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Abstract: Melbourne is the second largest city in Australia, and its population is anticipated to reach 6.5 
million by 2050. In October 2013, Plan Melbourne was released by Victorian government, aiming to 
intensify several districts to protect the suburbs from urban sprawl. The City of Melbourne’s draft 
municipal strategic statement identified City North as a great urban renewal area which can 
accommodate a significant part of the growth. Given the previous heat-related incidence in Melbourne 
in 2009, the potential threat to human health and pedestrian comfort will be exacerbated, if planning 
professionals exclude climatic conscious urban design in their practices. Therefore, this study aims to 
investigate the effect of the future structural plans on the microclimate and pedestrian thermal comfort 
in City North through numerical simulations. A three dimensional numerical modelling system, ENVI-met 
was used for the simulation. Field measurements were conducted across the study area to validate the 
simulated outputs. A clear reduction was reported in the average daytime mean radiant temperature, 
surface temperature and PMV values after implementing “Plan Melbourne” strategies. The outcomes of 
this study will assist urban planners in developing the policies which can effectively decrease the 
vulnerability to the heat stress at pedestrian level. 
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1. Introduction 

There has been a drastic increase in the world population in recent years. New megacities are born, and 
current megacities become more populated (United Nations, 2014). The task of urban designers in 
accommodating increasing number of world population in urban areas, which cover only 3% of the 
world's land surface is very challenging, especially if the aim is to consider sustainability in the design 
process. Furthermore, urban climatic considerations are usually reported being neglected in the process 
of urban design, due to the lack of interdisciplinary works and constraints in transferring this knowledge 
into urban planning practices (Arnfield, 1990; Kleerekoper et al., 2012). This exclusion has  resulted in 
the rise of the most thoroughly documented human modification of climate in the atmospheric science, 
known as urban heat island (Oke, 1982). 

Increased air and surface temperatures trigger  heat-related diseases in cities, increase cooling 
energy demand and worsen  pedestrian thermal comfort (Moonen et al., 2012; Tapper, 2012). A study 
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conducted by IPCC (2011), indicate that the average temperature rise caused by urbanization will be 
greater than the temperature rise due to global climate change over the next 100 years. According to 
Victorian department of sustainability and environment, four days heat wave in Melbourne in January 
resulted in 374 excess deaths, mainly among vulnerable groups of people such as elderlies and children. 
This, highlights the significant role of urban design and urban planning in decreasing the pedestrian 
thermal discomfort, particularly during the heat waves.  

Rapid urbanization modify the outdoor thermal environment. Human thermal comfort is defined as 
the condition of the mind in which satisfaction is expressed as thermal comfort.  Study of Hoppe (2002), 
shows that the satisfaction is achievable when there is a balance between the heat flow from and to the 
body (Höppe, 2002). The factors influencing the individual’s outdoor thermal comfort are known to be 
the interaction of the air temperature, mean radiant temperature, relative humidity, and wind speed. 
Additionally, personal parameters such as metabolism rate and thermal insulation value of the clothing 
affect the thermal comfort. 

The air temperature is the temperature of the air surrounding the human body. Some of the scholars 
found that the effect of air temperature alone on pedestrian thermal comfort is insignificant (Matzarakis 
and Endler, 2010). Mean radiant temperature indicates the level of radiant temperature received by 
human body. The radiation includes all the radiative fluxes (direct, diffuse, reflected solar radiation and 
longwave emittions from the surfaces. Radiation is very important in comfort studies, particularly in 
outdoor environments. The reason is that there is a substantial level of radiation in outdoor 
environment which affect the thermoregulatory system of human body (Kenny et al., 2009). Relative 
humidity defines the ability of an individual to lose heat via evaporation (sweat). Wind speed and 
direction are important factor in dissipating the heat via convection. Metabolic heat influences the 
comfort level, as each individual gains different level of heat via different activities. The thermal 
insulation of clothing defines the thermal resistance between the human body and environment.  

The relationship between urban design parameters and pedestrian thermal comfort has been the 
subject of many studies (Golany, 1996; Sanaieian et al., 2014). Some of these studies examined the 
influence of city design on wind flow and reported the effective role of ventilation in mitigating the high 
urban air temperatures and improving thermal comfort (Oke, 1982; Kim and Baik, 2005). The other 
studies focused on the effect of urban design strategies on the magnitude of received solar radiation 
and its outcome on pedestrian thermal comfort (Santamouris, 2013). 

Australia is one of the highly urbanized nations in the world, as 75 to 82 % of its population live in 
urban areas (Australian Bureau of Statistics, 2011). Melbourne is the second largest city in Australia. The 
population of Melbourne is projected to growth by at least 25% in the next ten years to reach to 6.5 
million by 2050. Melbourne has undergone a tremendous transformation during the last two decades, 
both through city-centre regeneration and outer-suburban developments. Nowadays, the city is 
experiencing a rapid development mainly in its central area. To outline the vision for Melbourne’s 
growth to the year 2050, “Plan Melbourne”, was released in October 2013, by Victorian government. 
This study aims to examine the impacts of future structural plans on microclimate and pedestrian 
thermal comfort. 

1.1. Plan Melbourn aims and objectives 

One of the principles of “Plan Melbourne” is the idea of “An Expanded Central City”. Melbourne’s 
central city will become Australia’s largest business and residential centre by 2050. The existing central 
city comprising the CBD and Docklands will be expanded to include City North.  
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The existing built form in City North is predominantly a low-mid scale. This, includes dwellings, 
institutional buildings, offices and other uses. Structure plans provide guidance to the community, 
planners, business, government and developers about the appropriate directions and opportunities for 
future changes. According to the structure plans, this area will be developed to provide a diverse mix of 
uses associated with more dense urban environments. Proposing various street typologies, expanding 
urban forest by increasing the canopy coverage and transition from low-rise to medium rise urban area 
are some of the strategies presented in “Plan Melbourne”. Figure 1 shows a potential future built form 
in City North according to the structural plans. Future development of this area without considering its 
microclimatic consequences may result in adverse impacts on the climate of the city and pedestrian 
thermal comfort. Additionally heat island effect is exacerbated by urban consolidation and rapid urban 
developments. But, promoting holistic urban design and planning policies would significantly mitigate 
the adverse impacts of urbanization on climate of the cities and public health. Therefore it is highly 
important to investigate the possible future consequences of “Expanded Central City” on microclimate 
and outdoor human thermal comfort. Because, thoughtful design of future structural plans would 
significantly change the thermal environment, manipulate microclimate through alterations in the 
surface energy balance and avoid extreme events such as heat waves. 

 

 

Figure 1: Potential future built form in City North (Source: www.melbourne.vic.gov.au). 

2. Methodology 

This study aims to investigate the effect of future structure plans at a neighbourhood scale. Therefore, 
field measurement alone was not enough to answer the research questions at this size. On the other 
hand, assessment of the outdoor pedestrian thermal comfort is a very challenging task, due to the 
complex interactions between the built environment, vegetation, and atmosphere. ENVI-met (V3.1, Beta 
4) is selected as an appropriate tool to investigate the effect of various urban design strategies on 
microclimate and pedestrian thermal comfort. ENVI-met is a three-dimensional microclimate model that 
simulates the interaction between surfaces, plants and air in an urban environment with a typical 
resolution of 0.5 -10 meter in space and 10 seconds in time. Simulations are at least for 24 hours, but to 
achieve more accurate results, it is recommended to run the simulations for 48 hours (Bruse, 2010). The 
original model is summarized in (Ali-Toudert, 2005).  
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ENVI-met is chosen in this study, because it is the most comprehensive model in regards to the 
calculation of outdoor thermal comfort. Furthermore, the outputs of ENVI-met include four main 
parameters that affect the human thermal comfort; air temperature, mean radiant temperature (T mrt), 
wind speed and relative humidity.  

The underlying equations for the physical model has roots in a) temperature and humidity, b) mean 
air flow, c) turbulence and exchange process and d) radiative fluxes. The calculations of temperature, 
humidity, turbulence and exchange processes are explained by Bruse and Fleer (Bruse and Fleer, 1998). 
ENVI-met has all the algorithms of a CFD, such as Navier-Stokes equations for the air movement, E-e for 
atmospheric flow turbulence equations, energy and momentum equations and boundary condition 
parameters. The advantage of ENVI-met over CFD, is that ENVI-met dedicates a special numerical model 
for the soil, plant, surface and the air and calculates the interactions among these parameters. 
Additionally, ENVI-met is capable of predicting the outdoor thermal comfort, via meteorological inputs 
as well as human biometeorology factors. Calculation of short-wave radiation in ENVI-met is conducted 
via the sky view factors in the urban canyons, the albedo of urban surfaces and the leaf area index of the 
vegetation in the area input file. Long-wave radiation is calculated by taking the wall’s horizontal long-
wave emissions into account. These emissions can be either coming from the ground or from the sky. 
Calculation of surface temperature is conducted via the balance of all net-wave radiation and heat fluxes 
from both hemispheres. Further details about the equations and architecture of ENVI-met model are 
presented in (Ali-Toudert, 2005).  

Figure 2 illustrates a schematic layout of ENVI-met model. The model consists of several sub-models. 
The main 3D model that which consist of grid cells is developed to create buildings and vegetation. The 
size of the grid cell depends on the size of the area input file and required resolution for the output 
parameters. The main model starts from the ground level to a height of at least twice the maximum 
building height in the domain. The air movement around the building is also calculated in this model. 

Second is a 1D model that is located above the main module and it creates a boundary condition, 
which extends to a height of 2500 meter (Wania et al., 2012). Third is a 2D soil model which is located 
below the main module, and it goes 2 meter below the ground level. The main task of this model is to 
calculate the heat and moisture transfer in the soil. In order to achieve a numerical stability, there are 
some lateral borders around the main model which are known as “nesting grids”. 

In ENVI-met, the soil is modelled in detail. The thickness of the soil layer increases by moving from 
the ground to the deeper parts of the ground.  Each grid cell has a soil profile which is characterized by 
its thermal and moisture properties.  

In ENVI-met vegetation are characterized by their leaf area density (LAD), i.e. the total one-sided leaf 
area (m

2
) per unit layer volume (m

3
) in each horizontal layer of the tree crown. The ( LAD) for a specific 

plant is a total of the ten LAD in different horizontal layers. In contrast with the soil and vegetation 
models, building model is greatly simplified in ENVI-met. Because buildings are characterized only by the 
albedo and thermal transmittance (U value). Furthermore, same values are applied to all the walls and 
roofs. 

The vegetation model is formed on a 1D column with a height of zp . The distribution and the 
amount of the leafs in a tree is presented in its leaf area density (LAD) profile (Bruse, 2014). The plants 
are also defined by their root area density (RAD). RAD, begins from the surface and it goes below the 
root depth.  The soil model, is a one D model with three layers, with three different layers (0- 20 cm, 20-
45 cm, and 45-175 cm). The type of the soil can be different at each level. ENVI-met package has some 
default plant and soil database. However, the unique characteristics of Melbourne’s vegetation are not 
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listed in the package. Measuring and calculating the leaf area index, foliage feature of the plants and soil 
characteristics are not included in this study. Therefore the default trees are customized according to 
the characteristics of the trees in the study area (the alteration was made on the height of the trees).  

 

Figure 2: Basic layout of ENVI-met (Source: www.model.envi-met.com).  

2.1. Simulation and verification  with field measurements 

In majority of studies using ENVI-met, some minor or major modifications were made to the inputs or 
boundary conditions of the model, to increase the accuracy of the model. In this study, seven points are 
selected to conduct a validation assessment for the air temperature and relative humidity. 

 

 

Figure 3: Locations of the selected points for the field measurement (source: www.au.nearmap.com). 

The measurement points are located in seven urban canyons that differ from each other, in terms of 
the orientation, aspect ratio, surface material and proximity to the vegetation. Figure 3 shows the 
boundary of the selected area in City North and indicates the location of the measurement points. The 
characteristic of each measurement point is listed in Table 1. 
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Table 4: Descriptions  of different measurement points. 
Point Description SVF Pavement H/W 

1 Open space 0.9 Asphalt  
2 Under the tree canopy in an urban park 0.26 Grass  
3 Est-west canyon 0.5 Asphalt 0.4 
4 NW-SE canyon 0.4 Grass 0.8 
5 NW-SE canyon 0.4 Asphalt 2.7 
6 N-S canyon 0.7 Asphalt 0.5 
7 Under the tree canopy in a street 0.3 Grass 1.4 

Nikon Coolpix 5400 with Fish eye Converter FC-E9  0.2x ( to capture the sky view factor image at 
each point), a portable weather station (located at point 1 to monitor the climatic data in an open area), 
HOBO data loggers ( installed at points 3,4,5,6) and comfort carts ( installed at points 2,7) were used to 
conduct field measurements in 6

th
 and 7

th
 January 2015 (typical hot summer days in Melbourne). The air 

temperature, relative humidity, wind speed and mean radiant temperature were recorded. The 
simulation was run with the recorded climatic data for 6

th
 January for the validation purpose. Figure 4 

illustrates the area input file with the existing buildings, vegetation pattern, pavements and shows the 
location of the receptors.  

 

Figure 4: Area input file in ENVI-met and locations of the receptors. 

The area input file is configured with the climatic data recorded by portable weather station at point 
1. The initial air temperature, relative humidity, wind speed and direction obtained from point 1 were 
inserted in the configuration file.  Point1 is located in an open space which is the best location to 
monitor the meteorological parameters of the study area. One of the limitation of the software is that 
the model does not allow a variation for the building envelope properties, U-values or internal 
temperatures for individual buildings. All the calculations in this version of ENVI-met are based on the 
initial inputs of the air temperature, humidity and wind speed which are kept constant during the 
simulation. A logarithmic law is used in calculating the wind profile, based on the wind speed at 10 
meter above the ground level as well as the roughness length. Calculations of the air temperature and 
humidity is also based on the initial temperature, specific humidity at 2500 meter and relative humidity 
at 2 meter above the ground level. Therefore, hourly forcing of the data was not possible. 

As discussed, plants in ENVI-met are characterized by the type of the plant according to the CO2 
fixation, plant type (whether it is deciduous, conifers or grass), short wave albedo of the plant, the 
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height of the plant, total depth of the root zone, leaf area density and root area density f or 10 different 
horizontal layers. According to Melbourne’s urban forest visual, vegetation in the study area are 
categorized into Eucalyptus, Platanus (plane trees), Ulmus (Elms), Corymbia (Gums) and Quercus (Oaks). 
Eucalyptus and Gums are native Australian plants which are categorized as evergreen. Whereas the rest 
are exotic vegetation. A major constraint of the specified values for vegetation functional types and 
their form (shape, structure and size) is that they are broad and generalised and not specific to 
individual species. We modified some of the plant properties in the Plant database to make them as 
close as possible to the real plants. However the vegetative species within the study site were diverse 
and we had a limited number of plants in the plant database. Table 2 and 3 list the name of the 
vegetation which are employed in the area input file. The information in the configuration file is listed in 
Table 4. 

Table 2: List of the plants used in the simulation. 
Street name Vegetation used in ENVI-met 

Grattan Street T1,ds,h,g,dm,bs,L1,Mo,Sk,TH, 
Swanston Street T1,ds,L1 
University Square dm,TH,A1,h 
Leicester Street B1,bs,T1,g,TH,h,C1,ds,T2,Mo,D1 
Barry Street B1, D1, h,C1, L2, TH,L1, Sk 
Berekeley Street L1,TH,D1,dm,ds 
Elizabeth Street T2,L1,g,TH,ds 
Victoria Street dm, Mo,  A1, TH 
Queensberry Street TH, dm, D1,T2, B1, C1, Sk, T1,g 
O’connel Street ds,D1,Mo 
Peel street TH, L1,D1 
Pelham Street B1, ds 

Table 3: List of the plants used in the simulation. 

Plant’s name in ENVI-met Description 

T1 Tree 10 m very dense, leafless base 
ds 10 m dense, distinct crown layer 
DM 20 m dense., distinct crown layer 
dm Tree 20 m dense., distinct crown layer 
A1 Tree, light 10 m 
B1 Tree 3m dense, distinct crown layer 
C1 Tree 3 m very dense, leafless base 
D1 Tree, light 3 m 
TH Tree 15m dense, distinct crown layer 
L2 Tree, light 20 m 
L1 Tree, light 15 m 
Mo Tree 20m aver. dense., no distinct crown layer 
T2 Tree 15 m very dense, leafless base 
SK Tree 15 m very dense, distinct crown layer 
bs Tree 20 m dense, distinct crown layer 
g Grass 50 cm aver. dense 
h Hedge dense, 2m 



914 E. Jamei and P. Rajagopalan 

 
 

Table 4: Initial set up for the configuration file. 
Input value 

Start simulation  12 am (6.1.15)- 12 am (8.1.2015) 

Total simulation time 48 hours 

Save mnodel state 60 min 

Wind speed in 10 m a.b ground 1.7 m/s 
Wind direction 171 

Roghness lenght 0.1 

Initial temperature armosphere  297K (24 C) 

Specific humidity in 2500 meter above ground level 9.5 

Relative humidity in 2 m 57% 

Building’s inside temperature 19.85 C 

Heat transmisssion of the walls 1.94 

Heat transmisssion of the roofs 6 

Albedo walls 0.2 

Albedo roofs 0.3 

Factor of shortwave radiation 1  

The air temperature and relative humidity are compared between the simulated outputs and 
measured values for 

th
 January 2015, at the selected points. Regression analysis is carried out to 

examine whether there is a significant discrepancy between the simulated outputs and measured 
values. Table 5 presents the R square values for points 1 to point 7. According to Table 5, there is an 
acceptable agreement between the measured and simulated values for the air temperature in the 
majority of the locations (R

2
> 0.5). The lowest level of R

2
 is achieved at point 6, by 0.32. A plausible 

explanation is due to the proximity to the construction site, which is resulted in higher measured air 
temperature. However, there is a perceptible difference between the measured and simulated relative 
humidity. Therefore, series of sensitivity analysis were conducted, to improve the accuracy of the model 
by decreasing the difference between the simulated and recorded outputs. 

Table 5: Comparison between the simulated and measured air temperature and relative humidity at 
different selected points in the study area. 

Point R Square ( R2) Air temperature R Square ( R2), Relative humidity 

1 0.97 0.64 
2 0.96 0.57 
3 0.66 0.14 
4 0.51 0.10 
5 0.69 0.44 
6 0.32 0.56 
7 0.92 0.74 

3. Results and discussions 

In this study, we quantified the effect of “Plan Melbourne” strategies on the air temperature, mean 
radiant temperature, surface temperature and PMV, as a thermal indices. We used PMV as a thermal 
index to show the thermal condition across the study area after the modifications caused by “Plan 
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Melbourne”. PMV is described as “the index that represents the mean thermal sensation vote on a 
standard scale for a large group of persons for any given combination of the thermal environmental 
variables, activity and clothing levels” (Van Hoof, 2008). We calculated thermal comfort for a 1.7 m 
height male, with light summer clothing value (0.5), 0.3 m/s walking speed, and 116 Wm

-2 
metabolic 

heat. The output results of the heat balance equation derive a seven-point scale of an individual’s 
comfort level according to the ASHRAE comfort scale. Table 6 lists PMV’s different scales of comfort 
level. 

Table 6: PMV thermal comfort level scale. 

Thermal comfort level Scale 

Hot +3 

Warm +2 

Slightly warm +1 

Thermally neutral 0 

Slightly cool -1 

Cool -2 

Cold -3 

The simulated output variables selected to compare microclimatic conditions and human thermal 
comfort across the study area are the average daytime surface temperature, mean radiant temperature 
and predicted mean vote (PMV). These output parameters were assessed as an average across the 
model domain for 48 hours. The distribution of the surface temperature, mean radiant temperature and 
PMV values across the study site was calculated by obtaining an hourly area average of each grid point 
within the model domain by the EXTRACT tool. 

The average PMV distribution across the study area is shown in Figure 5. It demonstrates that future 
scenario display lower values of predicted mean vote than the existing condition. At the existing 
condition, the highest level of PMV is depicted at mid-afternoon by 4pm. Increased building height and 
tree canopy coverage caused by implementing the “Plan Melbourne” strategies will be resulted in 
deeper geometric form of urban canyons. The maximum reduction in average daytime PMV, was 
recorded at mid-afternoon by 0.6. Figure 5, 6 and 7 show that shallow urban canyons exhibit higher 
level of the surface and mean radiant temperature than the future scenario. The surface temperature at 
the existing condition is slightly greater than the future scenario, whereas the difference on the mean 
radiant temperature (which is the most important parameter in calculating pedestrian thermal comfort) 
between the existing and future scenario, reaches to 5.2 C ° in the late afternoon. A plausible 
explanation for this reduction is that trees reduce the SVF, providing shade during the day and 
substantially reduced street canyon T mrt and improved comfort condition at pedestrian level.  
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Figure 5: Daytime (9 am- 18 pm) distribution of PMV values at current and future scenario. 

 

Figure 6: Surface temperature distribution in the existing and future scenario. 

 

Figure 7: Mean radiant temperature distribution in the existing and future scenario. 
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4. Conclusion 

This study aims to investigate the effect of future structural plans on the microclimate and human 
thermal comfort in one of the rapidly growing urban area in northern part of Melbourne. Structural 
plans provided a perspective for potential future built form and landscape features across the study 
area. Increasing the building height and tree canopy coverage by 26%, are listed as strategies in the 
future structure plans. We selected ENVI-met as an appropriate numerical model to predict the 
microclimate change that will be imposed through “Plan Melbourne”, as it is capable of predicting the 
outdoor thermal comfort, via meteorological inputs as well as human biometeorology factors. Network 
of monitoring stations in the study area provided a representative picture of different urban canyons 
and allowed the opportunity to verify the accuracy of the model at different locations and at different 
times of the day. This study is conducted via numerical simulations and the simulated outcomes were 
verified against the field measurements. A typical summer day is selected to monitor the air 
temperature, relative humidity, wind speed and direction in seven different urban canyons in the study 
area. The accuracy of the model is improved by conducting series of sensitivity analysis.  

The findings of this research emphasis on the important role of urban planning strategies in 
improving the summertime discomfort at pedestrian level. Average daytime thermal comfort (PMV), 
mean radiant temperature (Tmrt) and surface temperature (Ts) are calculated across the study area for 
the existing condition and future scenario under the summertime condition. The results show an 
improvement in the thermal condition at pedestrian level in the future scenario, as lower level of PMV, 
Tmrt  and Ts are depicted.  

Future works will examine the impact of the pavement material, urban parks and green roofs to 
further improve the summertime thermal condition at pedestrian level. Additionally, the impact of these 
strategies will be investigated across various street hierarchies (as defined by “Plan Melbourne”), to 
understand the role of urban geometry on the microclimate of the cities.  

In conclusion, there are innumerable possibilities for the future urban form, geometry, landscape 
design and pavement materials and this will dictate the prevailing microclimatic condition and 
pedestrian thermal comfort. Therefore, it is essential to examine the potential influence of planning 
strategies on the microclimate of the cities, particularly in high density developments. 

References 
Ali-Toudert, F. (2005) Dependence of outdoor thermal comfort on street design in hot and dry climate, 

Universitätsbibliothek Freiburg. 
Arnfield, A. J. (1990) Street design and urban canyon solar access, Energy and Buildings, 14(2), 117-131. 
Australian Bureau of Statistics (2011) 'Regional population growth Australia '. 
Bruse, M. (2010) 'ENVI-met version 3.1', ENVI-met Model Homepage. http://www.envi-met.com. 
Bruse, M. (2014) ENVI-met Version 3.1 BETA V. 
Bruse, M. and Fleer, H. (1998) Simulating surface–plant–air interactions inside urban environments with a three 

dimensional numerical model, Environmental Modelling & Software, 13(3–4), 373-384. 
Golany, G. S. (1996) Urban design morphology and thermal performance, Atmospheric Environment, 30(3), 455-465. 
Höppe, P. (2002) Different aspects of assessing indoor and outdoor thermal comfort, Energy and Buildings, 34(6), 

661-665. 
Kenny, N., Warland, J., Brown, R. and Gillespie, T. (2009) Part A: Assessing the performance of the COMFA outdoor 

thermal comfort model on subjects performing physical activity, International Journal of Biometeorology, 53(5), 
415-428. 

http://www.envi-met.com/


918 E. Jamei and P. Rajagopalan 

 
 

Kim, Y.-H. and Baik, J.-J. (2005) Spatial and Temporal Structure of the Urban Heat Island in Seoul, Journal of Applied 
Meteorology, 44(5), 591-605. 

Kleerekoper, L., van Esch, M. and Salcedo, T. B. (2012) How to make a city climate-proof, addressing the urban heat 
island effect, Resources, Conservation and Recycling, 64(0), 30-38. 

Matzarakis, A. and Endler, C. (2010) Climate change and thermal bioclimate in cities: impacts and options for 
adaptation in Freiburg, Germany, International Journal of Biometeorology, 54(4), 479-483. 

Moonen, P., Defraeye, T., Dorer, V., Blocken, B. and Carmeliet, J. (2012) Urban Physics: Effect of the micro-climate 
on comfort, health and energy demand, Frontiers of Architectural Research, 1(3), 197-228. 

Oke, T. R. (1982) The energetic basis of the urban heat island, Quarterly Journal of the Royal Meteorological Society, 
108(455), 1-24. 

Sanaieian, H., Tenpierik, M., Linden, K. v. d., Mehdizadeh Seraj, F. and Mofidi Shemrani, S. M. (2014) Review of the 
impact of urban block form on thermal performance, solar access and ventilation, Renewable and Sustainable 
Energy Reviews, 38, 551-560. 

Santamouris, M. (2013) Energy and climate in the urban built environment, ed., Routledge. 
Tapper, N. (2012) Adapting Urban Environments to Climate Change: A Case Study of Melbourne Australia, in M. 

Robertson (ed.), Schooling for Sustainable Development:, Springer Netherlands, 185-198. 
United Nations (2014) Department of Economic and Social Affairs, Population Division, Urban Agglomerations. 
Van Hoof, J. (2008) Forty years of Fanger’s model of thermal comfort: comfort for all?, Indoor Air, 18(3), 182-201. 
Wania, A., Bruse, M., Blond, N. and Weber, C. (2012) Analysing the influence of different street vegetation on 

traffic-induced particle dispersion using microscale simulations, Journal of environmental management, 94(1), 
91-101. 


