radiation (NASA, 2018). Among them, conduction is the most relevant to the climate of coastal cities. 

Conduction happens when two objects have contacting with each other. Heat will automatically flow 

from the warmer one to the cooler one until they have the same temperature. It is heat movement 

through a substance by molecules collision. At their point of contact, the faster moving molecules of 

the warm object collide with the slower cooler ones, resulting in energy transfer. This could also be 

seen as a process of kinetic energy loss and gain, which continues until that energy spreads throughout 

the cooler object. Substances conduct energy differently. Solids are stronger in conducting heat than 

liquids, while gases are the weakest among them all. When a liquid object comes in contacts with a 

solid when they have different temperatures, heat transfer takes place.  

 

In coastal cities, with regards to the heat transfer phenomenon, the climate effects caused by 

surrounding environments are more complex. If an urban area directly contacts the ocean, its climate 

would be affected by another physical phenomenon, which is Heat Transfer (HT). HT means that heat 

energy can transfer from a hotter to a cooler object when touching interactively (Arpaci and Arpaci, 

1966). Two objects with differing temperatures always interact (Kreith and Black, 1980). When 

studying coastal city climates, impacts of HT are vital (Siegel, 2001).  

 

2.3 UHI mitigation in the aspects of urban design and planning 

 

Section 2.2 has explained the occurrence of UHI with a background of physics. It is good theoretical 

support for further exploration on its UHI mitigation strategies. Although it is a complicated 

phenomenon affected by a variety of factors, there are a series of obvious elements with natural 

cooling effects. One is shading. Canopies, natural or artificial, block strong solar radiation, avoiding 

too much surface solar heat gain. Hence canopied shaded areas are usually cooler than open spaces. 

Another is water body. As described in the last section, water has the highest SHC value. It has less 

temperature increase than other objects, despite being exposed to the same sunlight level. It is able to 

cool down the surrounding environment through heat transfer and heat consumption due to 

evaporation. Vegetation is the last one. It may have the most significant performance in 

https://4.bp.blogspot.com/-HRZs8n4nitM/W5OrwG7JQmI/AAAAAAAACVE/sxKI9Legl6w_BStcQpfNzvsp20Om22QgQCLcBGAs/s1600/sea+breeze.jpg
https://4.bp.blogspot.com/-sF85WrW3lkk/W5OsXKr7DpI/AAAAAAAACVM/ZCcduIGwYHoPe25cCFfgg1Xude6sbqgfwCLcBGAs/s1600/land+breeze.jpg
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environmental cooling. This part will discuss elements relating to canopies and land use, as water 

body has been analysed in the last chapter. 

 

2.3.1 Urban shading 

 

Urban planning principles based on scientific research have been transferred into design knowledge 

for designers and planners. It can be seen in the design and planning specifications and standards. 

This shows the significance of research work. Nevertheless, with the complexity of urban planning, it 

is difficult to reflect research outcomes through the aspect of design. To simplify and standardise the 

evaluation, simple ideas that illustrate the circumstance of urban design and planning are used. Here 

some of them relevant to this study will be discussed. Urban shading is influenced by a variety of 

physical conditions. 

 

2.3.1.1 Sky View Factor (SVF) 

 

SVF refers to the ratio of visible sky at one point within a hemisphere centred over the location (Fig 

10). Generally, SVF ranges from 0 to 1, which means the level of light radiation from the sky. When 

SVF is one, there is neither short-wave radiation, nor long-wave nocturnal interference. In contrast, if 

SVF is above zero, there would be reflection and radiation acquired in various ways. As it is as 

natural property, SVF influences energy balance, which holds significance in climatology, linking it 

with UHI (Khartwell, 2017).  

 

The effect of SVF is a complex process. Generally, low SVF in a forestry area refers to higher 

vegetation coverage, resulting in nice cooling performance. In contrast, in a built-up area, low SVF 

blocks warm air release, causing warmness. The full effect of SVF on UHI is a complicated question 

needing more comprehensive discussion. This problem has been studied by several scholars. 

Yamashita et al. (1986) proved that high SVF is a cause of UHI, for it is positively correlated to air 

temperature. Chatzipoulka et al. (2018) suggested that SVF should be considered in building design as 

it is functional to evaluate solar irradiation of facades.  Nouri et al. (2017) discovered central SVFs 

present a very high priority for public space design interventions, but lateral SVFs are necessary for 

thermal attenuation.  
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Figure 10. Process of forming sky view factor (Marcus White, 2015) 

 

2.3.1.2 Building density 

 

Building density means the number of residential units that can be constructed, in respect to the 

provision of the applied plan, expressed in figures of housing units in a standard land measurement. 

(Bimkom, 2018) Building density is usually higher in urban areas. It was recorded that denser 

building areas usually have higher temperatures than the lower ones in a same city (Chapman, 2018).  

 

In the aspect of urban planning, building density is an index evaluating land usage of one area (Fig 

11). Higher building density usually means less open space. It breeds more shades while impacting 

gathered heat release. In the aspect of UHI study, the effect of building density is complex, despite it 

mostly causing regional temperature increases. The relationship between building density and UHI is 

also shown through studies. Jusuf et al. (2007) discovered that industrial, commercial and residential 

lands are hotter than parks, due to their building density and type variations. Kłysik and Fortuniak 

(1999) proved that a windless area suffers from higher UHII, which is relevant to high building 

density. Oke (1988) found that traditional European urban forms are preferred than the modern, for 

their open geometry, which is also low density. 
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Figure 11. Explanation of building density  (Michael de Bouw, 2014) 

 

2.3.1.3 Floor Area Ratio (FAR) and Height to Width Ratio (H/W) 

 

FAR is a way to express the relationship between the useable building on the site and the size of the 

site (Seattles Land Use Code, 2011). A higher FAR in general means more intensity of utilisation on 

the site. Compared with building density, FAR is linked with building height, which can more 

accurately reflect land use condition. Higher FAR means either, denser building coverage or more 

height. It accurately reflects regional shading level, space compactness, housing unit number etc. In 

that case, it is a variable directly affecting UHI, which is proved by Srivanit and Hokao (2012).  

 

H/W is another idea illustrating the space use condition of one area, which is frequently used in UHI 

studies. It is calculated by dividing the height of one object by the open-space distance between two 

objects. For instance, a building 30m high is 15m away from another one, H/W of the land space is 

30/15=2.0. Goh and Chang (1999) discovered that planning flats with wide space related to their 

height would have lower UHII.  

 

2.3.2 Land surface formation 

 

2.3.2.1 Land cover and land use 

 

Land cover documents how much a region is covered by vegetation, water, farming lands etc., 

whereas land use refers to how residents use the land, including development, conservation; or mixed 
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use (NOAA, 2018). The two ideas are both relevant to UHI. Land cover shows the effect on UHI 

through the land’s natural properties, while that of land use is exhibited by artificial actions. People 

could determine land cover through analysing satellite as well as aerial imagery, which provides 

information for clearly understanding the current landscape. It is illustrated in maps, helping managers 

with planning. Land cover and land use can both provide information about current land covering 

materials. For instance, a natural native land should be covered by soil, water, or vegetation, whilst a 

used land could be used as a concrete construction area, asphalt road; or a park. These surface 

materials would have different temperature change situations under the same level of solar radiation, 

since they have unique physical properties. Consequently, lands variously covered or utilised have 

various heat intensity. That is to say, land cover and land use are closely linked with UHI. 

 

In fact, UHI relating to land cover and land use has been researched frequently. Zhou et al. (2011) 

pointed out that balancing the amount of different land cover features and optimising their spatial 

configuration can mitigate UHI. Chen et al. (2006) found that temperatures are negatively correlated 

with Normalised Difference Vegetation Index (NDVI) but positively relevant to Normalised 

Difference Build-up Index. Pielke Sr et al. (2007) even discovered; that changes to land cover and 

land use will affect regional climate, such as rainfall. 

 

2.3.2.2 Vegetation (Native and Artificial) 

 

Vegetation means forests and woodlands. They are functional as cooling environments in warm 

weather, which is a simple and efficient method in UHI reduction. Trees, a kind of plants, are able to 

adjust the thermal environment through shading and evapotranspiration. While shade reduces land 

surface temperature (LST) by 20℃ compared with the unshaded materials in peak temperature 

periods, top summer temperature could be declined by 1-5℃ through evapotranspiration (Epa, 2016). 

Cooling theory of plants is also illustrated in Figure 12, as the significant effect of vegetation. Susca et 

al. (2011) discovered that plants and their surface albedo play an important part in thermal resistance. 

Weng et al. (2004) suggested that the areal measure of vegetation is more corresponded to LST. Gallo 

et al. (1993) found that the difference of temperature between urban and suburban areas is caused by 

their NDVI variation.  

 



 
32 

 

 

Figure 12. Cooling effect of plants 

 

2.3.3 Study scope identification 

 

There are also other elements relevant to UHI. Oke (1973) has shown that the effect of population size 

is positive. Levermore and Parkinson (2014) said that regional climate causes UHI variation. Land-

use type is a factor as well. An industrial building can cause warmer temperatures than a residential 

dwelling for it emits more waste gas in manufacturing (Guardian, 2011). Nevertheless, in one study it 

is not possible to assess all aspects comprehensively. As the professional context and the belonging 

field of UHI, this study engages one aspect of UHI, which is outdoor thermal environment. It only 

involves factors relating to that aspect, which are design, planning; and landscaping only, without 

further scientific (such as geography) investigation. Hence there would be more profound and novel 

discoveries obtained.  

 

2.4 The role of urban parks 

 

As mentioned before, natural vegetation and landscape have a positive effect on urban climate, which 

mostly occur in a city as parks. A number of scholars have also studied the performances of parks on 

UHI mitigation. They will be shown and discussed as follows.  

 



 
33 

 

2.4.1 Effect of vegetation 

 

Vegetation is one key element of parks, which varies by type and dimensions. Amani-Beni et al. 

(2018) studied every park element of the Olympic Park in Beijing. It has a UHII of 4.5℃ in summer 

times. Parks are both cooler and more humid, generating more thermal comforts. The temperature 

decline effects of cluster trees with short land grass are stronger than a single tree, while irrigated 

vegetation has the same cooling influence as a water body. Actually, they collected a variety of 

climate related data, including relative humidity and air temperature. The contribution is evaluated by 

temperature reduction and humidity increase. ∆T is the index reflecting cooling intensity, which is the 

temperature difference between the observation site (TG) and a reference (TC). Their observed 

elements include trees, buildings and grasses. Subjectively, they also included people’s feeling, which 

is the thermal comfort of each location. The combination of objective and subjective factors can 

distinguish the thermal effect of every material. Similarly, Yang et al. (2017) analysed how 

subtropical urban parks affect people’s thermal comforts. They collected a variety of climate data 

from several parks around Taipei, uncovering the cooling efficiency of park vegetation elements. 

Through comparing them with PET, they found the optimistic effects of vegetation coverage. A 

similar discovery was made by Guo et al. (2015), who biologically analysed the formation of each 

land material layer to analyse its link with land surface temperature. It is known to all, parks are 

various with the outer spaces by covering materials. The difference of material physical properties 

results in different temperatures and thermal feelings. 

 

2.4.2 Variation of land covering  

 

Nevertheless, parks are not only distinctive for their covering materials, they can cool the atmosphere 

through humidity and shading. Li et al. (2011) implemented a case study relating to landscape 

structure in Shanghai. This research used land surface temperature and the index, with a large number 

of variables, including NDVI (McFarland, 2013), vegetation fraction and land uses and areas. Apart 

from similar results with other reviewed papers, they found that effects of landscape also differ by 

building coverage and height, and summers have stronger mitigation performances. Zhang et al. (2013) 

implemented more detailed research at Shenzhen with a duration of one year from 2010 to 2011. They 

focused on the data of every single object in details to find its correlation with climate adjustment, 

which included canopy density and area and tree height. They discovered that these variables are 

linked with temperature reduction and relative humidity increase through spatial regression. Higher 

trees and buildings both create more shades, avoiding too strong sun lighting. Plant landscapes are 

mainly functional for their biological effects, such as evaporation. 

 

2.4.3 Other aspects 

 

There are also investigations involving other aspects. Cao et al. (2010) measured a large number of 

parks around Nagoya, Japan. Through comparison and analysis of all park features and collected 

temperature data, they discovered that cooling intensity is positively related to park area, despite their 

effects are different seasonally. The cooling performances of other relevant elements (trees, shrubs, 
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park compactness etc.) are all different seasonally. This result may be caused by the variation of 

climate in different seasons and biological change. As the seasons change, there are different weather 

conditions. The performance of elements would vary. Yu and Hien (2006) simulated building energy 

load based on the effect of parks through observation. They selected more than ten points around a 

park, proving that lower temperatures not only happen within a parks, but also their surrounding built-

up areas. The cooling effect of parks is closely linked with plant density. Parks can alter their 

surrounding areas by increasing air humidity. These results are understandable. Large-scale parks cool 

the environment more strongly and steadily. They can affect the surrounding places through heat 

transfer effect. 

 

2.4.4 Study gap of reviewed papers 

 

The reviewed papers all demonstrated the positive effects of parks on the thermal environment and 

they acquired similar outcomes. The performance of vegetation is exhibited in various ways, such as 

density, area, coverage etc. The effects of a water body are associated with size and distance. Shaded 

spaces are always cooler than exposed ones. In fact, their results are similar, despite different 

approaches. Tree density as well as area in an area in unit both show its coverage. They are also 

related to shading creation. Tree and waterbody can affect air humidity too. That is to say, they have 

obtained the same result, by a variety of methods and aspects. It is common in them that water body, 

canopy, and vegetation are the three key factors in UHI mitigation. However, the three factors are 

functional differently in different contexts. And also, most of studies engaged the cooling effect of 

each factor independently, rather than combining them. Therefore, it is necessary to continue this 

study to involve some special-geographical cities, such as the ones with natural huge water body and 

well vegetated. 

 

2.5 Hypothesis 

 

In this section the scientific theoretical foundations of UHI are reviewed. Furthermore, relevant 

studies about improving urban climate are reviewed and compared. As the essence of this paper is 

identifying the significance of parameters in urban design, planning and landscaping, statistics based 

on physical measurement are significant. Sections 2.2 and 2.3 provide a more extensive literature 

review supporting the factors mentioned in 2.4 with scientific evidence. This part serves as a solid 

footing for design and planning options in this study. Admittedly, there are still a variety of factors 

influencing urban microclimate, including city structure, geography, weather, and human activities 

(Grimmond et al., 2010), which are not involved. However, a broader study range results in more 

complicated work and less outcomes. In order to acquire more detailed and novel discoveries, a 

focused and simplified study is needed. This study therefore focuses on urban thermal environment in 

the aspects of design, planning, and landscaping only. Parks’ thermal performance and design factors 

are the keys of this study. 

 

In regards to that, parameters for mitigating UHI to create better thermal environment could be 

grouped into three dimensions, which are shading, water body; and vegetation. In urban areas, lands 
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are mainly used for roads, parking and buildings, which are hardened by concrete, cement or asphalt. 

Despite high-density building blocks creating large areas of shade, the cooling effect is much less than 

their warming performance due to heat gathering. For the strategies of urban forestry and vegetating, 

cooling elements are mostly gathered in parks. Meanwhile, in a coastal city, the sea is also a natural 

cooling resource. Hence for each park, with their unique physical features, there are various thermal 

influences included for detailed analysis. There are 18 measured parks in this study that vary in tree 

coverage, area, location, while each point of them has only one SVF value. It can be predicted that 

denser-tree, larger, and coastal parks will have better thermal performance in this study. 

 

It has been described in some reviewed papers, on warm days, tree shade and water body have 

superior effects on thermal environment. For whole parks, tree coverage, size and location are their 

unique design factors, which are used as variables for analysis. Park geographical locations have few 

speciality. Yet with a huge water body to the east of all parks, it is necessary to analyse whether the 

sea has any effect on them. Hence their locations will be documented as their distances to the sea. 

Also, every park was measured in 9 points, each of them with its own SVF value. SVF values, as a 

factor that represents park shading level, affect parks’ thermal environments. The sea, as a natural 

huge waterbody, is also functional in climate conditioning. Nevertheless, how trees, park areas, SVF 

and the sea commonly affect thermal environment, has not yet been explored. There are three 

indicators used to evaluate park thermal environment, PCI (∆T), MRT, and PET (MRT and PET will 

be explained later). This study will investigate the parks and all their points to achieve the following 

targets: 

 

i. Identifying the relationship between PCI  (∆T) and design factors (PTC, PS, and DTS) of 

each whole park; 

ii. Identifying the relationship between MRT and design factors of each whole park;  

iii. Identifying the relationship between PET and design factors of each whole park; 

iv. Identifying the relationship between PCI (∆T) and design factors (SVF and DTS) of park 

points; 

v. Identifying the relationship between MRT and design factors of park points; 

vi. Identifying the relationship between PET and design factors of park points. 

 

In accordance with acquired results, it can be found how each factor (vegetation, water body and 

environmental space openness) influences urban thermal environment and human comforts. The Gold 

Coast is a subtropical city where residents suffer from long and hot summers. Discoveries on climatic 

adjustment relating to local environment will be theoretical supports for further urban planning in the 

aspect of thermal comfort. 
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Chapter 3. Methodology 

 

3.1 Introduction  

 

The last chapter has discussed the scientific theory of UHI phenomenon. In regards to that, there are 

relevant methods developed toward this study. In Chapter 2, most reviewed study outcomes are 

evaluated by indices and variables on certain geographical sites, which are identified in this chapter. 

Chapter 3 initially introduces and explains the variables and indices analysed in this study and then 

introduces the selected measured physical fields. The process of whole research are introduced in 

detail afterwards. 

 

3.2 Research design  

 

3.2.1 Variable controlling 

 

As mentioned in the section 1.1, UHII of each city is affected by a variety of factors, and this study 

engages the aspects of design and planning. For the Gold Coast, physical structure, city pattern, 

building density and vegetation coverage are involved elements. Nevertheless, as a modern developed 

city, some of its properties are fixed, hence unchangeable. For instance, the total urban building area 

cannot be considerably changed soon, for it matches the city population size. So it is impossible to 

change the construction circumstances for mitigating UHI, despite it being closely linked with UHII. 

On the contrary, regional vegetation coverage is flexible and controllable. Dense planting could be 

encouraged and promoted in the public. Furthermore, for the Gold Coast, the sea is a natural huge 

water body with a clear cooling effect. People can choose to dwell closer or further away from the sea. 

Therefore, vegetation condition and geographical locations are variables influencing urban climate 

and residents’ quality of life. In regards to that, measurements for this study are proposed as follows: 

 

 Regional vegetation (or a type of plant that has certain cooling property) coverage 

 Cooling element size (surface area) 

 Distance to the cooling resource (the sea) 

   

3.2.2 Park design factor selection 

 

A number of relevant studies have confirmed that vegetation space (Chang et al., 2007) and water 

body (Yu et al., 2015) are the most important thermal adjustment factors. Their performances depend 

on coverage (Yan and Dong, 2015), size (Theeuwes et al., 2013),  and distance (Hamada and Ohta, 

2010). In regards to that, these factors could be used as variables, for supporting this study.   
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The proposed variables are confirmed to be significant to climate adjustment by some studies, 

including Kong et al. (2014), Amani-Beni et al. (2018), and Wong et al. (2011). To acquire statistical 

data, this study will select a number of areas differing in these factors, which are urban parks varying 

in plant condition, geographical location, and surface area. In accordance with these requirements, 

there are 18 parks selected for further investigation. These parks are covered by grass, but vary in tree 

covering, distance to the closest coast, and footprint area. Therefore, the variables are identified as 

park tree coverage (PTC), park size (PS), and distance to the sea (DTS).  

 

3.2.3 Description of measurement sites 

 

This study engages 18 parks. Each park has general ordinary facilities for people’s leisure, such as 

drinking fountains, toilets and seats. Some of them provide special services, such as picnic or 

barbecue facilities there. Children are also welcome as some parks have play equipment. They are 

nice urban spaces enriching people’s social community and personal activities. Apart from the 

walking paths covered by stone or cement, nearly all parts of the parks are vegetated with lawns with 

a certain numbers of trees, which creates very nice natural environments. This ensures a high 

attendance of local residents to enjoy themselves. People can have a good time in the parks through a 

variety of outdoor activities, such as walking their pets, boating, barbecues, picnics and walks. These 

parks considerably enrich local residents’ daily life, as they are a good space for enjoyment. Hence it 

is very necessary to evaluate them for their performance on attendants’ thermal comforts. This study 

aims to mitigate thermal problems caused by a regional subtropical climate by creating higher-quality 

action environments for public-space occupants. Studying these space is a key way to approach that. 

Due to the uniqueness of each park, they will be introduced independently, which is illustrated as 

follows. Tables mainly list the images of parks’ measured SVF and landscape views. Apart from the 

information provided by City of Gold Coast (2018a), City of Gold Coast (2018b) and Google Maps, 

other data in this section is acquired through physical measurement and survey. 

 

3.2.3.1 Introduction to all of parks 

 

Musgrave Park  

 

Musgrave Park is located on Musgrave Avenue at Southport. It is a residential district close to the city 

centre. This park is rich in facilities for various activities, including off leash dog exercise, barbecues 

and picnic. Mostly significantly, it is densely covered by trees. As for the whole footprint area, it is 

fully vegetated apart from the footpath. It is also home to the Musgrave Community Garden. It has a 

surface area of around 17.99 hectare in total. Off leash dog exercise and barbecues are suggested 

activities. Images for point SVF and nearby street view are exhibited as follows:  
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Table 5. Images of SVF and landscape view for Musgrave Park 

Musgrave Park Fisheye Images for SVF and Google Street View 

   

  
 

Tenth Avenue Park 

  

Tenth Avenue Park is relatively small in size. It is coastally located and surrounded by houses. Since 

it is far from the city and small in size (1 hectare), it lacks activity facilities. Local residents prefer to 

enjoy themselves on the beach despite the park being well shaded by dense trees and have a rest. It 

can be seen from the following table.  

 

Table 6. Images of SVF and landscape view for Tenth Avenue Park 

Tenth Avenue Park Fisheye Images for SVF and Google Street View 
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 Sun Valley Park 

 

Sun Valley Park is a local neighbourhood park with a fenced playground, which is located on Parasol 

Street, Ashmore. It is a wonderful sporting area. In addition to the ground, dogs off the leash are 

allowed and fitness stations and picnic tables are all well placed. A dense covering of trees creates a 

nice thermal environment in warm weather. Walking with dogs off a leash, fitness and physical 

activities are suitable here. It is a nice outdoor activity space for surrounding residents. 

 

Table 7. Images of SVF and landscape view for Sun Valley Park 

Sun Valley Park Fisheye Images for SVF and Google Street View 

   

  
 

Ward Park 

 

Ward Park is situated in a residential district in Southport. It is a nice little fenced park (9.88 hectare) 

with children’s play equipment. As in the local area, it is good selection for people who prefer 

quietness and tree shade, especially for those who have own children. 

 

Table 8. Images of SVF and landscape view for Ward Park 

Ward Park Fisheye Images for SVF and Google Street View 
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Macintosh Park 

 

Macintosh Park is a great space located in the centre of Surfers Paradise, which is a very popular spot 

for spot, picnics or family gatherings. Most of Gold Coasters remember it from their childhood since 

it has a long existed. There are several slides, various climbing equipment, as well as swings in the 

park, creating an enjoyable children’s playground. People can picnic, barbecue or take a walk here. 

 

Table 9. Images of SVF and landscape view for Macintosh Park 

Macintosh Park Fisheye Images for SVF and Google Street View 

   

  
  

Matthew Prior Park 

 

Matthew Prior Park is located far from the urban area and coast, at Low Drive, Upper Coomera. It is 

small (1.2 hectare) and poor in equipment. A pavilion meets individual’s resting demands while a few 

trees shade the area. 
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Table 10. Images of SVF and landscape view for Matthew’s Prior Park 

Matthew Park Fisheye Images for SVF and Google Street View 

   

  
 

Cavil Park  

 

Cavil Park is located on Cavil Avenue, Surfers Paradise. It is the only one in an office area and very 

small (0.13 hectare). The only element differentiating it from surroundings is a small number of trees. 

It is the smallest of the parks analysed. An office worker could take a rest here after a long day. 

 

Table 11. Images of SVF and landscape view for Cavil Park 

Cavil Park Fisheye Images for SVF and Google Street View 
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Arthur Earle Park  

 

Arthur Earle Park is a recreation environment with a skate and BMX facility. Pacific Highway is the 

transition area of the city. Visitors and local inhabitants can enjoy themselves through skating, boating, 

barbecuing, and picnicking here. Disability toilets are provided. It is really a picturesque space for 

people of different age levels. 

 

Table 12. Images of SVF and landscape view for Arthur Earle Park 

Arthur Earle Park Fisheye Images for SVF and Google Street View  

   

  
 

Harry Brown Park  

 

Harry Brown Park has a playground and picnic facilities. There are some special factors, hence dogs 

are not allowed to enter. Its location, Tulip Street, is in Miami, where Burleigh Golf Club is located. 

 

Table 13. Images of SVF and landscape view for Harry Brown Park 

Harry Brown Park Fisheye Images for SVF and Google Street View 
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Lionel Perry Park 

  

Lionel Perry Park is for people who like outdoor picnics and a water surface. Its location, Peninsular, 

is a boating entertainment area on the Nerang River. A playground with for children and picnic 

facilities are also provided on the grounds.   

 

Table 14. Images of SVF and landscape view for Lionel Perry Park 

Lionel Perry Park Fisheye Images for SVF and Google Street View 

   

  
 

Crocker Park  

 

Crocker Park is a small park (2.14 hectare) but full of outdoor activity facilities. It is located on 

Markeri Street, Mermaid Waters. Apart from some general facilities, such as picnic tables, barbecues, 

and a playground, petanque is specially preferred here. 
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Table 15. Images of SVF and landscape view for Crocker Park 

Crocker Park Fisheye Images for SVF and Google Street View 

   

  
 

Evandale Park  

 

Evan dal e Park is located in the city centre (Ouyan Street, Surfers Paradise), which is a beautiful 

place for a stroll, a picnic, swimming or jogging. Being big in size (19.16 hectare), it has a number of 

facilities, including a fenced playground, a fitness station, picnic areas and a scenic viewpoint. It is 

suitable for nippers training and recreational swimming. Picnics, barbecues, boating and walking are 

encouraged here. 

 

Table 16. Images of SVF and landscape view for Evandale Park 

Evandale Park Fisheye Images for SVF and Google Street View 
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Ingle Park  

 

Ingle Park is a local neighbourhood park located on Old Coach Road, Tallai. It is the biggest one 

(54.34 hectare) and is a good selection for children with, its playground equipment. Nevertheless, its 

facilities are relatively poor, which does not match the big size. Only fitness activities, barbecues and 

picnics can be had here. 

 

Table 17. Images of SVF and landscape view for Ingles Park 

Ingle Park Fisheye Images for SVF and Google Street View 
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Neddy Harper Park  

 

Neddy Harper Park is located in Surfers Paradise (Gold Coast Highway). It is great for a stroll with 

dense trees and a footpath. Picnic tables and a playground enrich local people’s activities despite 

being small in size (1.81 hectare).  

 

Table 18. Images of SVF and landscape view for Neddy Harper Park 

Neddy Harper Park Fisheye Images for SVF and Google Street View 

   

  
 

Neal Shannon Park  

 

Neal Shannon Park is also a recreation park located in Surfers Paradise. As it is small in size (0.74 

hectare), it is not preferred by local residents to visit. Nearby there is a river and Paradise Island. 
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Table 19. Images of SVF and landscape view for Neal Shannon Park 

Neal Shannon Park Fisheye Images for SVF and Google Street View 

   

  
 

Woodroffe Park  

 

Woodroffe Park is located in the central business district, on Lawson Street, Southport. The park has 

normal features such as picnic tables and a playground. Southport Community Centre is within this 

park as well. 

 

Table 20. Images of SVF and landscape view for Woodroffe Park 

Woodroffe Park Fisheye Images for SVF and Google Street View 
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Apple Park  

 

Apple Park, Ferny Avenue, is a great area in the midst of busy Surfers Paradise with a nice view over 

the river. There are sculptures displayed here for special events. Individuals can also enjoy themselves 

through boating or a walking.   

 

Table 21. Images of SVF and landscape view for Apple Park 

Apple Park Fisheye Images for SVF and Google Street View 
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Doug Jennings Park  

 

Doug Jennings Park is managed by the Transport and Main Roads Department of Queensland. It is 

also a nice place for boating, located on Sea World Drive. For the convenience of visitors shower 

service facilities are provided here. 

 

Table 22. Images of SVF and landscape view for Doug Jennings Park 

Doug Jennings Park Fisheye Images for SVF and Google Street View 

   

  
 

3.2.3.2 Comparison of park information 

  

All parks are different in three specific properties, the distances to the sea (Fig. 13), park size, and tree 

density (coverage), which are included in this study as the main influential factors for urban heat 

island effects and climate conditions. Table 23 summarises the three design factors for all parks, 

which are mainly used in Objective 3. All features are calculated through using Google Maps (Fig. 

14), importing images with certain scales into AutoCAD for area and ratio calculation. Other relevant 

information was acquired from the local council. There are seven parks highly covered by trees (more 

than 50% tree coverage); eight ones are coastal (within 1000 meters to the sea); nine are small-size 

ones (less than 20,000 m², 2 h). It can be seen from the table, each park has unique properties. The 
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ones similar in tree coverage have various distances to the sea. They therefore are worthy to compare 

for further analysis. 

 

 

Figure 13. Geographical locations of all parks and Griffith Station 

 

Table 23. Features of the 18 urban parks (ranking in tree coverage) 

Park Names Measurement Date  Tree 

Coverage 

Distances to 

Sea (m/km) 

Park Areas 

(hectare) 

Park Tree 

Area (hectare) 

Musgrave 06/02/2018 0.85 2090/2.09 

17.99 
15.29 

Tenth Avenue 05/02/2018 0.8 408 /0.408 

1.00 
0.80 

Sun Valley 07/02/2018 0.8 4000/4 

11.44 
9.15 

Ward 12/02/2018 0.75 3240/3.24 

9.88 
7.41 

Macintosh 19/02/2018 0.7 276/0.276 

8.88 
6.22 

Matthew 22/01/2018 0.7 13300/13.3 

1.20 
0.84 

Cavil 12/01/2018 0.7 474/0.474 

0.13 
0.09 

Arthur 20/02/2018 0.45 8980/8.98 

4.28 
1.93 
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Harry Brown 13/02/2018 0.4 1430/1.43 

1.03 
0.41 

Lionel Perry 16/01/2018 0.3 844/0.844 

2.09 
0.63 

Crocker 23/01/2018 0.3 1400/1.4 

2.14 
0.64 

Evandale 21/02/2018 0.25 1550/1.55 

19.16 
4.79 

Ingle 14/02/2018 0.25 9700/9.7 

54.34 
13.58 

Neddy 01/03/2018 0.15 508 /0.508 

1.81 
0.27 

Neal 30/01/2018 0.15 458 /0.458 

0.74 
0.11 

Woodroffe 17/01/2018 0.15 1600/1.6 

1.04 
0.16 

Apple 15/01/2018 0.15 541/0.541 

0.73 
0.11 

Doug 24/01/2018 0.1 750/0.75 

7.60 
0.76 
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Figure 14. The boundary of the 18 parks and the nine-point grids for the measurement 
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3.2.4 Reference data from meteorological stations 

 

UHII is defined as the temperature difference between urban and its surrounding rural areas. PCI, 

being similar with UHII, is calculated similarly. Therefore, it is important to find a reference 

temperature to evaluate PCI. The selected reference should be comparable, while being able to 

represent the thermal performance of all parks.  

 

As a result, it needs to meet some special requirements. Initially, the reference station cannot be 

cooler than the parks. A cooler reference means parks are warmer than the other urban environment, 

which conflicts with the aim of this study. In addition, the reference should not be too far from the 

parks geographically. All parks are distributed not too far from each other around the urban area 

despite a variation of locations. So park temperature differences are only affected by their specific 

physical features, rather than geographical factors. A reference station too far from the city is 

valueless for comparison.  

 

Originally, there are four weather-stations that collect weather data in the Gold Coast region selected, 

which are Coolangatta, Seaway, Griffith, and Beaudesert. As shown in Figure 15, two stations are 

located in the urban/coastal area, which are Seaway and Coolangatta; the Griffith station is situated in 

the suburban/transition area, and Beaudesert is in the rural/inland area where denser vegetation 

coverage and fewer dwellings are found. The four stations have different regional densities of 

buildings and vegetation. All parks are distributed around the city. The research has harvested weather 

data from the four stations during the period of time when parks measurements took place. As for 

planning elements, Seaway and Coolangatta are both coastally located whereas Beaudesert is too far 

from the park distribution are. Hence Griffith would be the most suitable reference option, for its 

neutral location, which is neither too far nor too close to the sea. 
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Figure 15. Geographical locations of four weather stations 

 

3.2.5 Indicator identification 

 

The last section has shown the factors associated to UHI, which has been confirmed in this study and 

some authors. This section needs to identify correspondence indicators that are correlated to the study 

aim. Relationships between indicators and their corresponded variables are questions to answer in this 

study, which will give theoretical direction for further design and planning work for creating better 

urban thermal environments. This study aims to explore methods of UHI mitigation for improving 

thermal environment in a coastal city. UHI level is evaluated by UHII, meaning the temperature 

difference between urban and suburban areas. Hence the effect of UHI mitigation could also be 

illustrated by the reduction of UHII. Selected studied parks in this research vary in several design 

factors, which would affect their thermal effects. Also, UHII and cooling performance can both 

measured by air temperature, so this factor will be one element of measurement. This study involves 

three indicators, one is available to evaluate cooling effect, park cooling intensity (PCI), which is 

calculated by park temperature minuses that of reference, evaluated as ∆T. Moreover, as UHI mainly 

impacts residents’ thermal comforts, other indices relevant to that are needed. Mean radiant 

temperature (MRT) and physiological equivalent temperature (PET), values representing human 

thermal comfort level, are other indicators. Therefore, parameters for MRT and PET calculation (air 

temperature, relative humidity, and air velocity) are the key contents of measurement.  

  

3.3 Process of data collection 

 

3.3.1 Instrument 
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All park data is collected by a Testo 480 (Fig. 16), a high-end VAC measuring instrument, used by 

consultants, experts, technical service providers and service technicians in the field of ventilation and 

air conditioning for all measurement missions. A variety of parameters (temperature, humidity, 

pressure, radiated heat etc.) can be recorded through it. (Global-Test, 2018) 

   

Figure 16. Photos of Testo 480 (Global-Test, 2018) 

  

3.3.2 Data use 

 

3.3.2.1 Each whole park measurement 

 

There were 18 parks around the Gold Coast (28° S, 153° E) climatically measured between January 

and March 2018 (summer in Southern hemisphere). All parks vary in location, size, and tree coverage. 

Each park was measured at 9 points by a Testo 480 (Ross and Koschnitzke, 1993) and a Fisheye 

(Sarkar and Brown, 1994) between sunrise and sunset, with every point measured three times, 

morning, midday and afternoon. Original measurements include air temperature (AT), air velocity 

(AV), relative humidity (RH), global temperature (GT), and sky view factor (SVF).  

 

The measurement time took place during summer time in the Southern hemisphere; specifically, it 

spanned from 12/01/2018 to 01/03/2018. Each park was measured on one whole day from around 

9:30 to 18:00. The nine points were selected by using rigid grids in regards with park geometry as 

well as distributions of plants and footpaths, mostly reflecting the whole physical features of a park. 

Each point was measured three times a day, in the morning (9:30 to 12:00), midday (12:30 to 15:00), 

and afternoon (15:30 to 18:00), maintaining order from Points 1 to 9 during each timestamps. There 

were some slight differences in each day’s start time, yet no considerable influence. At each 

timestamp, 15 minutes of continuous measurements took place. To increase the accuracy of the 

measurements, the average value of the 15-minutes of measurements was calculated for each 
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timestamp (morning, midday and afternoon). In total, there is a cluster of 27 (3 times a day at 9 points) 

measurement data for every park. The instruments were around 1.5 m above the ground. 

 

3.3.2.2 Single park point measurement 

 

Apart from whole parks, all points within the park have their unique factor, which is SVF. SVF 

represents the openness of the space. In the environment of parks, it is an idea reflecting density of 

trees or canopies. A distance to the sea of each point is the distance of park (measured on Google 

Maps, (Overy and Sullivan, 2005)). These data is listed in Table 24. 

 

Table 24. Certain physical information of all parks 

Park 

Names 

Map Images Selected Fisheye 

Photography 

Number 

of Point 

SVF Park 

Distances to 

the Sea (km) 

Cavil 

  

1 0.2501 0.474 

Doug 

 
 

2 0.6310 0.75 

Sun Valley 

  

3 0.2274 4.00 

Apple 

 
 

2 0.4250 0.541 

Harry 

Brown 

 
 

3 0.1947 1.43 

Lionel 

Perry 

 
 

4 0.4252 0.843 
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Woodroffe 

 
 

5 0.5468 1.60 

Tenth 

Avenue 

  

6 0.2331 0.408 

Ward 

 
 

7 0.0711 3.24 

Crocker 

 
 

8 0.6465 1.4 

Evandale 

 
 

9 0.7667 1.55 

Macintosh 

 
 

3 0.3749 0.276 

Matthew’s 

 
 

1 0.0445 13.3 

Musgrave 

 
 

1 0.1351 2.09 

Arthur 

 
 

5 0.2421 8.98 

Neal 

 
 

1 0.5870 0.458 
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Ingle 

 
 

5 0.8009 9.7 

Neddy 

 
 

1 0.3563 0.508 

 

The measurement of one single points took place during a time span of nearly 15 minutes each time, 

hence totally 45 minutes. All measured data is analysed on their average values. Meanwhile, as all 

parks were measured on different days, which have various weather conditions, a fixed reference is 

necessary. There were four meteorological weather stations at various districts selected for 

comparison. One of them (Griffith Station) is chosen as the fixed reference after some further analysis. 

 

3.3.2.3 Task division 

 

This study will be divided into two parts. One focuses on whole parks, while another analyses each 

measurement point. To evaluate the parks’ effects of UHI mitigation, indicators are needed. This 

study aims to find out the thermal effect of every park, PCI (∆T) is used as one index, which is 

calculated by the park temperature minus the reference. ∆T is analysed in two parts, which are the 

cooling effects of every park and that of each point respectively. As UHI is closely link with people’s 

thermal comforts, other indices are related to that, which are MRT and PET. In fact, there are only 

two fixed physical variables for all of the points, which are SVF and geographical location. They 

reflect space openness and distance to the sea (DTS) of each point. Points of one park are not far from 

each other, so their DTS is that of the locating park. This paper finds out the relationship between 

indicators and design factors. Among all, PTC, PS, DTS are variables for Objective 3, while SVF and 

DTS are that for Objective 4.  

 

3.3.3 Statistics of collected data 

 

3.3.3.1 Refinement of original collected data 

 

Collected data of all parks is refined as shown in Table 25. For example, the air temperature (AT) 

(27.9°C) of morning D1, originally acquired as 15 measurements, for it took place in a duration of 15 

minutes. 27.9°C is the average of the 15 values. All other data in this table is calculated in this way. 

WBGT has three figures in total (WBGT1, 2, and 3), morning WBGT of D1 (24.2°C) is also the 

average of those three figures (24, 24.2, and 24.4°C). 
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Table 25. An example of use data (Musgrave Park) 

Musgrave 

Park 

Time 

Span 

Ta(℃) hPa Humidity 

(%) 

WBGT 

(℃) 

Tg 

(℃) 

Air 

Velocity 

WBGT 

1 

WBGT 

2 

WBGT 

3 

D1 Morning 27.09 1017.15 53.6 24.2  29.8  3 24 24.2 24.4 

D2 28.5 1017.33 52.8 23.8  31.2  1.1 23.7 23.8 23.9 

D3 27.05 1017.02 56.36 23.6  30.4  0.5 23.7 23.6 23.5 

D4 29.8 1016.95 50.63 26.9  36.7  1.6 26.8 27.1 26.7 

D5 26.87 1016.33 53.58 24.3  29.7  1.3 23.1 23.2 26.7 

D6 27.65 1016.88 53.21 22.7  32.6  0.6 23.3 22.6 22.1 

D7 27.26 1016.58 53.33 23.5  30.7  2.7 23.8 23.4 23.2 

D8 26.81 1016.1 54.89 22.8  28.9  0.6 23.1 22.9 22.5 

D9 26.88 1015.42 55.49 23.7  30.0  1.3 23.7 23.9 23.6 

D1 Middle 

Day 

25.63 1015.95 59.3 22.3  29.6  3.8 22.2 22.4 22.3 

D2 26.67 1015.98 57.35 22.3  29.3  2.1 22.3 22.4 22.3 

D3 25.93 1015.74 62.14 22.4  27.5  1.9 22.3 22.3 22.5 

D4 25.37 1015.5 62.71 22.7  26.0  1.3 22.7 22.7 22.6 

D5 25.23 1015.95 59.97 21.7  25.2  2.9 21.7 21.7 21.6 

D6 25.04 1016.57 61.58 21.1  26.8  2.4 21.2 21.1 21 

D7 24.35 1016.43 67.11 21.3  25.0  1.3 21.3 21.3 21.4 

D8 24.27 1016.14 67.22 21.1  24.3  0.3 21.1 21.2 21.1 

D9 24.09 1015.77 68.57 21.3  24.9  1 21.3 21.3 21.2 

D1 Afternoon 24.02 1016.67 63.27 20.8  24.6  1.7 20.7 20.8 20.8 

D2 23.84 1017.13 61.02 19.9  24.1  0.8 19.9 20 19.9 

D3 23.6 1017.05 62.2 19.7  23.3  0 19.7 19.6 19.7 

D4 23.46 1016.82 62.86 20.0  23.4  2.2 20.1 20 19.9 

D5 23.53 1017.16 63.05 20.0  23.3  1.5 20 19.9 20.1 

D6 23.37 1017.45 63.7 19.9  23.4  0 19.9 19.8 19.9 

D7 23.4 1017.43 64.55 19.9  23.2  1.2 19.9 19.9 20 

D8 23.38 1017.72 65.46 20.0  23.7  2 20 19.9 20.2 

D9 23.59 1017.66 62.58 20.0  23.1  1.8 20.1 20 19.9 

 

3.3.3.2 Refinement of reference data 

 

Some of the collected data of a Reference Station (Griffith) is illustrated in Table 26. The whole 

collection process was from December 2017 to March 2018, with ten values are selected for display 

here. The reference is used for data comparison to show the thermal effect of each park and its points, 

hence values of temperature, wind, and relative humidity are the keys. They are used to compare with 

the park data. 

Table 26. Part of Griffith data 

Line Date PAR, 

Griffith 

Wind 

Speed, m/s, 

Griffith 

Gust Speed, 

m/s, Griffith 

Wind 

Direction, 

Griffith 

Temperature, 

*C, Griffith 

RH, %, 

Griffith 

Solar 

Radiation 
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1 12/13/17 

11:06:00 

4 0 0 90 22.68 44.2 2 

2 12/13/17 

11:07:00 

4 0 0 90 22.66 44.2 2 

3 12/13/17 

11:08:00 

4 0 0 90 22.66 44.4 2 

4 12/13/17 

11:09:00 

4 0 0 90 22.68 44.3 2 

5 12/13/17 

11:10:00 

4 0 0 90 22.7 44.2 2 

6 12/13/17 

11:11:00 

4 0 0 90 22.73 44.2 2 

7 12/13/17 

11:12:00 

4 0 0 90 22.73 44.2 2 

8 12/13/17 

11:13:00 

4 0 0 90 22.73 44.1 2 

9 12/13/17 

11:14:00 

4 0 0 90 22.73 43.9 2 

10 12/13/17 

11:15:00 

4 0 0 90 22.7 43.9 2 

 

3.3.3.3 Deduction process of data comparison, ∆T calculation  

 

The comparison process of all data is illustrated in Table 27. It uses the measured data and exact time 

duration of each point. So the Griffith data of a same time span is chosen. PCI, ∆T (Park temperature 

minus that of Griffith), can be calculated here. PCI of a whole park is calculated by the average of all 

27 ∆T figures, while that of each point is calculated by its three figures of morning, midday, and 

afternoon.  

 

Table 27. Comparison of park data and the reference 

Musgrave Park Time Span Park 

Ta(℃) 

Griffith 

Ta (℃)  
Date Time 

∆T (Park Minuses 

Griffith, ℃) 

D1 Morning 27.09 27.08 6-Feb-18 11:49-12:04 0.01 

D2 28.5 27.03 6-Feb-18 12:10-12:24 1.47 

D3 27.05 26.08 6-Feb-18 12:34-12:49 0.97 

D4 29.8 26.58 6-Feb-18 12:51-13:06 3.22 

D5 26.87 26.93 6-Feb-18 13:12-13:27 -0.06 

D6 27.65 26.75 6-Feb-18 13:33-13:48 0.9 

D7 27.26 26.83 6-Feb-18 13:58-14:13 0.43 

D8 26.81 26.85 6-Feb-18 14:20-14:35 -0.04 

D9 26.88 26.15 6-Feb-18 14:39-14:54 0.73 

D1 Middle Day 25.63 26.08 6-Feb-18 15:00-15:15 -0.45 

D2 26.67 26.64 6-Feb-18 15:21-15:36 0.03 

D3 25.93 26.25 6-Feb-18 15:43-15:58 -0.32 

D4 25.37 26.39 6-Feb-18 15:59-16:14 -1.02 

D5 25.23 25.9 6-Feb-18 16:19-16:34 -0.67 

D6 25.04 25.88 6-Feb-18 16:40-16:55 -0.84 

D7 24.35 24.81 6-Feb-18 17:02-17:17 -0.46 

D8 24.27 24.62 6-Feb-18 17:21-17:36 -0.35 

D9 24.09 24.43 6-Feb-18 17:37-17:52 -0.34 

D1 Afternoon 24.02 24.57 6-Feb-18 18:00-18:15 -0.55 

D2 23.84 24.15 6-Feb-18 18:19-18:34 -0.31 

D3 23.6 23.93 6-Feb-18 18:36-18:51 -0.33 

D4 23.46 23.78 6-Feb-18 18:52-19:07 -0.32 

D5 23.53 23.58 6-Feb-18 19:09-19:24 -0.05 
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D6 23.37 23.62 6-Feb-18 19:26-19:41 -0.25 

D7 23.4 23.63 6-Feb-18 19:42-19:57 -0.23 

D8 23.38 23.67 6-Feb-18 19:59-20:14 -0.29 

D9 23.59 23.58 6-Feb-18 20:17-20:32 0.01 

 

3.3.3.4 Data comparison 

  

All park data is compared with the reference (one of the four stations in Section 3.2.4) to find the 

thermal performances of each park, required for further analysis. However, throughout the whole day, 

temperatures of both parks and stations fluctuate, which results in comparison difficulty. There is one 

statistical way for simplifying and standardising the comparison work. For example, temperature data 

of Musgrave Park and Griffith is tabulated in Excel, which exports diagrams as shown in Figure 17. 

The dots show temperature values against each time point while the lines are their overall tendances. 

It can be clearly seen from this that Musgrave Park is not considerably cooler or warmer than the 

reference, for the orange line and the blue one crossed around the middle. On the contrary, if the 

orange line is above the blue line, it would be deduced that the park is warmer than the reference. This 

method is used to export some comparison figures. 

 

 

Figure 17. Forming process of comparison diagram 

 

3.3.3.5 An explanation of Boxplot reading 
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Some of the contents in this paper are explained in diagrams, Boxplot is a typical one, which is 

explained in Figure 18:  

 

Figure 18. A description of boxplot reading (Flowing Data, 2008) 

 

Upstairs Outlier means more than 3/2 times of upper quartile; Maximum is the greatest value apart 

from outliers; Upper Quartile refers to 25% of data greater than this value; Median means 50% of data 

is greater than this value; Lower Quartile refers 25% of data is less than this value; Minimum means 

the lowest value exempt outliers; and Downstairs Outlier refers less than 3/2 times of lower quartiles. 

(Flowing Data, 2008) 

 

3.4 UHI evaluation indicators, Objective 1 

 

This study is divided into four parts. Their contents will be slightly different but internally connected. 

Each part has indicators and variables for introducing their results. Every indicator is used in each of 

them.   

 

3.4.1 Park cooling intensity (PCI) 

 

PCI is used in the analysis of all parks and every point. As mentioned before, the measurement of 

every park took place within one whole day, with every point measured at three times with a duration 

of nearly 45 minutes in total. Point temperature is calculated by the average of all measurement 
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minute figures, whereas park temperature is calculated by the average of its all points. The reference 

data is acquired in the same way through choosing the data from all measurement periods. As Griffith 

is selected as the reference, PCI is calculated by AT of parks minus that of Griffith, which is exhibited 

as ∆T. A negative value of ∆T means that the park is cooler, and a lower ∆T means better cooling 

effect.     

 

3.4.2 Mean radiant temperature (MRT)  

 

Thermal comfort is an idea relating to UHI. In warm weathers, UHI breeds thermal stress, which has 

been mentioned in section 1. Hence mitigating UHI can improve thermal comfort. There are studies 

showing that human’s thermal comforts are influenced by several factors, including air temperature, 

air velocity, relative humidity, surrounding objective temperature etc. (De Dear and Brager, 1998). 

With the diversity of factors, it is hard to evaluate the level of thermal comfort accurately. To simplify 

and standardise the evaluation of thermal comfort, some thermal indices that combine objective 

(environment) and subjective (human) factors have been developed, such as PMV (predictive mean 

vote), SET (standard effective temperature), OUT-SET (Outdoor SET), MRT (mean radiant 

temperature),  and PET (physiological equivalent temperature) (Gao et al., 2015). Every index has its 

own suitable environment. For instance, PMV suits indoor areas and PET is adapted outdoor spaces 

respectively. In outdoor spaces, MRT is also a reliable index highly reflecting thermal comfort of the 

environment (Thorsson et al., 2007). Furthermore, PMV and SET are formed through combination of 

objective records and subjective responses (Nikolopoulou and Lykoudis, 2006), whilst MRT is 

calculated on objectively measured data only (INNOVA, 2002). As the better match for study, MRT 

is utilised as an index in this paper. It is calculated by an equation (Xi et al., 2012), which contains AT, 

AV, and GT as variables. 

 

MRT = [(< 𝜃𝑔 > +273) 4 +
1.01X108<𝑉> 0.6

𝜀𝐷0.4 (< 𝜃𝑔 > −< 𝜃 >)]  1/4 − 273 (°C), Equation 1  

 

where θg, V, θ, ε, and D refer to the globe temperature (°C), wind velocity (m/s), air temperature (°C), 

emissivity (0.95), and the diameter of the globe thermometer (0.15 m), respectively. 

 

3.4.3 Physiological equivalent temperature (PET) 

 

PET is another objective parameter calculated by AT, RH, AV, and MRT (Honjo, 2009), which can 

be met by the acquired data in this measurement work. It was advanced by Höppe and Mayer (1987). 

According to their study, PET is defined as equivalent air temperature at which, in a typical indoor 

condition heat balance of the human body exists (work metabolism 80 W of light activity, and 

clothing of 0.9 clo). There are several studies involving relationship between PET and residents’ 

thermal comforts, which found that PETs are preferred differently in different regions. For instance, 

PET value from 18-23°C is considered as neutral in the EU, while Taiwanese think that range as cool 

(Gao et al., 2015).  
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PET is suitable for a broad range of real outdoor conditions despite it is the equivalent temperature 

under a virtual indoor condition. It is used for the prediction of thermal element change for regional 

climates. RayMan, a software developed by Matzarakis et al. (2007), is the tool that calculates PET 

easily. The RayMan model is a Windows-based software with the code written in Delphi. The model 

offers several estimation and input possibilities. In this study, only the estimation method of PET 

calculation is described. The relevant variables, including AT, AV, RH, and MRT, are input into 

RayMan window to export its PET value. The process of using RayMan to calculate PET is shown in 

Figure 19. RayMan is also available to calculate other indicators, including PMV and SET, yet PET is 

the only index involved by it in this study. RayMan calculation of PET were successfully 

implemented by Matzarakis et al. (2007), Daneshvar et al. (2013), and Deb and Ramachandraiah 

(2010). 

 

 

Figure 19. Output window of the Rayman 

 

3.5 Park design factors, Objective 2 

 

3.5.1 Factors for whole parks 
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As mentioned before, all parks vary physically and geographically. In regards to the reviewed studies, 

parks mitigate UHI through several factors, which are vegetation, water body and shading. The impact 

of the three factors is influenced by area, density, coverage, distance etc. In this study, all measured 

parks are covered by trees, more or less. Meanwhile, while they are located around a coastal city, the 

sea is by no means a huge waterbody for all of them. However, due to the variety of locations 

(distances to the sea), the ocean should affect every park differently. Also, all parks are different in 

size, which means a variety of vegetation areas. In total, all parks are distinctive in regards to three 

design factors, which are park tree coverage (PTC), park size (PS), as well as distance to the sea 

(DTS). All data is acquired from Google maps. Due to council administration, a boundary of each 

park can be seen from Google maps. 

 

3.5.2 Factors for points, distance to the sea 

 

As they are distributed throughout parks, all points are unique in their locations against the water body. 

They have different DTS. Nevertheless, in one single park, all points are not far from each other. 

Therefore, the DTS of each point refers to that of their locating park. For instance, the DTS of the 9 

points in Matthew Prior Park is only the DTS of the park, which is 13.3 km.    

 

3.5.3 Sky view factor and park sky view factor 

 

In addition to every whole park, each measured point has its own characteristics, SVF is a typically 

measured one. SVF refers to the ratio of sky that could be witnessed at one specific location 

(Johansson and Emmanuel, 2006). It is valued from 0 to 1, with 1 representing totally free spaces 

(Oke, 1973) (Oke, 2002), whereas 0 represents a fully covered location. An illustrated explanation is 

shown in Figure 20, the area ratio value of sky in it (the shaded area) refers to the SVF of the 

photographed place. 

 

 

Figure 20. Illustration of explaining SVF 
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For a more clear understanding, SVF can be calculated by the diagram and the equation below: 

 

 

Figure 21. Calculation equation of SVF (Nasrollahi and Shokri, 2016) 

 

𝑆𝑉𝐹𝑎 =  
𝑥

𝑦
𝜑𝑠 =

1

𝜋𝑅 2
 ∫  

 

𝑆𝑉
cos  𝜃 𝑑𝑆 , Equation 2 

 

All variables of Equation 2 are illustrated in Figure 21. 

Figure 22. Calculation of SVF from WinScanopy 
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Calculation of SVF is a complex process, which includes Fisheye photography (Frazer et al., 1999) as 

in Figure 22. It is the proportion of viewed sky area to that of the whole photographed round (Yi and 

Kim, 2017). The software for accurate calculation is called WinScanopy (WinScanopy, 2005), with 

Figure 22 exported from that program. 

 

Table 28. Relevance of SVF on UHI 

Design 

Factor 

Authors Effects on 

UHI 

Correlation 

with SVF 

Elements Involvement 

Field 

Tree Area Kong et al. (2014) Mitigation Negative Tree Park, Greenery, 

or Landscape 

Canopy 

Covering 

Feyisa et al. (2014) Mitigation Negative Canopy Park, Greenery, 

or Landscape 

Tree 

Coverage 

Lin et al. (2017) Mitigation Negative Tree Park, Greenery, 

or Landscape 

Shade 

Level  

Lin et al. (2010) Mitigation Negative Tree, 

Canopy, or 

Building 

Park, Greenery, 

or Landscape 

Tree Height 

and Density 

Wong et al. (2011) Mitigation Negative Tree Park, Greenery, 

or Landscape 

Building 

Density and 

Height 

Mirzaee et al. (2018) 

and Hu et al. (2016) 

Increase Negative Building Built-up Area 

Floor Area 

Ratio 

Yin et al. (2018) and 

Srivanit and Hokao 

(2012) 

Increase Negative Building Built-up Area 

H/W Ratio Bakarman and Chang 

(2015) and Sharmin et 

al. (2015) 

Increase Negative Building Built-up Area 

 

  

Figure 23. SVF of one urban point and one park point 

 

SVF is relevant to the UHI effect, which is confirmed by many scholars as illustrated in Table 28. 

However, its performance is affected by contextual environment. As can be seen from Table 28, 

elements relating to vegetation can mitigate UHI with the decrease of SVF, while UHI will be 

increased with the SVF reduction from built-up elements. Therefore, it is necessary to specify the 

significance of SVF depending on its background environments. Park sky view factor (PSVF) is an 

adaption of SVF referring to the SVF in a background of park environment. As mentioned before, 

https://www.google.com/url?sa=i%26rct=j%26q=%26esrc=s%26source=images%26cd=%26cad=rja%26uact=8%26ved=2ahUKEwjDrMOrsOvdAhVZCjQIHdcOBy0QjRx6BAgBEAQ%26url=http://www.sirwec.org/Papers/davos/5.pdf%26psig=AOvVaw2HZhhbn7CLp6hCnhvP_3Sz%26ust=1538694093099763
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SVF can affect urban thermal environment differently depending on physical factors. That is to say, 

SVF relating to park factors can be negatively correlated to UHII. Figure 23 compares SVF in a non-

park place and a park location (the left one is from Chapman (2000)), as can be seen that their 

variation of covering (buildings and trees respectively). This can differentiate the PSVF from ordinary 

SVF. 

 

As mentioned before, PSVF is adapted from SVF, which refers to SVF of parks. SVF is utilised to 

represent the shading level of spaces resulting from trees, buildings, and other objects (Giridharan et 

al., 2005), while PSVF shows that of trees and canopies mainly. Some studies have proved that PSVF 

is closely linked with residents’ thermal comfort level. For instance, SVF is correlated to the 

attendance ratio of a park in Central Taiwan (Lin et al., 2012). One area with high SVF, that is, an 

unshaded location, has higher, more consistent heat stress, for it gets more exposure to solar radiation. 

A better shaded location breeds superior thermal environment. 

 

3.6 Multiple linear regression 

 

Therefore, there are three thermal performance indicators in this study, which are PCI, MRT, and PET. 

Other design factors, PTC, PS, DTS, and PSVF, are used as variables. This paper aims to find the 

correlation between the thermal performances of parks and their design factors. It is processed 

through multiple linear regression. Multiple linear regression is a popular form of analysis with a 

function of prediction, which is commonly used in investigation, explaining the relationship between 

one continuous dependent variable and two or more independent ones (Statistics Solutions, 2018). 

Calculated PCI values (∆T), MRT, and PET are input into SPSS (SPSS-TUTORIALS, 2018) for 

regression with their relevant variables, including PTC, PS, DTS and/or PSVF. Objective 3 (explained 

in Section 1.4) attempts to find out the thermal performance of each park, which roughly needs to find 

out the general design features of cooler parks. These feature relating variables would be the keys for 

further analysis and regression. Similarly, features of cooler points in Objective 4 could be concluded 

in a same way.  
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Chapter 4. Results 
 

4.1 Introduction 

 

Chapter 3 has illustrated the process of data acquisition. The acquired data is analysed statistically for 

exporting corresponded results in this chapter. The whole process of acquiring result is implemented 

step by step. Initially, data from one of the four weather stations is selected as the reference. This is 

performed by data comparison to find out which one is the most suitable for comparison with park 

data. After that, collected temperature data of each park will be compared with the reference, which 

aids to find the variation of each park’s thermal effect. Difference of park cooling effect is caused by 

park properties, including PTC, PS, and DTS. How does each variable perform? It can be answer by 

regression. So all these variables will be put into SPSS for outputting data corresponding to that.    

 

4.2 Comparison of reference station data 

 

Figure 24 shows the mean quarter (a 15-min duration of one measurement point) air temperature 

fluctuation at the four climate stations in the Gold Coast. The dots illustrate their exact values while 

the lines are the total tendances. The lines exhibit a comprehensive comparison of all data from the 

four stations. It is clear to see from the lines that the Beaudesert Station recorded the highest 

temperature during the summer of 2018 (above all other three lines); Griffith Station came second and 

it is followed by Seaway Station; the lowest average temperature was recorded at Coolangatta station. 

It can be seen that Beaudesert Station recorded the highest average temperature during the 2018 

summer while the Seaway and Coolangatta stations recorded much lower temperatures. The pattern 

can be well explained by their various distances to the sea. As shown in Figure 24, Seaway and 

Coolangatta stations are both coastally located, whilst Beaudesert station is inland. Griffith Station is 

in the transition area that conjuncts middle land and the coast.  
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Figure 24. Comparison of temperature fluctuation in four stations for all measurement days 

 

4.3 Comparing reference data with all parks 

 

Figure 25 compares the average temperature measured in the 18 parks with the temperatures recorded 

by the four meteorological stations. The station data in Figure 25 is the same as that of Figure 24, but 

in a different form (Boxplot). This paper aims to find out how much thermal environment the urban 

parks can help to improve by their unique design factors. For a more significant comparison, the 

analysed temperature data from the meteorological stations should be comparable to that acquired 

from the urban parks. It is clear from Figures 24 and 25 that temperature data from the Seaway and 

Coolangatta stations is remarkably lower than the others. The two stations are located closely to the 

sea; the main environmental influence is from the sea rather than from urban activities. Under this 

circumstance, the data from the Seaway and Coolangatta stations are excluded from this study. The 

data from the Beaudesert station shows some similarity with the data from the urban parks. However, 

the station is too far from the urban parks. Therefore, the Griffith data is selected as the reference for 

comparison, as it has a neutral distance to the sea and a close distance to the measured urban parks. 

Also, the Griffith data is collected by a Testo 480, while the other three stations use more official and 

large-scale equipment. The Griffith has the same climate collection equipment with the park 

measurement. Therefore, the Griffith data is selected as the reference for comparison, as it has a 

neutral distance from the sea and close distance to the measured urban parks and uses the same 

equipment.   
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Figure 25. Comparison of four stations and measured parks 

  

4.3 Thermal performances of urban parks, Objective 3  

 

4.3.1 Park data comparison 

 

Figures 26 – 28 show the relationships between the temperature measured in the 18 parks and the 

Griffith Station. Exporting process and explanation of each diagram has been shown in Section 3.1.3. 

The 18 urban parks can be grouped into: cooler ones (Figure 26, orange lines below the blue ones), 

neutral ones (Figure 27, two lines are mostly crossed) and warmer ones (Figure 28, orange lines above 

the blue ones). The blue line indicates the same temperature measured at the park and the Griffith 

station. The blue above or below the orange line means that the reference temperature (Griffith data) 

is higher or lower than the park temperature.  
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Figure 26. Comparison between the Griffith station and six cool parks 
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Figure 27. Comparison between the Griffith station and six neutral parks 
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Figure 28. Comparison between the Griffith station and six warm parks 

 

Figure 29 shows the PCI for all parks whereas its relevant data is summarised in Table 29. It shows 

the disparity of thermal environments in the 18 urban parks. For measured parks, the quartile of ∆T in 

Boxplot ranges from -1.2 °C to 3.2 °C. Six parks had a cooling effect where the ∆T is negative; while 

others, to different extents, shows heat islands where ∆T was positive. The most intensive urban heat 

island happened in the Ingle Park where ∆T ranges from 1.6 to 3.7 °C; while the Neddy Harper Park 

showed most intensive cooling effect where ∆T ranges from -0.3 to -2.0 °C. 

 

Table 29. ∆T Range of all parks 

Park Names ∆T Maximum ∆T Minimum ∆T Mean ∆T Range 

Neddy 0.3 -2.0 -1.2 -2.0-0.3 

Harry Brown 0.5 -1.4 -1.1 -1.4-0.5 

Macintosh -0.6 -1.5 -0.9 -1.5-(-0.6) 

Ward 0.7 -1.1 -0.8 -1.1-0.7 

Cavil 0.5 -1.5 -0.7 -1.5-0.5 

Musgrave 0.1 -0.3 -0.25 -0.3-0.1 

Lionel Perry 0.3 0.3 0 -0.3-0.3 
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Tenth Avenue 1.1 -0.3 0.2 -0.3-1.1 

Doug 1.6 -0.6 0.5 -0.6-1.6 

Evandale 1.1 0 0.5 0-1.1 

Matthew 2.2 -0.7 0.6 -0.7-2.2 

Arthur 1.4 0.2 0.6 0.2-1.4 

Crocker 1.9 -0.5 0.7 -0.5-1.9 

Sun Valley 2.0 -0.3 0.9 -0.3-2.0 

Woodroffe 2.0 0.3 1.0 0.3-2.0 

Apple 2.5 0.4 1.0 0.4-2.5 

Neal 3.3 0.4 1.9 0.4-3.3 

Ingle 3.7 1.6 3.2 1.6-3.7 

 

 

Figure 29. ∆T of all measured parks 

 

4.3.2 Park cooling intensity regression 

 

All park data is input into SPSS for regression. PCI (∆T) regression analysis is conducted to find 

predictors for temperature variations in these urban parks. The three factors, including tree coverage 

(0.1 to 0.9), distances to sea (km) and park size (hectare), were used as independent variables for the 

analysis. It outputs a table and an equation as follows: 

 

Table 30. ∆T regression for all parks 

Coefficientsa 

Model Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

 B Std. Error Beta   

1 (Constant) 0.619 0.361  1.716 0.108 

 
PTC -1.335 0.673 -0.394 -1.985 0.067 

 
PS 0.021 0.015 0.298 1.408 0.181 
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DTS 0.108 0.053 0.439 2.039 0.061 

a. Dependent Variable: Park ∆T 

 

Park ∆T = 0.619 + 1.335*PTC + 0.021*PS + 0.108*DTS (R2 = 0.476, Sig = 0.025), Equation 3, 

 

The equation shows that trees (Sig=0.067) and the sea (Sig=0.061) affect PCI remarkably, but park 

surface area relatively has less effect (Sig=0.181). Denser trees and locating closer to ocean are able 

to reduce air temperature significantly. Yet for those smaller in sizes there is little influence.  

 

To prove the correctness of this result, all parks are divided into different groups according to their 

three design factors for comparison, which are illustrated in Figures 30 and 31. The dense tree group 

includes those parks with tree coverage more than 50%; the coastal group includes parks that are 

within 1 kilometre from the sea; the small size group includes parks with a surface area less than 2 

hectare (20,000 square metres). Figure 30 illustrates that parks with dense trees and closer to the sea 

(tree coverage is more than 0.5) have lower temperature among all. Nevertheless, all parks were 

measured on different days, so they could have various weather conditions. Figure 31 shows the ∆T 

comparison using the three groups against all data. This shows a similar result, which is that parks 

with higher tree coverage or being closer to the sea are relatively cooler than others. These results 

echo the regression equation that indicates that trees and the sea play significant roles in 

environmental cooling. 

 

Figure 30. Comparison of air temperature (AT) 
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Figure 31. Comparison of ∆T for featured parks 

 

4.3.3 Regression of Park MRT and PET  

 

To more exactly evaluate thermal performance of parks, more indicators are needed, which are MRT 

and PET. Nevertheless, all parks were measured in different days, which has varying weather 

conditions. To avoid the effects of weather difference, the reference data, AT of Griffith Station, will 

be used as a variable. MRT and PET of all parks are respectively input into SPSS, for regression with 

park design factors and Griffith AT. The following tables and equations are exported: 

 

 
Table 31. MRT regression for all parks 

Coefficientsa 

Model Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

 B Std. Error Beta   

1 (Constant) 27.971 30.405  0.920 0.377 

 
PTC -18.631 6.107 -0.687 -3.051 0.011 

 
PS -0.084 0.155 -0.155 -0.538 0.601 

 
DTS 0.321 0.446 0.172 0.720 0.487 

 
Griffith AT 0.776 1.119 0.190 0.693 0.503 

a. Dependent Variable: Park MRT 
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Table 32. PET regression for all parks 

Coefficientsa 

Model Unstandardized Coefficients 

Standardized 

Coefficients t Sig. 

 B Std. Error Beta   

1 (Constant) 13.575 6.275  2.163 0.053 

 
PTC -1.609 1.260 -.182 -1.277 0.228 

 
PS -.013 .032 -.072 -.394 0.701 

 
DTS .208 .092 .343 2.266 0.405 

 
Griffith AT 1.034 .231 .776 4.479 0.001 

a. Dependent Variable: Park PET 

 

Park MRT = 27.971 – 18.634*PTC – 0.084*PS + 0.321*DTS + 0.776*Griffith AT (R2 = 0.468, Sig = 

0.111), Equation 4 

 

Park PET = 13.575 – 1.609*PTC – 0.013*PS + 0.208*DTS + 1.034*Griffith AT (R2 = 0.787, Sig = 

0.001), Equation 5 

 

They show that both MRT and PET are negatively associated to PTC and PS but positively correlated 

to DTS. However, they have different sensitivity towards each factor. MRT and PET are only 

significant with tree density (Sig=0.011 and 0.228). PS and DTS have little effect on either of them.   
 

4.4 Thermal performance of each park point, Objective 4 

 

4.4.1 Point factor illustration 

 

As mentioned before, all parks are measured in several weather data, which is used as variables for 

further analysis in this study. Apart from that, thermal indicators are calculated through these 

variables, which are PCI (∆T), MRT, and PET. They evaluate the thermal performance of each point.  

 

The following diagrams show the weather variable ranges of all measured parks and the reference, 

including AT, AV, RH, GT, PSVF, and DTS. Four variables are caused by different weather 

conditions of measurement days (AT, AV, RH, and GT) while two factors vary for design elements 

(PSVF and DTS). As the collected data of each point is different, data of one whole park is shown as 

a range, which contains the data of every point. The temperature values of Griffith Station are shown 

in the same order and timespan as that of the parks. In that figure, only the station data when park 

measurement was taking place is included. 
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The weather data of parks are illustrated in Figures 32 to 36. It can be clearly seen that they have 

various ranges. As the variety of weather conditions and design factors, Neddy Harper, Ingles and 

Ward had higher temperatures and the rest are relatively lower, especially Musgrave, Tenth Avenue, 

and Lionel Perry. The temperature variation of parks (Fig. 32) basically matches the fluctuation of 

Griffith Station (Fig. 33). 

 

 
Figure 32. Air temperature ranges of all parks 
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Figure 33. Air temperature fluctuation of Griffith station during all measurement days 

 

 
Figure 34. Air velocity ranges of all parks 
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Figure 35. Relative humidity ranges of all parks 

 

 
Figure 36. Global temperature ranges of all parks 

 

Design factors of parks are shown in Figures 37 and 38. As most parks are covered by trees, to some 

extent, SVF can indicate the tree coverage of parks. It can be seen that Cavil, Ward and Musgrave 

have very dense tree cover but Doug Jennings as well as Neddy Harper are more open. Cavil, Doug 
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Jennings, Lionel Perry etc. are coastal whereas Matthew Prior, Arthur Earle, and Ingles are located 

inland.  

 
Figure 37. PSVF ranges of all parks 

 

 
 

Figure 38. DSs of all parks 
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Figure 39. ∆T ranges of all parks 

 

 

 

Figure 40. Calculated MRT ranges of all parks 

 

 

 



 
84 

 

 
Figure 41. Calculated PET ranges of all parks 

 

∆T, MRT, and PET are the indicators that reflect the thermal environments of the parks (Figs. 39 to 

41). ∆T is calculated by the measured air temperature of the park minus that of Griffith Station, it is 

the value of each park point cooling intensity. MRT is mean radiant temperature, which is a calculated 

by an equation that contains AT, AV, GT etc., while PET is developed from AT, AV, RH, and MRT. 

In agreement with the reviewed papers, ∆T, MRT, and PET are affected by design factors mentioned 

above, their detailed relationships are analysed as follows. This section analyses every point 

independently, rather than a whole park. Therefore, there are 18*9 points in total, which is analysed to 

show the impact of factors toward each index. 

 

4.4.2 Point cooling intensity regression 

 

With ∆T as the indicator, whereas PSVF as well as DTS are the variables, the values are input into 

SPSS for regression, exporting the following table and equation: 

 
Table 33. ∆T regression for all park points 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) -0.537 0.196  -2.734 0.007 

PSVF 1.652 0.388 0.303 4.258 0.000 

DTS 0.137 0.023 0.432 6.070 0.000 
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a. Dependent Variable: Point ∆T 

 

Point ∆T = -0.537 + 1.652*PSVF + 0.137*DTS (R2=0.226, Sig=0.000), Equation 6 

 

This equation means that PSVF and DTS are both positively associated to PCI and they are nearly 

equally sensitive (Sig=0.000). 

 

4.4.3 Regression of Point MRT and PET 

 

MRT and PET are indicators relating to people’s thermal feeling. They are comprehensive variables 

taking into account the input parameters for heat balance models of humans that are the background 

for the assessment of thermally unfavourable conditions and heat stress. In warm weathers, lower 

MRT and PET create more thermal comfortable environments. They are input into SPSS for 

regression with point factors, PSVF and DTS, as well as the reference data (Griffith AT) respectively. 

It exports following tables and equations: 

 

Table 34. MRT regression for all park points 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 14.995 7.427  2.019 0.045 

SVF 17.068 3.201 0.398 5.333 0.000 

DTS 0.223 0.184 0.090 1.212 0.227 

Griffith AT 0.665 0.274 0.181 2.424 0.016 

a. Dependent Variable: Point MRT 

 

Table 35. PET regression for all park points 

Coefficientsa 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. B Std. Error Beta 

1 (Constant) 17.938 1.124  15.959 0.000 

SVF 1.513 0.417 0.131 3.630 0.000 

DTS -0.001 0.013 -0.004 -0.104 0.917 

Griffith AT 0.849 0.041 0.859 20.514 0.000 

a. Dependent Variable: Point PET 
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Point MRT = 14.995 + 17.068*SVF + 0.223*DTS + 0.665*Griffith AT (R2=0.227, Sig=0.000), 

Equation 7 

 

Point PET = 17.938 + 1.513*SVF - 0.001*DTS + 0.849*Griffith AT (R2=0.806, Sig=0.000), Equation 

8 

 

They show that PSVF is positively correlated to both MRT (Sig=0.000) and PET (Sig=0.000) 

significantly. DTS has little effect on either of them (Sig=0.227 and 0.917). Nevertheless, the 

variation range of MRT is broader than PET, which means that PSVF is sensitive to MRT more than 

PET. 

 

To exactly find the impact of PSVF on each of the indicator, it is regressed with them independently, 

exporting the following Figures 42 to 44. It can be seen that all of the three indicators are positively 

correlated with PSVF, despite they do not show very strong correlation (R2 = 0.1026, 0.1802, and 

0.1156 respectively). MRT has the broadest scope of change. 

 

 

Figure 42. Relationship between Point ∆T and PSVF 

 

y = 1.6544x - 0.0236

R² = 0.1026

-2.5

-1.5

-0.5

0.5

1.5

2.5

3.5

0 0.2 0.4 0.6 0.8 1

∆
T

 (
℃

)

PSVF

Relationship between PSVF and ∆T (℃)

∆T (℃)

Linear (∆T (℃))



 
87 

 

 

Figure 43. Relationship between Point MRT and PSVF 

 

 

Figure 44. Relationship between Point PET and PSVF 
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Chapter 5. Analysis and Discussion 
 

5.1 Introduction 

 

The data analysis is implemented in several approaches toward varying aspects. They are all shown in 

equations with different variable coefficients and significance values. There are different outcomes 

acquired from these equations yet they are interactively correlated. Generally, UHI is a practical 

problem for urbanists and governments, which has been mentioned in Chapter 1. Research outcomes 

of this study provide direction to them for future strategies in urban design and planning. Therefore, 

this chapter discusses the regression results gained in the last chapter. It is implemented through 

several aspects, including reviewing relevant literatures, scientific explanation, and design principle. 

Finally, the three aspects are combined for a comprehensively profound analysis, confirming the 

positively optimistic effects of this study. 

 

Through data statistics and regression, the effect of each factor on thermal environment is found. To 

understand the importance of the results, it is necessary to discuss them in relevant principles, 

including scientific-subject theories and relevant literature. Therefore, the results are analysed with 

the support of scientific knowledge and relevant study outcomes, illustrating their distinction as well 

as discussing the underlying reasons. (ACER, 2012) 

 

In general, this study verifies the uniqueness of the urban thermal environment of a coastal city where 

urban microclimate is affected by the ocean. Under the strong influence of the ocean, the cooling 

effect of urban parks is relatively weak. Parks on the Gold Coast reduced the urban temperature by a 

maximum 1.2℃, but some of them are warmer, even by 3.2℃. Compared to studies shown in Table 

1.1 which unanimously shows the intensive thermal effect of urban parks, the cooling effect of urban 

parks in the Gold Coast is minimal. There are three urban weather stations with various DTS (km), 

Beaudesert (42.65km), Griffith (4.50km), Seaway (0.41km), and Coolangatta (0.39km). This study 

uses temperature data from the one not very close to the ocean, which is Griffith (4.50km). If the 

urban weather stations close to ocean (Seaway and Coolangatta) are used, the measured urban parks 

would reveal even higher temperatures. Despite parks not exhibiting very strong effects in 

temperature reduction, the elements that can improve thermal environments are found, which are trees 

and water body in this case. These information is acquired from City of Gold Coast (2011).  

 

5.2 Cooling effect of trees 

 

This study of the Gold Coast involves 18 parks and their points with multiple design factors (mainly 

PTC, PS, DTS, and PSVF) and finds their thermal-environment influences. It has been found that the 

PTC and PSVF are significant factors that cool the urban thermal environment. Factually, PTC and 

PSVF have similar meanings in this paper, which can commonly refer the location tree density.  
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Similar results have also been reported by Doick et al. (2014), Bowler et al. (2010), Kong et al. (2014), 

Thom et al. (2016), and Yang et al. (2017). These findings also echo those of Wong et al. (2011) and 

Hwang et al. (2015), despite they also mentioned other factors (such as shade). Factually, this study 

and those just mentioned involved the same element, despite being slightly distinct. PTC and PSVF 

studied in the Gold Coast are strongly correlated to shade and tree density, as investigated in 

Singapore (Hwang et al., 2015). They both create denser leaf coverage, which breeds higher-ratio 

canopy, whilst reducing environment temperature through their specific effects.  

 

Additionally, PTC and PSVF are confirmed to have very strongly positive effects on PCI, MRT, as 

well as PET. These results were also shown by Feyisa et al. (2014), Hwang et al. (2015), Lin et al. 

(2017), Yamashita et al. (1986), Nouri et al. (2017), Chatzipoulka et al. (2018), and He et al. (2015). 

There are some slight distinctions. Some of these researchers did not mention SVF. As a replacement, 

their variables are vegetation, waterbody, shade etc. Nevertheless, the reviewed papers have acquired 

similar outcomes with this study. As most measured parks are covered by trees, PSVF is able to 

reflect the tree density or coverage as well. This is the same as Kong et al. (2014). Meanwhile, PSVF 

is also an index of shading, with its effect proved by Hwang et al. (2015). That is to say, trees have a 

very nice cooling effect in parks, result of this study is correct. 

 

Cooling performance of trees can initially be explained by their biological properties. Plant effects, 

such as photosynthesis and transpiration, absorb heat energy, which cools down the surrounding 

environment (NASA, 2002). Meanwhile, trees are also able avert strong sunlight exposure through 

shading. To some extent, trees are functional as canopies. Due to the sunlight demands for their 

growth, trees try their best to acquire as much light as they can, by sprawled branches and leaves 

(Crandall Park Tree, 2018). As a result, areas under trees are usually well shaded, especially in 

summer. It significantly avoids the heating effect of sun radiation. 

 

5.3 Thermal effects of the sea and park geometry 

 

DTS is found to be considerably associated with PCI in this study despite it shows slight correlation 

with MRT and PET. The cooling effect of water can be explained by physics (Miller, 2018). Heat 

energy drives the process of water evaporation. When being heated, water molecules convert at its 

surface. The heat taken for escaping is from the surface, which has a cooling effect on the surface. 

This is the principle of evaporative cooling. So the surface temperature of the sea is of course lower 

than that of lands under a same weather condition. The method by which the sea cools its contacted 

coastal areas is another process (Monster, 2007). During the daytime, the land is warmed more 

quickly than the sea water, warming the land’s surface air. Warm air from the land rises and moves 

out to the sea, which creates a circular current. In contrast, an opposite process occurs in the night, for 

land cools faster than the sea. As a result, on the ground, sea breezes blow from the sea during the day 

but the breeze blows from land to the sea in the night. As the continuous air exchange of various 

temperatures, coastal land temperatures are considerably affected by the sea, which is more or less 

cooled down. The sea breeze is also a branch of convection in physics. Study results of Dai et al. 

(2018) also shows the cooling effect of a water body. It echoes the description in the physical 



 
90 

 

principle. Practically, cooling effect of the water body is also studied by Theeuwes et al. (2013), Yu et 

al. (2015), and Du et al. (2016).     

 

Nevertheless, effect of DTS is insignificantly correlated to MRT and PET. This phenomenon could be 

explained by the affecting distance of the sea breeze. In the calculation of MRT (Thorsson et al., 2007) 

and PET (Matzarakis et al., 2007), air velocity is included as an important variable, which refers sea 

breeze in coastal areas. In this study, the furthest park, Matthew Prior, is around 13 km from the sea. 

Through this, it could be deduced that the sea breeze is able to influence climate within a range of at 

least 13 km (at least the distance of the farthest park). Compared with the influential distance of sea 

breeze, it is short. In fact, there are relevant studies proving this. Sea breeze can penetrate inland for at 

least 25 km, which is confirmed by Pokhrel and Lee (2011) as well as Jeong et al. (2008)’s studies in 

Incheon (24-30 km) and Park and Chae (2018)’s work in Seoul (60 km). These distances are much 

farther than the park distribution area (13 km). That is to say, all studied parks in the Gold Coast are 

within the penetrating distance of the sea breeze, so wind relating performance of the sea is only 

slightly influenced by DTS thermally. It could be deduced that the sea is able to adjust urban thermal 

environment in a larger scale than trees.   

 

Park size is not strongly correlated to thermal performance of parks in the Gold Coast by the 

regression results. Nevertheless, Feyisa et al. (2014), Chang et al. (2007), and Asgarian et al. (2015) 

suggested that park or vegetation space sizes are optimistically related to its PCI. This difference 

could be caused by the surrounding environment of the engagement parks. Usually, land uses of urban 

parks are quite different from other areas. Parks are mostly covered by vegetation and soil while their 

surroundings are roads or built-up areas in asphalt and/or concrete. However, in this study, measured 

urban central areas are all coastal, but suburban districts are relatively further to the sea. Hence park 

environments are not significantly different from their surrounding ones. Coastal parks are adjacent to 

a water body (the sea), whereas inland parks are surrounded by vegetation. Macintosh Park, for 

instance, is surrounded by an area of water surface. Besides, it can be seen in Figure 5, most of the 

studied parks have regular forms (triangle, rectangle, and trapeziods). They lack any special irregular 

forms. Hence they are not investigated geometrically. 

 

5.4 Summary of findings 

 

In general, this study acquires a unique result for the Gold Coast, which is slightly distinguished from 

other literature in Table 7. Parks in the Gold Coast can reduce air temperature by a maximum of 1.2℃, 

but some of them are warmer, even by 3.2℃. This could be the climate uniqueness of coastal cities. 

Figures 6 and 7 have illustrated that temperature data from urban stations is cooler than that of rural 

stations. This phenomenon has been analysed and explained above by science and relevant literature, 

which is reasonable. Nevertheless, in the methods of data collection, there were few metropolitan 

weather stations selected (only four), which still does not comprehensively demonstrate the 

temperature difference between urban and suburban areas under the effect of the sea. It could be an 

effect of urban cooling island in coastal cities if data is acquired from more stations. This is a problem 

to be addressed in future studies.  
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What needs to be specifically addressed are the values of R2 in some equations (around 0.2 in 

minimum). It is relatively low in this result, which may be caused by the amount of data. There are 

only 18 parks measured in this study, which means there are 18 clusters of data for regression. 

Moreover, all data is not sensitively continuous. For instance, the PTC jumped from 0.45 to 0.7, 

which is lack of continuously linking figures, such as 0.5 and 0.6. In addition, there is some shortage 

in SVF. It only considers the location openness, rather than sun exposure level. Hence it is hard to 

acquire strong sensation from PTC and SVF. However, this study has proved that PCI, MRT, and 

PET is negatively correlated with tree densities, and PCI is also positively related to DTS, which is 

reasonable and can be scientifically explained. So the main aim of this study has been achieved. 

 

5.5 Implication on local urban planning 

 

This study has found the effect of each design factor on urban thermal environment adjustment. It 

provides good direction for urban planners and landscapers upon further construction. These 

outcomes match strategies of future urban planning. Sections 5.2 and 5.3 have illustrated that planting 

more trees is strategic in urban environment improvement. Main government information in this 

section is from City of Gold Coast (2011) called Gold Coast Rapid Transit Corridor.  

 

According to the planning strategies of the Gold Coast, a variety of measures will be implemented for 

enhancing public realm outcomes. They thought that an increase of tree quality and numbers on the 

urban avenues and streets was significant to public realm enhancement. In particular, the city area will 

be diverse in spaces and experiences, rich in scent, colour and textures, vital in movement and 

commerce, thermally comfortable in summers etc. In regards to future plans for city construction, the 

urban fabric of the Gold Coast will be altered, which includes traveling options, encouraging and 

promoting public transport use, adjustment and adaption of corridors. These measures will ensure 

residents’ journeys from home to transit stations will be attractive, comfortable, simple to utilise, and 

safe. To some extent, it is a process of integrating infrastructures into a contextual broader 

neighbourhood. In particular, it will be implemented through increasing walking and cycling paths 

that directly connect stations, increasing urban development around stations to create hubs and 

increasing the requirement for public-transit collocation.  

 

In general, the overall government strategy is sustaining the city. In aspects of design, street layout is 

mainly involved. A new street layout has to be arranged for balancing core values, which includes 

increasing road legibility hierarchy, prioritising streets for pedestrians and cyclists, improving 

experiences by enhanced amenity and advanced structure etc. Nevertheless, when a city has existed 

for a long time, it is hard to reorder the whole urban structure. To address that, retrofitting is a suitable 

selection. In this way, streets will be retrofitted with better amenity and shade provision, footpaths 

will be widened for accommodating the projected walking volume and spaces will be multifunctional 

and flexible. This strategy approaches the purpose of sustainable urban improvement without 

considerable alteration.      
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In short, the aim of this urban project is naturalisation and promotion of outdoor physical activities. 

The goal is to replace mechanical auto actions, such as driving, with biological ones, including 

walking and cycling. In that case, people would have more time exposed to the outdoor environment 

for travelling, rather than staying in insulated mobile classes. To achieve that, a better outdoor 

environment is the key. The government needs to consider methods for avoiding environmental 

impacts on pedestrians by creating more comfortable external spaces. Outdoor elements relating to 

human preference include air quality, thermal level, traffic safety and efficiency and so on. Apart 

from strategic systematic planning and ordering, plants are an inevitable one, which is relevant to any 

element mentioned above. Densely planted urban corridors clear up atmosphere, shade spaces, 

improve visual effect and even block strong sea wind. It is well suited to the official plan of the public 

realm, which demonstrates the significance of this study result.     
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Chapter 6. Conclusion 

 

6.1 A comprehensive summary 

 

This study is separated into six chapters. Each of them has a unique task to complete. They are 

combined interactively with a systematic order.  

 

The introduction chapter describes problems faced by urban dwellers and the authorities that attempt 

to address them. With the continuous urbanisation, urban inhabitant increase and global warming, 

Thermal stress caused by UHI has been a threat to human survival, especially in highly populated and 

hot cities like the Gold Coast. Researchers in relevant fields have discovered ways to address this 

problem, including increasing the quantity of vegetation spaces, shading urban areas under canopies, 

and water cooling.   

 

The literature review chapter reviews relevant literatures on their methods and outcomes. It also found 

their shortcomings, which provides potential and opportunity for this study. For a more theoretical 

investigation, it also reviewed causes of UHI through the perspective of science, forming a clear 

direction for addressing the problem. It directs the aim to outdoor thermal environments and their 

design factors. 

 

Chapter 3 outlines the methodologies and research process in detail. It is developed based on the 

findings of Chapter 2. Methods and scientific knowledge from the reviewed literature are the 

principles of study implementation. Indicators and design factors that support the study were proposed 

in regards to that. They are approached in Objectives 1 and 2. As this study involves design elements 

on UHI mitigation, statistical analysis towards that is adopted. 18 study sites with the variations of 

elements and four reference stations were selected for data collection. Also identified in this chapter 

include measurement time duration, type of data collection, and instrument to use. Design factors of 

the sites were acquired from the internet as well. 

 

Chapter 4 collates the obtained data and analyses them, which is divided into two parts in mission. 

Indicators and factors utilised in the two objectives are slightly different for they had different 

problems to address. Objective 3 addresses Question i, ii, and iii, Identifying the relationship between 

each indicator, (PCI (∆T), MRT, and PET) and design factors at every whole park.  In answer, park 

tree coverage and the sea both have more cooling effect than park size in single parks, MRT and PET 

are only sensitive with trees. Questions iv, v, and vi, Identifying the relationship between each 

indicator and design factors at each park point, are answered in Objective 4, which shows that higher 

Park Sky View Factor results in a warmer environment and higher MRT and PET degrees. 
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Chapter 5 provides a more profound analysis and more reasoned answers to research questions. It 

combined the results of three dimensions, the outcome of the Gold Coast study, the outcome of 

reviewed articles and outcomes in scientifically reasoning. It is discovered that the three dimensions 

are internally significant correlated. So it proves that the results of the Gold Coast study is concluded 

correctly. 

 

6.2 Design factor performances 

 

From the trend deduction in Chapter 4, it can be seen that PCI is much lower in dense tree and coastal 

areas. Tree dense parks are able to reduce the air temperature by 0.3℃ (Musgrave), 1.1℃ (Ward), 1.5℃ 

(Macintosh), and coastal parks result in air temperature reduction of 1.5℃ (Cavil), 0.3℃ (Lionel 

Perry), 0.6℃ (Doug Jennings) and so on. It can be deduced from this that tree coverage and distance 

to the sea are highly related to the cooling effects of parks. The highest cooling effect does not happen 

in the park with the highest tree coverage (Musgrave, 0.85), for it is far from the sea (2.09km). It 

occurs in the one (Macintosh, -1.5℃) that is both highly covered by trees (0.7) and coastal (0.276km). 

MRT and PET show similar results with PTC only, for they are also affected by other factors, such as 

air velocity.  

 

There are four design factors selected for this study, which are park tree coverage, park size, distance 

to the sea, and park sky view factor. Griffith air temperature is the reference for them. They are used 

for regression with the three indicators (∆T, MRT, and PET) in separation. The main discoveries are 

shown as follows: 

 

Park tree coverage 

 

For the ∆T models, PTC is negatively correlated with this indicator with the highest coefficient value 

(-1.335), which is also sensitive (Sig=0.067). For MRT (-18.631) and PET (-1.609), PTC shows 

similar results (Sig=0.011 and 0.228). It can be explained by tree shading function and biological 

effect. Trees appear to be the most important element for park environment cooling. Increasing the 

PTC from 0.1 to 0.9 can cause an average park air temperature, MRT, and PET reduction of 1.068℃, 

14.905℃, and 1.287℃ respectively.  

 

Park size 

 

PS was not found to be significantly correlated with thermal indicators. It has very low coefficient 

values (0.021, -0.084, and -0.013 respectively) and relatively high significance for ∆T (0.181), MRT 

(0.601), and PET (0.701) respectively. It has been explained in last chapters by the surrounding 

environments being not considerably different from that inside of most parks.  
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Distance to the sea 

 

As to each whole park, DTS is positively effective with ∆T, with a coefficient value of 0.108 

(Sig=0.061). Yet it does not sensitively influence MRT (Sig=0.487) and PET (Sig=0.405). The 

cooling intensity of parks is highly sensitive relevant with DTS, but as the insignificant difference of 

distance value among all parks, it does not show the significant influence on MRT and PET. 

 

Park sky view factor 

 

PSVF is significantly (coefficient=1.652, 17.068, and 1.513) and sensitively (sig=0.000 for all) 

positively associated to point ∆T, MRT, and PET respectively. That is to say, PSVF has high 

sensitivity with thermal environment. Its significant sensitivity is because of the quantity of data. 

There are 18 (parks)*9 (points) = 162 points measured in PSVF, making it easy to find a strong 

regulation. Also, for the high significance, it is regressed with ∆T, MRT, and PET independently 

respectively. A positive relationship between them yet correlation is relatively low (R2=0.1026, 

0.1802, and 0.1156 respectively), which shows the shortage of it. PSVF only considers the visibility 

of sky at one location, rather than other factors affecting sun radiation level, such as sun path. Hence it 

has potential for some further research.  

 

Griffith air temperature  

 

Griffith AT is an extra variable for supporting the regression of MRT and PET. It is not a physical 

factor exhibiting the condition of a measurement site. MRT and PET are also affected by present 

weather condition, hence the utilisation of a reference, Griffith AT avoids the side effect resulting 

from weather variation. Its values of both coefficients (0.776 for MRT and 1.034 for PET) are easily 

understandable, for they are close to 1. However, it is not used for the regression of PCI, for ∆T is 

originally calculated from Griffith AT. 

 

6.3 Contribution 

 

The research has found the thermal environment features of the Gold Coast and its influencing 

factors. Through focusing on 18 parks to analyse their design factors, and comparing them by 

indicators, the factors affecting urban thermal environment have been found. There are four physical 

factors independently functional in park thermal environment adjustment. Park tree coverage, distance 

to the sea, and park sky view factor are all independent variables affecting urban microclimate, while 

park size is relatively less significant. Effects of PTC and PSVF are obviously significant in thermal 

environment adjustment in all indicators on the Gold Coast. Increasing the PTC from 0.1 to 0.9 can 

cause an average PCI, MRT, and PET reduction of 1.068℃, 14.905℃, and 1.287℃ respectively. And 
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they can also be decreased by approximately 1.321℃, 13.654℃, and 1.21℃ if the PSVF is reduced 

from 0.9 to 0.1.  

 

Trees have a significant mitigation effect in small-scale areas. For each park, those more densely 

covered by trees have a better cooling effect and lower MRT as well as PET. Its influence is stronger 

than that other factors for PTC has larger variable coefficients in Equations 3, 4, and 5. This result is 

also exhibited by PSVF, which is positively correlated to ∆T, MRT, and PET. Therefore, in the aspect 

of design and urban planning, denser plant landscaping has an optimistic effect on the thermal 

comfort of urban outdoor spaces.  

 

The cooling effect of the sea is varying for distance. PCI is noticeably related to DTS, it has smaller 

coefficients but very low significance in the equation. As urban areas of Gold Coast is closer to the 

sea than the suburban regions, they generally have lower temperatures, UHI effect is mitigated by the 

sea in this city. Nevertheless, its effects on MRT and PET are relatively weak. This is caused by the 

insignificant difference for their distances. The farthest park is only about 13 km from the sea while 

the affecting distance of sea breeze is farther than that. Hence it can be deduced that the sea affects a 

range of 10 km (an urban level) at least. Therefore, if in a larger scope, the effect of DTS on MRT and 

PET would be stronger. This result also echoes the research result that sea breeze can affect a distance 

range of more than 25 km (Pokhrel and Lee, 2011).  

 

6.4 Shortcomings and future outlook 

 

This paper has some contributions and fresh discoveries in the urban thermal environment domain. 

Yet admittedly, there are still some fields not covered. In the Gold Coast, as urban areas are closer to 

the sea than suburban ones, the effect of the sea on urban thermal environment are much stronger than 

that from UHI. The UHI effect of the whole city might be mitigated by the sea. Combining it with the 

effect of trees, it can be reasoned that the sea could adjust urban climate in a large scope, while trees 

can only implement it in a small degree. This would be a new discovery in climate features of coastal 

cities. However, only data from four meteorological stations is analysed, which cannot represent 

climate of the whole city. Hence it cannot comprehensively prove that the sea could mitigate the UHI. 

Therefore, there should be further studies implemented to confirm this deduction. A further and more 

macro analysis is required. Moreover, the relationship between park point condition and thermal 

condition (PSVF and ∆T, MRT, and PET) is not strong (R2 are less than 0.2). This may be caused by 

the unclear definition of SVF. SVF only shows the space openness, yet is cannot reflect the exact 

solar radiation of one place, due to the influence of orientation. Thus a more accurate definition of 

view factor that includes the position of the sun in demanded in the near future. It exhibits the 

necessity of continued study of this theme for the sky. 
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Appendix: Publications during the MPhil Study 

 

Publication related to this study 

Zhang J., Gou Z., Khoshbakht M., Lu Y.  & Shutter L. The cooling effect of urban parks in the city 

of Gold Coast, Australia. Urban Forestry & Urban Greening. Under Review 

Zhang J., Gou Z. Lin P. Cheng B. The effect of sky view factor on cooling coastal urban parks: a 

study in Gold Coast, Australia. Landscape and Urban Planning. To be submitted 

Publication not related to this study 

Cheng, B. Fu Y., Khoshbakht M., Duan L., Zhang J., Rashidian S., 2018. Characteristics of Thermal 

Comfort Conditions in Cold Rural Areas of China: A Case study of Stone Dwellings in a Tibetan 

Village. Buildings, 8(4): 49. 

Gou, Z., Zhang, J. and Shutter, L., 2018. The role of personal control in alleviating negative 

perceptions in the open-plan workplace. Buildings, 8(8): 110. 

Khoshbakht, M., Gou, Z., Lu, Y., Xie, X. and Zhang, J., 2018. Are green buildings more satisfactory? 

A review of global evidence. Habitat International. 
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