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Abstract 
Development of individual building in existing district is common in high-density cities due to the 

limited space. Such development affects the local microclimate naturally, but the interaction is 
ignored in current building design practices. In this study, a comprehensive and systematic 
analysis is conducted to investigate the mutual impacts between new individual building design 

and local microclimate considering the interaction, and to identify the major influential building 
parameters on both local microclimate and building energy performance in subtropical urban 
area. A large number of high-resolution microclimate and building simulations are performed 

based on advanced GIS spatial analysis techniques under different building designs for the 
assessment of mutual impacts. A global sensitivity analysis is conducted to identify the major 
influential building parameters. The results show that different building designs lead to significant 

variation of local wind velocity (i.e., −0.95 to +4.51 m/s) and air temperature (i.e., −0.60 to +1.17 K), 
while the local microclimate results in a change in the building energy consumption from −41.75 
to 291.54 kJ/m2. The major influential parameters on both pedestrian thermal discomfort and 

building energy performance are building height and overall heat transfer coefficient of the 
building envelope. This study provides valuable references for new building or rebuilding design 
in order to facilitate carbon neutrality and enhance thermal comfort in urban area. 
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1 Introduction 

The world has been experiencing rapid urbanization    
in the past decades. Currently, around 56% of global 
population live in urban areas, and this percentage will 
continue to increase to 61% by 2030 according to the 
United Nations (Sun et al. 2020). In order to cope with 
the increase in population and improve the quality of   
the living environment, new building development or 
building renewal becomes common in the high-density 
cities. The new development could modify the ambient 
local microclimate, such as block the wind flow and affect 
the heat removal. One of the major phenomena is the 
urban heat island (UHI) effect. An UHI refers to an urban 
area with higher temperature than its rural surroundings. 
The UHI could contribute to thermal discomfort of urban 

residents and even heat-related illnesses. Therefore, much 
attention has been paid to the local microclimate affected 
by the building design. 

In the past decade, increasing efforts have been made 
on investigating the impacts of district design on the local 
microclimate (Middel et al. 2014; Ali-Toudert and Böttcher 
2018; Sezer et al. 2023). According to the analysis results, the 
design of district can have significant impacts on surrounding 
local microclimate at different climate conditions. For 
instance, the local air temperature was increased by up to 
6 K in Constantine, Algeria with a Mediterranean climate 
(Bourbia and Boucheriba 2010). Not only the morphology but 
also the thermal characteristics have effect on the surrounding 
local microclimate. The variations of district morphology 
can result in the increase of local air temperature up to  
2.5 °C in Zürich, Switzerland (Allegrini and Carmeliet 
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List of symbols 

3D 3-dimentional 
Cμ model constant 
CFD computational fluid dynamics 
Ddiscom pedestrian thermal discomfort degree 
DO discrete ordinates 
GIS geographic information systems 
Iz turbulent intensity 
kz turbulent kinetic energy 
lz turbulence integral length 
PETave average PET 
PETfemale PET of female 
PETmale PET of male 

PETn neutral physiological equivalent temperature 
RANS Reynolds-averaged Navier-Stokes 
SPEA Spearman correlation coefficient 
TMY typical meteorological year 
UHI urban heat island 
Us velocity at the reference height 
Uz vertical velocity profile 
z vertical coordinate 
zs reference height 
α power-law exponent 
εz turbulence dissipation 

  
 
2017). The application of cooling material with high 
albedo on building envelope design can lead to the decrease 
of local air temperature up to 0.7 °C in Thessaloniki, Greece 
(Tsoka 2017). 

The representative studies are selected in Table 1. The 
methods used to quantify the impacts can be classified into 
two categories, i.e., on-site monitoring and simulation. The 
simulation software includes FLUENT, STEVE, UWG, 
SOLENE, OpenFOAM and ENVI-met. The studied period 
varies from a selected hour to one year. For instance, Li   
et al. (2023) evaluated microclimate performances in three 
typical types of residential public spaces, and investigated 
their relationship with surrounding microclimate during 
summertime heat waves. Dimoudi et al. (2013) conducted 
the on-site monitoring of local air temperature and wind 
velocity under the variations of district geometry and street 
configuration in urban district in Greece, Serres in a summer 
month. Bueno et al. (2013, 2014) utilized the UWG to predict 
the local air temperature in urban district with different urban 
parameters settings in Switzerland, France and Singapore. 
Though the UHI effect can be estimated by the UWG in 
different climates, the simplifications and assumptions of 
the parametric model prevent it from capturing very 
site-specific microclimate effects. It can be observed that 
existing studies mainly investigate the impacts of district 
design rather than individual building design on the local 
microclimate (Ali-Toudert and Böttcher 2018). Only limited 
samples are used for monitoring or simulation of local 
microclimate to investigate the impacts of district design. 
Simplified geometry model of the neighborhood/district is 
usually used while ignoring the real terrain (Ali-Toudert and 
Böttcher 2018). 

At the meanwhile, the impacts of local microclimate 
can also impact on the building performance significantly 
in different climate conditions and concerning different 

building types (Xie et al. 2020). For instance, when the 
local air temperature was increased by around 1.1–1.2 K, 
the building cooling load was increased by 5% in Zürich, 
Switzerland with a temperate maritime climate (Mosteiro- 
Romero et al. 2020), but by up to 41% in Milan, Italy with a 
Mediterranean climate (Paolini et al. 2017). In Rome, the 
variation of the local microclimate increased the cooling 
load by up to 74% in residential buildings, while by 53% in 
office buildings (Zinzi et al. 2018). 

The representative studies are summarized in Table 2. 
The climate condition investigated varies from temperate 
to tropical, and from continental to maritime. Building 
cooling and heating loads are the major building performance 
concerned. A few studies also investigated the impacts  
on cooling/heating degree days, indoor air temperature, 
dehumidification load, and night ventilation cooling potential 
(Paolini et al. 2017; Xie et al. 2020; Shen et al. 2021). 
Simulation method is usually adopted to quantify the impacts. 
The simulation software includes IES-VE, TRNSYS, EnergyPlus, 
DeST, City Energy Analyst, WUFI Plus, BuildSysPro and 
Citysim. The simulation period varies from a typical day 
to several years. For instance, Ge et al. (2023) investigated 
the effects of the vertical meteorological pattern on the 
building heating and cooling energy demands for high-rise 
buildings, which lead to an increase of heating load 0.7–  
1.6 kWh/m2 (16%–52%) and an increase of cooling load 
0.0–0.1 kWh/m2 (0–1%) in the residential blocks in Xi’an, 
China. Guattari et al. (2018) utilized TRNSYS to simulate 
the cooling and heating energy demand of a reference building 
in order to investigate the effect of UHI on building energy 
performance in Rome, Italy. Two-year monitored weather 
data in suburban area and urban center were used for the 
estimation of UHI effect. Cui et al. (2017) investigated the 
impact of UHI effect on cooling and heating load of a 
reference building in Beijing, China using DeST. One-year  
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monitored weather data collected from ten rural stations 
and seven urban stations in Beijing were used for the UHI 
effect estimation. It can be observed that most existing 
studies just use the monitored meteorological data with 
UHI effect to simulate the building performance of the 
reference building, while the impacts of building design 

itself on the local microclimate and the impacts of local 
microclimate on different building design are always ignored 
(Allegrini et al. 2012; Yassin 2013; Zinzi et al. 2018). 

Though considerable work has been done to investigate 
the impacts of building design on local microclimate and 
the impacts of local microclimate on building performance  

Table 1 Representative studies on the impacts of building design on local microclimate 

Reference Location and climate 
Building-related factors 

concerned 
Research  

scale 
Quantification  

method Period 
Impacts on 

microclimate 

Ge et al. 2023 
Xi’an, China; 
Temperate 
continental 

Land area, floor area ratio, 
building density, average 
building height, height fall, 
enclosure degree, sky view factor 

District On-site monitoring 6 typical 
sunny days 

T: −0.8 K; WS: +0.2 
to +0.8 m/s 

Deng et al. 2023 Guangzhou, China; 
Subtropical humid 

Sky view factor, building 
coverage ratio District On-site monitoring 2 days T: +1.76 to +2.89 K; 

WS: −0.75 to −0.53 m/s

Li et al. 2023 Hong Kong, China; 
Subtropical humid Three types of public spaces District On-site monitoring Summer 

days 

T: +0.75 to +2.14 K; 
RH: −5.01% to 1.85%; 
WS: 0 to +0.27 m/s 

Ali-Toudert and 
Böttcher 2018 

Mannheim, 
Germany; Temperate 
continental 

Thermal insulation, thermal 
inertia, albedo and emissivity 
of building envelope, street 
aspect ratio, plan density 

Neighborhood Simulation (TEB) One year T: −1.21 to +0.34 K 

Allegrini and 
Carmeliet 2018 

Zürich, Switzerland; 
Temperate maritime 

Building configuration  
of district District Simulation  

(ENVI-met) 
An extreme 
hot day 

WS: −1.7 to −0.1 m/s; 
T: −0.7 to +1.2 K 

Bueno et al. 2013 
Basel, Switzerland; 
Toulouse, France; 
Temperate maritime 

Thermal properties of 
construction materials City Simulation (UWG) 1 year T: +2.4 to +3.6 K  

Tsoka 2017 Thessaloniki, Greece; 
Mediterranean 

Cooling materials of building 
(emissivity and albedo), district 
aspect ratio 

District Simulation  
(ENVI-met) 

A typical 
summer day 
under clear 
sky condition 

T: −0.5 to −0.7 K 

Allegrini and 
Carmeliet 2017 

Zürich, Switzerland; 
Temperate maritime 

Building height topologies of 
district District Simulation  

(OpenFOAM) 
A selected 
hour T: +1.5 to +2.5 K  

Bourbia and 
Boucheriba 2010 

Constantine, 
Algeria; 
Mediterranean 

Street height/width ratio, sky 
view factor District On-site monitoring 1 month T: +3 to +6 K 

Merlier et al. 
2019a 

Lyon, France; 
Continental 
temperate marine 

Building configuration  
of district District 

Simulation 
(SOLENE- 
microclimat) 

2 selected 
days T: +0.1 to +2.7 K  

Dimoudi et al. 
2013 

Serres, Greece; 
Mediterranean 

District geometry and street 
configuration District On-site monitoring 1 month 

WS: −67% to −75%; 
T: +5 to +5.5 K in 
afternoon and night, 
−7 K in morning  

Hang and Li 
2010 

Zürich, Switzerland; 
Temperate maritime District geometry and albedo District Simulation (CFD) A summer 

afternoon T: +1 K 

Xie et al. 2020 Reading, UK;  
Temperate maritime Building form Neighborhood On-site monitoring 1 year T: +0.27 to +0.73 K 

Shen et al. 2021 Shenzhen, China;  
Subtropical monsoon 

Building height, aspect ratio, 
compactness ratio, number  
of footprint vertices 

District Simulation (UWG) 1 week T: +5.9 K 

Ignatius et al. 
2015 

Singapore; Tropical 
rainforest 

Floor area ratio, gross site 
coverage, open space ratio, 
number of stories, sky view 
factor 

District Simulation (STEVE) — T: −1.3 K  

Note: T, WS and RH refer to the air temperature, wind speed and relative humidity, respectively. 
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(Mutani and Fiermonte 2016; Ali-Toudert and Böttcher 
2018, Allegrini and Carmeliet 2018), only a few papers   
(6 papers (Ignatius et al. 2015; Mosteiro-Romero et al. 2020; 
Xie et al. 2020; Shen et al. 2021; Diz-Mellado et al. 2023; 
Wang et al. 2024) among the reviewed 43 papers) study 
the mutual impacts between building design and local 

microclimate. For instance, Wang et al. (2024) established 
an interactive indoor-outdoor building energy modeling 
method to enhance the predictions of urban microclimates 
and building energy demands by coupling an urban physics 
model with a physics-based building energy model. Xie 
et al. (2020) conducted the one-year monitoring of the local 

Table 2 Representative studies on the impacts of local microclimate on building performance 

Reference Location and climate 
Variation of 

microclimate Building type 
Quantification 

method Period 
Impacts on building 

performance 

Ge et al. 2023 Xi’an, China; 
Temperate continental 

T: −0.8K; WS: +0.2 
to 0.8 m/s 

District in 
residential 
blocks 

Simulation 
(EnergyPlus) 1 month HL: +0.7 to +1.6 kWh/m2

Wang et al. 2024 Chicago, USA; 
Humid continental 

T: +5.5 K 
(maximum) 

A medium 
office building 

Simulation  
(coupling VCWG  
and EnergyPlus) 

1 month CL: −8.8 % to + 17.5 % 

Diz-Mellado et al. 
2023 

Seville, Spain; 
Mediterranean T: −4 to 14.4 K 

Three dwellings 
with an interior 
courtyard 

Simulation (HULC) 
Warmer months 
under cooling 
conditions 

CL: −18% to −8% 

Xie et al. 2020 Reading, UK; 
Temperate maritime T: −0.27 to +0.73 K A five-storey 

faculty building Simulation (IES-VE) 1 year 
HL: −10.8%; night 
ventilation cooling 
potential: +26% to +31%

Mosteiro-Romero 
et al. 2020 

Zürich, Switzerland; 
Temperate maritime 

T: −0.7 to +1.2 K; 
WS: −1.7 to −0.1 m/s

Real buildings 
in a district 

Simulation (City 
Energy Analyst) 

An extreme hot 
day CL: +5% 

Shen et al. 2021 Shenzhen, China; 
Subtropical monsoon 

T: +5.9 K;  
RH: −26.3% 

4 DOE 
reference 
buildings 

Classical equations 1 week 
Cooling degree days: 
+12.60%; heating degree 
days: −11.92% 

Ignatius et al. 2015 Singapore; 
Tropical rainforest T: −1.3 K District Simulation (STEVE) — CL: −4% 

Zinzi et al. 2018 Rome, Italy;  
Mediterranean 

T: +2.8 K in summer, 
+1 K in winter  

A residential 
building & an 
office building 

Simulation (TRNSYS) 3 years CL: +53 to +74%; HL: 
−18 to −21% 

Guattari et al. 
2018 

Rome, Italy; 
Mediterranean 

T: +2 K in summer, 
+1.6 K in winter 

A detached 
building Simulation (TRNSYS) 1 year CL: +30%; HL: -11% 

Palme et al. 2017 

4 South American 
Pacific coastal cities; 
Tropical rainforest & 
desert 

T: −1.15 to +0.59 K 
at night, +0.15 to 
+4.87 K in daytime

Single building Simulation (TRNSYS) A summer week CL: +15 to +200% 

Paolini et al. 2017 Milan, Italy; 
Mediterranean 

T: +1.1 K;  
H: −0.67 g/kg 

A residential 
building 

Simulation (WUFI 
Plus) 6 years 

HL: −12% to −16%;  
CL: +39% to +41%; 
dehumidification load: 
−74% to −78%;  
T: +1.4+1.5 K 

Salvati et al. 2017 Barcelona, Spain; 
Mediterranean 

T: +1.7 K in summer, 
+2.8 K in winter  

A residential 
building 

Simulation 
(EnergyPlus) 

Two summer 
days  

Sensible CL: +18% to 
+28% 

Cui et al. 2017 Beijing, China; 
Temperate monsoon 

T: +2.5 K in summer 
daytime, +8 K in 
winter nighttime  

A seven-storey 
office building Simulation (DeST) 1 year CL: +11%;  

HL: −16% 

Shi et al. 2019 Hong Kong, China; 
Subtropical monsoon 

T: +2.4 K;  
H: +0.68g/kg 

A high-rise 
residential 
building 

Simulation (DeST) 9 years Sensible CL: +100%;  
latent CL: +96% 

Merlier et al. 
2019b 

Lyon, France; 
Continental 
temperate marine 

T: +1.7 to +2.8 K A monozone 
building 

Simulation 
(BuildSysPro) 

Two selected 
days  

HL: −5% to −7%;  
CL: +23 to +100% 

Note: T, RH, H and WS refer to the air temperature, relative humidity, absolute humidity and wind speed, respectively; HL and CL refer to heating load and cooling 
load, respectively. 
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microclimate surrounding four different forms of building 
in Reading, UK. These meteorological data with local 
microclimate effect was further used to estimate the building 
performance of reference building. Mosteiro-Romero et al. 
(2020) utilized ENVI-met to simulate the local microclimate 
due to the presence of the district, and utilized City Energy 
Analyst to simulate the district’s energy demands considering 
the local microclimate effect on two hot days in Zurich, 
Switzerland. Though these studies consider both impacts of 
building design on local microclimate and impacts of local 
microclimate on building performance, the mutual impacts 
between them are not addressed thoroughly. The research 
gaps can still be observed in the existing mutual impacts 
studies. Firstly, the existing studies mainly investigate the 
impacts of district design rather than individual building 
design on the local microclimate (Allegrini and Carmeliet 
2018; Merlier et al. 2019a; Mosteiro-Romero et al. 2020). 
These district design parameters related to district density 
and district geometry (e.g., plan density, street height/width 
ratio and sky view factor) are useless in individual building 
design due to the existing surroundings. Though these 
research outcomes can be adopted in district/urban planning, 
they are insufficient to support the building design. 
Secondly, several existing studies investigate the impacts 
of building design on the local microclimate by monitoring 
or simulating the local microclimate using limited 
samples (Allegrini and Carmeliet 2018; Merlier et al. 2019a; 
Mosteiro-Romero et al. 2020). However, there is still a lack 
of comprehensive understanding of the major influential 
building parameters on both building performance and local 
microclimate to support the building design considering 
the mutual impacts. Thirdly, the simplified geometry model 
of the neighborhood/district used in existing studies ignores 
the real terrain (Allegrini et al. 2015; Allegrini and Carmeliet 
2018; Merlier et al. 2019a; Mosteiro-Romero et al. 2020), 
which may increase the bias of estimation on the impacts 
between buildings and local microclimate (Allen-Dumas et al. 
2022). Fourthly, the impacts of building design variations on 
the local microclimate and the impacts of local microclimate 
on building performance under different building designs are 
ignored when assessing the building energy performance 
(Lee and Jeong 2017; Merlier et al. 2019a; Mosteiro-Romero 
et al. 2020; Xie et al. 2020). 

Nowadays, the development or renewal of individual 
buildings in the existing district is a common practice 
compared with the full development of entire districts due to 
the limited available spaces in developed and high-density 
cities. However, very few papers (2 papers (Merlier et al. 
2019b; Xie et al. 2020) among the reviewed 37 papers) 
concern the impact of individual building design on local 
microclimate. The results show that four buildings with 
different morphologies in the same district can lead to 

the increase of local air temperature by 0.27–0.73 K (Xie 
et al. 2020). Therefore, a new design perspective is needed 
for developing individual buildings in existing high-density 
urban areas. 

In this study, a comprehensive and systematic analysis 
is therefore conducted to investigate the mutual impacts 
between new individual building design and the local 
microclimate considering the interaction between them in 
high-density cities, and to identify the major influential 
building parameters on both local microclimate (e.g., air 
temperature, wind velocity, and pedestrian thermal discomfort) 
and building energy performance in subtropical urban 
area. The mutual impacts are assessed based on 200 sets 
of building and microclimate simulations using different 
building designs. Advanced spatial analysis techniques based 
on GIS (geographic information systems) are adopted for 
high-resolution 3-dimentional (3D) microclimate simulation 
and building performance simulation. Based on the impact 
analysis, the major influential building parameters on both 
the local microclimate and building energy performance 
are finally identified by a global sensitivity analysis. The 
significance of this study is that strong mutual impacts 
between the new building design and urban local microclimate 
are demonstrated. It is necessary to consider the mutual 
impacts in the design of new buildings because the 
correlations between the parameters and the performances 
(i.e., building energy performance and pedestrian thermal 
discomfort) are significantly different. The outcomes of 
this study can provide the basis for the consideration of 
mutual impacts between buildings and local microclimate 
in new building or rebuilding design at the early stage to 
enhance both building energy performance and local 
microclimate. 

2 Overall research methodology and procedure  

2.1 Overview of the research case 

A new student dormitory building to be developed in 
Kowloon, Hong Kong is used as the case to investigate the 
mutual impacts between new individual building design 
and local microclimate in high-density city in this study. 
Figure 1 shows the aerial view of the study area and the 
location of the new building. The building will be located 
on a hillside nearby the Tat Hong Avenue, Kowloon, which 
is a dense and central urban area in Hong Kong. The 
maximum land area available for the new building is 
170 m × 125 m. Hong Kong is characterized by high-density 
and high-rise development. The climate in Hong Kong is 
subtropical monsoon. In summer, the average air temperature 
is approximately 28 °C and the average relative humidity 
is more than 80% (Wang et al. 2018), while in winter, the 
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ambient temperature below 10 °C is not common in urban 
areas (Li et al. 2018). The prevailing wind direction is from 
the east. 

2.2 Building parameters concerned 

A total of 6 building parameters affecting both building 
performance and local microclimate are considered in  
the mutual impact assessment and sensitivity analysis in 
this study as listed in Table 3. They can be classified  
into two main categories, i.e., building morphology and 
building thermal characteristics. The building morphology 
parameters include building height, building orientation, 
and building aspect ratio. The building thermal characteristics 
parameters include the overall heat transfer coefficient of 
building envelope, emissivity of wall, and heat rejection 
of air-conditioners. The variation ranges of the parameters 
are set as wide as possible by referring to the requirements 
in related design codes (Buildings Department 2014; GB/T 
51350 2019; Inanici and Demirbilek 2000) and the settings 
in previous research (Inanici and Demirbilek 2000; Allegrini 
and Carmeliet 2017; Ali-Toudert and Böttcher 2018). 

Building aspect ratio (Mohammad et al. 2015; Shen   
et al. 2021), building height (Bueno et al. 2013; Ignatius et al. 

2015; Allegrini and Carmeliet 2017; Shen et al. 2021), 
orientation (Ali-Toudert and Mayer 2006; Chen et al. 2017), 
emissivity (Hang and Li 2010; Bueno et al. 2013; Mutani 
and Fiermonte 2016; Tsoka 2017; Ali-Toudert and Böttcher 
2018), building height (Bueno et al. 2013; Ignatius et al. 
2015; Allegrini and Carmeliet 2017; Shen et al. 2021) and 
heat transfer coefficient (Ali-Toudert and Böttcher 2018) 
are the key influential parameters of building design affecting 
local microclimate, which are widely investigated in previous 
studies as shown in Table 1. It is worth noticing that the 
heat rejection of air-conditioners, as a major source of 
anthropogenic heat particularly in cooling-dominated regions 
(Mao et al. 2018), has not been investigated in previous 
studies on local microclimate but included in this study. 
Existing related research only focuses on the airflow and 
temperature near the condensing units of air-conditioners, 
to determine their optimum placement for enhanced 
system coefficient of performance (Chow et al. 2002; Avara 
and Daneshgar 2008; Liu et al. 2019). Though the district 
design parameters (e.g., district density (Bueno et al. 2013; 
Mohammad et al. 2013; Ignatius et al. 2015; Ali-Toudert 
and Böttcher 2018; Shen et al. 2021), district morphology 
(Dimoudi et al. 2013; Allegrini and Carmeliet 2017; Chen 
et al. 2017; Allegrini and Carmeliet 2018; Mosteiro-Romero 

 
Fig. 1 Aerial view of the study area and the location of the new building 

Table 3 Building parameters concerned in this study 

Category Parameter Range Unit 

Building height 6–200 m 

Building orientation 0 to 360  (°) Building morphology 

Building aspect ratio 1:1, 1.2:1, 1.4:1, 1.5:1, 2:1, 3:1, 4:1, 
5:1, 6:1, 7:1, 8:1, 9:1 — 

Overall heat transfer coefficient of building envelope 1.1–14.0 W/(m2·K) 

Emissivity of wall 0–1 — Building thermal characteristics 

Heat rejection of air-conditioners 75–150 W/m2 
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et al. 2020), street height/width ratio (Bueno et al. 2013; 
Theeuwes et al. 2014; Tsoka 2017; Ali-Toudert and Böttcher 
2018; Bourbia and Boucheriba 2020) and sky view factor 
(Bourbia and Boucheriba 2010; Ignatius et al. 2015)) are 
widely concerned in previous microclimate studies, they 
are not considered in this study because they are not the 
building design parameters affecting the building performance 
directly. In the research scenario with existing surroundings, 
the district design parameters which reflect the relationship 
of buildings can be determined by the three selected building 
morphology parameters. 

2.3 The procedure and methods 

In this study, the mutual impacts between individual 
building design and local microclimate are investigated and 
a global sensitivity analysis is conducted by varying the 
building parameters simultaneously. The detailed procedure 
is illustrated in Figure 2. Firstly, 200 scenarios of building 
design are generated using Latin hypercube sampling method 
(Bourbia and Boucheriba 2010) according to the ranges  
of the main building parameters concerned (as shown in 
Figure 3). Secondly, the local microclimate under each 
scenario of building design is simulated using Fluent based 
on the district 3D geometry model generated based on GIS 

under the hottest hour on the summer typical design day. 
3D steady Reynolds-averaged Navier-Stokes (RANS) CFD 
simulations of incompressible flow are performed using 
RNG k-ε turbulent model. The typical meteorological year 
(TMY) weather data is used as the weather data input 
for the local microclimate simulation in this study. After 
generating the microclimate effect for each building design 
under the hottest hour, the microclimate effect is added 
to each hour of the summer typical design day (including   
24 hours). Then the building energy performance for each 
scenario of building design is simulated for the summer 
typical design day (including 24 hours) considering the 
microclimate effect. using EnergyPlus. The weather data 
generated considering the microclimate impacts is used as 
the weather data input. Fourthly, the values of performance 
indexes under different scenarios are calculated based on 
the simulation results of local microclimate and building 
energy performance. The performance indexes include: 
(i). the average difference between pedestrian-level (i.e., 
3.0 m away from the building and 1.5m height in this study) 
air temperatures of the district with and without the new 
building (local air temperature difference in short in the 
rest of this paper); (ii). the average difference between 
pedestrian-level wind velocities of the district with and 
without the new building (local wind velocity difference in  

 
Fig. 2 Outline of the overall research methodology and procedure 
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short); (iii). the pedestrian thermal discomfort degree   
of the district considering local microclimate impacts 
(pedestrian thermal discomfort degree in short, Ddiscom); 
(iv). the building energy consumptions considering the 
interaction with local microclimate per area (the building 
energy consumption in short). Fifthly, mutual impact 
assessment is performed in Matlab based on the calculated 
performance indexes. The mutual impact assessment 

includes the analysis on the impacts of building design 
on local microclimate (e.g., air temperature, wind velocity,  
and pedestrian thermal discomfort), and the impacts of 
local microclimate on building energy performance. Based 
on the mutual impact assessment, the major influential 
building parameters on both the local microclimate and 
building energy performance are finally identified through 
a global sensitivity analysis. 

 
(a) Scenario 1 to Scenario 100 

 
(b) Scenario 101 to Scenario 200 

Fig. 3 200 scenarios generated by Latin hypercube sampling method 



Zhao et al. / Building Simulation / Vol. 18, No. 1 

 

107

3 High-resolution 3D microclimate simulation and 
building simulation using advanced GIS-based spatial 
analysis techniques 

3.1 High-resolution 3D microclimate simulation model 
based on GIS 

The investigation on the mutual impacts of individual 
building design and local microclimate needs very detailed 
and accurate geographic information. In this study, 3D 
structural geological model of high resolution is adopted 
based on advanced GIS spatial analysis technique for 
subsequent high-accuracy microclimate simulations. The 
CFD simulations of the 200 design scenarios are conducted 
under the most unfavorable weather condition (the hottest 
hour) of the summer typical design day with the prevailing 
wind condition in order to assist the evaluation of the design 
performance and significantly reduce the computing cost. 
The development of high-resolution 3D microclimate 
simulation model involves: the generation of computational 
domain based on GIS, grid discretization, and the development 
of the microclimate simulation model, which are introduced 
in detail as below. 

3.1.1 Generation of computational domain 

The 3D computational domain is generated using advanced 
spatial analysis techniques based on GIS. GIS is a system 
which can store, visualize, analyze, and interpret geographic 
data. The geographic data includes the descriptive information 
of the geographic features, such as the altitude/elevation, 
the widths of roads, and the locations and dimensions  

of buildings, which are necessary for generating the 
computational domain for CFD (computational fluid 
dynamics) simulation (Kong et al. 2017). The utilization of 
GIS allows to account for the complexity of the urban 
structure and the specific surface characteristics on a fine 
spatial scale (Back et al. 2023). It can not only simplify  
the process of generating the computational domain while 
ensuring the accuracy of microclimate simulation, but also 
benefit the spatial analysis by reloading the simulation data 
back to GIS. 

The generation of computational domain includes two 
main steps. Firstly, the geographic data of the target district 
is collected from Google Map. Secondly, the captured 
geographic data is vectorized and converted using Global 
Mapper to generate the 3D geometry model of the district, 
which contains the landforms, buildings and roads. Figure 4 
shows the 3D geometry model of the target district in this 
study, which is a 1,000 m × 1,000 m urban area in Kowloon, 
Hong Kong. Based on the developed district 3D geometry 
model, the whole computational domain is generated using 
SpaceClaim. The dimension of the entire computational 
domain for microclimate simulation as shown in Figure 5 
is determined to be 8,000 m × 4,500 m × 2,100 m for fully 
developed flow according to the CFD simulation guidelines 
and previous research (Tominaga et al. 2005; Tominaga  
et al. 2008). 

3.1.2 Grid discretization 

Grid discretization is performed using the software Meshing. 
The unstructured grid is used in this study in view of the 
complicated geometry of the target district. The grid  

 
Fig. 4 3D geometry model of the target district in SketchUp 



Zhao et al. / Building Simulation / Vol. 18, No. 1 

 

108 

independence verification is performed based on three grid 
systems to find the proper grid resolution, including a coarse 
grid system, a basic grid system, and a fine grid system. The 
basic grid system is finally adopted and the grid number  
in the 200 cases of microclimate simulations ranges from 
8.225 to 31.071 million. Local grid refinement is implemented 
near the wall of the buildings and the ground, while coarser 
mesh is for far field. 

3.1.3 Development of high-resolution 3D microclimate 
simulation model 

In this study, two types of 3D microclimate simulation 
models are developed using Fluent based on the generated 
computational domain and mesh in order to investigate  
the impacts of new building development on the local 
microclimate. One is the 3D simulation model of the target 
district without the new building, which is regarded as  
the baseline model for comparison. The other one is the 
microclimate simulation models of the target district with 
different designs of individual building. The impacts of  
the individual building design on the local microclimate 
are quantified by: (i). the local air temperatures difference; 
(ii). the local wind velocity difference; (iii). the pedestrian 
thermal discomfort degree (Ddiscom). As its name implies, 
Ddiscom is defined to assess the degree of outdoor thermal 
discomfort at the pedestrian level. A higher absolute value 
means a higher degree of thermal discomfort. It is calculated 
based on the widely-used outdoor thermal comfort index 
PET (Potchter et al. 2018), as shown in Equations (1)–(2). 
PETn is the neutral physiological equivalent temperature, 
which is set to 28 °C in this study (Ng and Cheng 2012). 
PETave is the average PET of male (PETmale) and female 
(PETfemale). 

discom ave nPET PETD = -                           (1) 

( )ave male femalePET PET PET / 2= +                    (2) 

3D steady Reynolds-averaged Navier-Stokes (RANS) 

CFD simulations of incompressible flow are performed 
using RNG k-ε turbulent model due to its high accuracy 
(Tominaga et al. 2005). For the near-wall treatment, 
scalable wall functions with no-slip boundary condition are 
adopted considering the compromise between simulation 
accuracy and computing cost. Radiation with discrete 
ordinates (DO) model is adopted in the calculation. As the 
prevailing wind in Hong Kong is from the east, the right 
surface of the computational domain is determined as the 
velocity inlet as shown in Figure 5. The vertical velocity 
profile Uz, the turbulent kinetic energy kz, and the turbulence 
dissipation εz are calculated according to the AIJ’s benchmark 
tests, as shown in Equations (3)−(7) (Tominaga et al. 2008; 
Lin et al. 2014; Ding and Lam 2019). The downstream 
boundary is defined as outflow. The lateral and upper 
surfaces of the computational domain are set as the symmetry 
boundary conditions. The surfaces of buildings and the 
ground are set as the no-slip wall boundary conditions. The 
boundary conditions (shown in Figure 5) are set according 
to the CFD simulation guidelines and previous research 
(Franke et al. 2007; Martilli et al. 2007; Tominaga et al. 2008; 
Chen et al. 2017; Ding and Lam 2019). The boundary 
conditions and parameter settings of the CFD model are 
validated by comparing the numerical modeling results with 
the wind tunnel test data of Case E wind tunnel experiment 
made by Architecture Institute of Japan (AIJ) (Tominaga 
et al. 2004) in order to ensure the fidelity of the CFD 
simulation results. The wind tunnel experiment area of 
Case E is an actual urban area in the Niigata city of Japan, 
the configuration of which is similar to our study area. The 
CFD simulations is performed using Fluent (2019R3) in a 
server with an AMD EPYC 7T83 CPU at 3.40 GHz and 
Windows 10 Enterprise 64-bit OS. The computational time 
for each CFD simulation is about 1–2 hours. 

s
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Fig. 5 3D computational domain in SpaceClaim 
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where, z is the vertical coordinate of the calculation point 
in the computational domain. Us is the velocity at the 
reference height, which is set to 2.639 m/s in this study. 
zs is the reference height, which is set to 62 m in this study. 
α is the power-law exponent, which is set to 0.39 according 
to the terrain category. Iz is the turbulent intensity. Cμ is  
the model constant, the value of which is 0.09. lz is the 
turbulence integral length. 

3.2 Building simulation model 

The impacts of the local microclimate on the building energy 
performance considering the interaction between them 
are quantified by: the building energy consumption, which 
consists of the energy consumption for cooling, lighting 
and other equipment per area of the building in subtropical 
region on summer typical design day including 24 hours. 
The weather data which considers the impacts of local 
microclimate is used for the building energy performance 
simulation. As introduced in Section 2.3, the building 
simulation model is developed using EnergyPlus. Figure 6 
shows an example of the building geometry model for 
building performance simulation. 

The operating time of the building and the air- 
conditioning system is 0:00–24:00 on all days. The water- 
cooled electric  chillers  are  adopted for  the cooling system. 

 
Fig. 6 An example of the building geometry model for building 
performance simulation 

The overall coefficient of performance of air-conditioning 
system is determined as 4. The control logics of the air- 
conditioning and lighting systems in the model are set to 
maximize the use of natural ventilation and daylight (Zhao 
et al. 2022). The schedules of the occupancy rate and the 
utilization rates of electric lights, equipment and HVAC 
system are set according to Table 4. Humidity control is 
also considered in the simulation model. The setpoint of 
relative humidity is set at 60% (Zhao et al. 2022).  

The internal settings and the settings of the parameters 
not under investigation in the simulation model are 
determined as shown in Table 5. The standard floor height 
is set as 3 m, and the ground floor height can be 3, 4, or 5 m. 
The building height is increased by increasing the floor 
number and varying the ground floor height. The dimension 
of each building design scenario is determined by Latin 
hypercube sampling method, which has the maximum floor 
area under the sampled orientation and aspect ratio in the 
design area available for the new building (170 m × 125 m) 
and has the sampled height. The dimension can be modified 
by controlling the coordinate settings. 

As a large number of building performance simulations 
are required for a comprehensive mutual impact analysis 
between the new building and the local microclimate, jEplus 
is adopted to achieve the automatic process of numerous 
building performance simulations. jEplus can automatically 
modify the parameter values (i.e., the six parameters listed 
in Table 3) in building simulation model according to the 
generated scenarios and call EnergyPlus to perform the 
simulation. 

Table 4 Daily schedule of occupancy rate, electric light utilization rate, 
electric equipment utilization rate and HVAC system utilization rate 

Operating 
Time 

Occupancy 
rate 

Electric light 
utilization  

rate 

Electric 
equipment 

utilization rate
HVAC system 
utilization rate

0:00–1:00 0.95 0.30 0.30 1 

1:00–2:00 0.95 0.20 0.20 1 

2:00–5:00 0.95 0.10 0.10 1 

5:00–6:00 0.95 0.10 0.20 1 

6:00–7:00 0.95 0.70 0.40 1 

7:00–8:00 0.95 0.40 0.50 1 

8:00–9:00 0.90 0.60 0.40 1 

9:00–10:00 0.30 0.60 0.40 1 

10:00–17:00 0.30 0.36 0.25 1 

17:00–19:00 0.50 0.50 0.60 1 

19:00–20:00 0.95 0.80 0.80 1 

20:00–23:00 0.95 0.80 0.90 1 

23:00–24:00 0.95 0.80 0.50 1 
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Table 5 The internal settings and the settings of the parameters 
not under investigation in the simulation model 

Parameter Value Unit 

Window to wall ratio 0.25 — 

Wall specific heat 920 J/(kg·K) 

Wall thermal absorptance 0.9 — 

Wall solar absorptance 0.7 — 

Wall visible absorptance 0.7 — 

Roof specific heat 920 J/(kg·K) 

Roof thermal absorptance 0.9 — 

Roof solar absorptance 0.7 — 

Roof visible absorptance 0.7 — 

Ground slab specific heat 920 J/(kg·K) 

Ground thermal absorptance 0.9 — 

Window SHGC 0.15 W/(m2·K) 

Window visible light transmittance 0.61 — 

Infiltration air mass flowrate coefficient 1 h−1 

Outdoor airflow rate 0.00944 m3/(person·s)

Indoor setpoint temperature for cooling 25.5 °C 

Overhang tilt angle 90 (°) 

Sensible heat recovery effectiveness 0.7 — 

Latent heat recovery effectiveness 0.65 — 

Occupancy 4 m2/person 

People load 108 W/person 

Lighting load 10 W/m2 

Electric equipment load 7.6 W/m2  

4 Results of the mutual impact assessment 

4.1 Impacts of building design on local microclimate 

The distributions of local air temperature differences 
under the 200 scenarios on the three building morphology 
parameters are shown in Figure 7(a) and on the three 
building thermal characteristics parameters are shown in 
Figure 7(b). It can be seen that the development of a new 
building in an existing district will not always lead to an 
increase in the local air temperature surrounding the building. 
Different building designs bring impacts of varying degrees 
on the local air temperature. In this research case, the local 
air temperature difference varies between −0.60 K and 
+1.17 K under different building design scenarios. Among 
them, 49% of the scenarios have a decrease in the local air 
temperature, and 50% of the scenarios have a temperature 
increase higher than 0.40 K. The air temperature distributions 
under different target buildings in planning are significantly 
different. Take Scenario 87 (shown in Figure 8(a)) and 37 
(shown in Figure 8(b)) as examples, when the building 
orientation increases from 0° (Scenario 87) to 90° (Scenario 
37) and other 5 design variables vary by a little (0–5% of 
their varying ranges), the local air temperature increases by 
0.48 K. This is because when the control strategy adopted 
in the design building maximizes the use of natural ventilation, 
an orientation aligning with the windward direction   
can promote the wind flow and thus reduce the local air 
temperature, otherwise, the reverse. 

 
(a) Scenario 1 to Scenario 100 

Fig. 7 Local air temperature differences between with and without the new building under different scenarios  
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The results of local wind velocity differences under the 
200 building design scenarios are shown in Figure 9(a) and 
Figure 9(b). It can be seen that different designs of a new 
building can lead to an increase or decrease in the local 
wind velocity surrounding the building. The local wind 
velocity difference between with and without the new building 
varies from −0.95 m/s to +4.51 m/s under the 200 design 
scenarios. In nearly half of the scenarios, the local wind 
velocity is increased and the wind velocity difference falls 
within a range between 0.01 m/s and 0.95 m/s. The average 

wind velocity difference under all of the scenarios is 0.15 m/s. 
The wind velocity distributions under different building 
design are absolutely different. It can be observed from 
Figure 10(a) (Scenario 23) and Figure 10(b) (Scenario 33) 
that the building aspect ratio has considerable impacts on 
the local wind velocity. The increase of the aspect ratio 
from 1.4:1 (Scenario 33) to 9:1 (Scenario 23) can lead to 
0.57 m/s of velocity increase because the flow past a building 
which seems like a flat plate can promote the ventilation 
around it. 

 
(b) Scenario 101 to Scenario 200 

Fig. 7 Local air temperature differences between with and without the new building under different scenarios  (Continued) 

(a) Scenario 87 (b) Scenario 37 

Fig. 8 Air temperature distributions at z = 1.5 m of magnified view of study area 
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The pedestrian thermal discomfort degrees under the 
200 building design scenarios are shown in Figure 11. It 
can be seen that the pedestrian thermal discomfort degree 
varies from 13.75 to 22.65 °C under different building 
design scenarios, corresponding to the thermal perception 
from hot to very hot. 95.5% of the scenarios have a high 
pedestrian thermal discomfort degree higher than 18 °C. 
The average pedestrian thermal discomfort degree is around 

20.61 °C. Figure 12 shows the pedestrian thermal discomfort 
degrees of the district under the typical scenarios of building 
design. It can be seen that the one-variable-dominated 
variation (other 5 building design variables setting as the 
same or varying by a little) can lead to the changes of 
pedestrian thermal discomfort degree in the range of −1.45 
to 3.90 °C. The increase of building height from 65 m 
(Scenario 92) to 141m (Scenario 56) can dominate the  

 
(a) Scenario 1 to Scenario 100 

 
(b) Scenario 101 to Scenario 200 

Fig. 9 Local wind velocity differences between with and without the new building under different scenarios  
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significant mitigation of pedestrian thermal discomfort 
(Ddiscom decrease of 3.90 °C). The Ddiscom decrease of 2.10 °C 
is dominated by the increase of building orientation from 
0° (Scenario 125) to 135° (Scenario 156). The increase of 
the aspect ratio from 1.4:1 (Scenario 33) to 9:1 (Scenario 23) 
dominates the Ddiscom decrease of 0.40 °C. The increase  
of the wall emissivity from 0.35 (Scenario 172) to 0.78 

(Scenario 36) can mitigate the pedestrian thermal discomfort 
to 1.70 °C. When the overall heat transfer coefficient increases 
from 1.32 W/(m2·K) (Scenario 102) to 5.13 W/(m2·K) 
(Scenario 149), Ddiscom increases by 1.45 °C. The increase 
of heat rejection of air-conditioners from 96.64 W/m2 
(Scenario 123) to 145.23 W/m2 (Scenario 2) can dominate 
the Ddiscom increase of 1.05 °C. 

(a) Scenario 23 (b) Scenario 33 

Fig. 10 Wind velocity distributions at z = 1.5 m of magnified view 

 
(a) Scenario 1 to Scenario 100 

Fig. 11 Pedestrian thermal discomfort degrees under different scenarios  
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4.2 Impacts of local microclimate on building energy 
performance 

The differences between building energy consumptions 
considering local microclimate impacts and without 
considering the local microclimate impacts (i.e., under 
TMY weather) under the 200 scenarios of building design 
are shown in Figure 13, as well as the corresponding air 

temperature and wind velocity differences between the local 
microclimate and TMY weather. It can be seen that the air 
temperature difference between the local microclimate and 
TMY weather varies from +0.18 to +1.96 K under different 
building design scenarios, while the wind velocity difference 
varies within a range between −3.06 and +2.40 m/s. Among 
the 200 scenarios, all of the scenarios have a higher local air 
temperature than that of TMY weather, and 99.5% of the 

 
(b) Scenario 101 to Scenario 200 

Fig. 11 Pedestrian thermal discomfort degrees under different scenarios  (Continued) 

 
Fig. 12 Pedestrian thermal discomfort degrees of the district with the new building under different scenarios 
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scenarios have a lower local wind velocity than that of TMY 
weather. The local microclimate can lead to an increase or 
decrease of building energy consumption within the range 
between −41.75 and +291.54 kJ/m2 compared with the 
TMY weather. Only 2.5% of the scenarios has a decrease in 
the building energy consumption due to the microclimate 
impact. 91% of the scenarios has an increase in the building 
energy consumption larger than 50kJ/m2. The average 
building energy consumption difference caused by local 
microclimate is 123.31 kJ/m2. The highest building energy 
consumption increase happens when the air temperature 
difference is 1.49 K and the wind velocity difference is 
−2.74 m/s. When the air temperature difference is 1.12 K 
and the wind velocity difference is −2.05 m/s, there shows 
the largest decrease in the building energy consumption. 

5 Identification of the major influential building 
parameters on both local microclimate and building 
energy consumption 

5.1 Sensitivity analysis results 

In this study, regression method, as a widely-used global 
sensitivity analysis method, is adopted. Spearman correlation 
coefficient (SPEA) is used to measure and compare the 
sensitivity of each building parameter to the four performance 
indexes introduced in Section 2.3 to identify the major 
influential parameters. A positive value means a positive 
correlation exists between the building parameters and 
the performance concerned, while a negative value means 
negative correlation. The larger the absolute value of SPEA 
is, the more sensitive the building parameter is to the 
performance. 

Figure 14 shows the SPEA correlation coefficient 
between the six building parameters and the four performance 
indexes concerned. It can be seen that the building 
orientation and wall emissivity are the highly-sensitive 
parameters. The building orientation and overall heat 
transfer coefficient are positively correlated with the local air 
temperature difference, while the building height, aspect 
ratio, wall emissivity and heat rejection of air-conditioners 
are negatively correlated. This means that the increase in 
the building height, aspect ratio and wall emissivity would 
increase the ambient air temperature around the target 
building, while the increase in the overall heat transfer 
coefficient would decrease the ambient air temperature. 
These results are similar to those in previous studies 
concerning the impacts of district (Ignatius et al. 2015; 
Ali-Toudert and Böttcher 2018). The results are rational 
because the increase in the building height or aspect ratio 
would increase the shading around the building and the 
ambient wind velocity around the target building, and 
therefore decrease the ambient air temperature, which will 
mitigate thermal discomfort and reduce building energy 
consumption. The increase in the emissivity and the decrease 
in the heat transfer coefficient would lead to the less heat 
exchange and therefore a decrease in the ambient local 
air temperature, reducing both thermal discomfort and 
building energy consumption. The results regarding the 
heat rejection of air-conditioners seem inconsistent with 
previous studies where an increase of air temperature is 
observed around the condensing units of air-conditioners 
(Avara and Daneshgar 2008; Liu et al. 2019). This problem 
will be further discussed in Section 5.2. As for the local 
wind velocity difference, building height and aspect ratio 
are the highly-sensitive parameters. In general, the six 

 
Fig. 13 Building energy consumption, outdoor air temperature and wind velocity differences between local microclimate and TMY
under different scenarios 
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building parameters have more significant impacts on the 
local wind velocity than local air temperature. The building 
parameters that have positive impacts are the morphology 
parameters (i.e., building height, orientation, and aspect 
ratio), and the parameters that have negative impacts are 
the thermal characteristic parameters (i.e., wall emissivity, 
overall heat transfer coefficient, and air-conditioner heat 
rejection). Most of these results are similar to the previous 
studies. However, the result related to the building height is 
not consistent with that in previous studies concerning the 
impacts of district buildings (Ignatius et al. 2015; Ding and 
Lam 2019). The results are both rational due to the difference 
of the research scenarios concerned. In this study, the 
individual building is concerned. The increase in the building 
height would result in the higher ambient wind velocity 
and accelerate the ventilation around it. For the district 
buildings, the increase in the average building height would 
block the airflow of the district and thus decrease the wind 
velocity. 

As for the pedestrian thermal discomfort degree, the 
building parameters that have positive impacts are overall 
heat transfer coefficient, and air-conditioner heat rejection. 
The parameters that have negative impacts are the 
morphology parameters and wall emissivity. Building height 
and overall heat transfer coefficient are the highly-sensitive 
parameters. Building height is the only parameter that has 
negative correlation with the building energy consumption 
considering local microclimate impacts. Building height, 
aspect ratio and overall heat transfer coefficient are the 

highly-sensitive parameters. However, in previous studies 
(Ali-Toudert and Böttcher 2018) regarding the impacts  
of district design, emissivity is recognized as the highly 
sensitive parameter, while the district aspect ratio has low 
impact. It is worth noting that the correlations between 
building parameters and local microclimate are relatively 
low compared with those with building energy consumption. 
This is because the building parameters which affect both 
the building performance and local microclimate are only 
considered, and the impacts of an individual building are 
limited compared with a whole district. However, the impacts 
of the relatively sensitive parameters (e.g., building height) 
cannot be ignored. 

5.2 Discussion on the impacts of heat rejection of 
air-conditioners on local microclimate 

It is worth noticing that the heat rejection of air-conditioners 
has negative correlations with the local air temperature and 
wind velocity differences, which seems inconsistent with 
theoretical inference. To further verify the rationality, a 
local sensitivity analysis of the air-conditioner heat rejection 
to the local microclimate is conducted by set other building 
parameters as fixed values. The local microclimate near 
the wall installed with air-conditioners, which is also the 
windward side, is particularly investigated, in view of stronger 
impacts near the air-conditioners. The windward-side local 
air temperature and wind velocity differences at 10 different 
distances (i.e., 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0 m)  

 
Fig. 14 SPEA correlation coefficient between building parameters and the performance indexes concerned 
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from the new building in the horizontal direction is 
simulated under 20 different settings of heat rejection. The 
settings are determined according to the random sample 
from the corresponding range (i.e., 75–150 W/m2). The results 
are shown in Figure 15.  

It can be seen from Figure 15(a) that the air conditioner 
heat rejection increases the windward-side local air 
temperature at any distance concerned. The increase of 
the air conditioner heat rejection also leads to the increase 

of ambient air temperature difference when the distance 
is less than 0.5 m. When the microclimate at a further 
distance is concerned, the impacts of air-conditioner heat 
rejection become weak. Therefore, it is rational that the 
SPEA correlation coefficient between the heat rejection  
and local air temperature difference shown in Figure 14 is 
slightly negative, as it is calculated based on the average 
local air temperature differences of all sides at the distance of 
3.0 m where the impacts become weak at a far distance and 

 
(a) Air temperature difference (K) 

 
(b) Wind velocity difference (m/s) 

Fig. 15 Windward-side local microclimate differences at different distances under different settings of air-conditioner heat rejection 
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complicated under the variation of all building parameters 
including building orientation. The windward-side local 
wind velocities at different distances are reduced due to the 
development of the new building as seen from Figure 15(b). 
But the local wind velocity difference does not show an 
obvious increase or decrease particularly at far distances 
when the air-conditioner heat rejection increases, due to 
insignificant impact of heat buoyancy force. Therefore, the 
slightly negative value of the SPEA correlation coefficient 
between the heat rejection and local wind velocity difference 
(shown in Figure 14) does not mean an obvious negative 
correlation, which is also applied for local air temperature 
difference. 

5.3 Identification of the major influential building 
parameters 

Based on the above sensitivity analysis results, the building 
parameters affecting the local air temperature and wind 
velocity are ranked respectively, as listed in Table 6(a). It can 
be seen that the ranking orders of the building parameters 
affecting local air temperature and wind velocity are totally 
different. The major influential building parameters on 
local air temperature are building orientation and wall 
emissivity, while the parameter with the least impact is the 
heat rejection of air-conditioners. The major influential 
building parameters on local wind velocity are building 
height and building aspect ratio, followed by the heat 
rejection of air-conditioners. The wall emissivity has the least 
impact on local wind velocity. It is worth noticing that the 
emissivity of wall and the heat rejection of air-conditioners, 
which are found to have significant impacts on local air 
temperature or wind velocity, are ignored in previous 
research. 

As the pedestrian thermal comfort is widely used to 
evaluate the local microclimate, the building parameters 
affecting the pedestrian thermal discomfort degree are also 
ranked and compared with those affecting building energy 
consumption considering the microclimate impacts. The 
results are listed in Table 6(b). It can be seen that the major 
influential building parameters on pedestrian thermal 
discomfort degree are building height and overall heat transfer 
coefficient of building envelope, while the parameter with 
the least impact is the heat rejection of air conditioners. 
The ranking orders of the building parameters affecting 
building energy consumption are almost the same as those 
affecting pedestrian thermal discomfort degree, except for 
building orientation and overall heat transfer coefficient. 
The major influential parameters on building energy 
performance include building height, building aspect ratio, 

overall heat transfer coefficient of building envelope. It is 
recommended that the restrictions on the overall heat 
transfer coefficient of building envelope and building height 
specified in the building design guidelines or related policies 
should be given considering the impacts on both building 
energy consumption and local microclimate.  

Although the ranking orders of the building parameters 
affecting pedestrian thermal discomfort and building 
energy consumption are similar, the correlations between 
the parameters and the performance are not the same. For 
instance, the building aspect ratio, building orientation and 
wall emissivity have negative correlations with pedestrian 
thermal discomfort, but positive correlations with the 
building energy consumption. Therefore, a building design 
which has the lowest building energy consumption is probably 
not friendly to the local microclimate. So it is necessary to 
consider the mutual impacts between building design and 
local microclimate in the design of new buildings to improve 
building energy performance while minimizing the impacts 
on the local microclimate. 

Table 6(a) Ranking of major building parameters affecting local 
microclimate 

Performance 

Rank Local air temperature Local wind velocity 

1 Building orientation Building height 

2 Emissivity of wall Building aspect ratio 

3 Building aspect ratio Heat rejection of air-conditioners

4 Overall heat transfer coefficient 
of building envelope 

Overall heat transfer coefficient 
of building envelope 

5 Building height Building orientation 

6 Heat rejection of air-conditioners Emissivity of wall 

Table 6(b) Ranking of major building parameters affecting 
pedestrian thermal discomfort degree and building energy 
consumption considering microclimate impacts 

Performance 

Rank
Pedestrian thermal discomfort 

(correlation) 
Building energy consumption 

(correlation) 

1 Building height (negative) Building height (negative) 

2 Overall heat transfer coefficient 
of building envelope (positive) Building aspect ratio (positive)

3 Building aspect ratio (negative) Overall heat transfer coefficient 
of building envelope (positive) 

4 Building orientation (negative) Building orientation (positive) 

5 Emissivity of wall (Negative) Emissivity of wall (positive) 

6 Heat rejection of air-conditioners 
(Positive) 

Heat rejection of air-conditioners 
(positive) 
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6 Conclusions 

In this study, a comprehensive and systematic analysis  
is conducted to investigate the mutual impacts between  
new individual building design and local microclimate 
considering their interaction in subtropical urban area, and 
to identify the major influential parameters on both local 
microclimate and building energy performance by sensitivity 
analysis. The mutual impact analysis and sensitivity analysis 
are based on 200 sets of microclimate and building 
performance simulations using advanced GIS-based spatial 
analysis techniques. Based on the analysis results, the major 
conclusions can be drawn and summarized as follows. 
 Strong mutual impacts exist between the new building 

design and urban local microclimate. In this study, different 
building designs lead to significant variations of local 
wind velocity (i.e., −0.95 to +4.51 m/s), air temperature 
(i.e., −0.60 to +1.17 K), and pedestrian thermal discomfort 
degree (i.e., 13.75 to 22.65 °C). The local microclimate 
results in a change in the building energy consumption 
from −41.75 to 291.54 kJ/m2. 

 The major influential parameters on local air temperature, 
wind velocity and pedestrian thermal discomfort are rather 
different. The major influential parameters on local air 
temperature are building orientation and wall emissivity, 
while the major influential parameters on local wind 
velocity are building height and aspect ratio. As for the 
pedestrian thermal discomfort, the major influential 
parameters include building height and overall heat 
transfer coefficient of building envelope. 

 The major influential parameters on both local microclimate 
and building energy performance are building height 
and overall heat transfer coefficient of building envelope. 
Although the ranking orders of the building parameters 
affecting pedestrian thermal discomfort and building energy 
consumption are similar, the correlations between the 
parameters and the performance are significantly different. 
Therefore, it is necessary to consider the mutual impacts 
between building design and local microclimate in the 
design of new buildings to improve building energy 
performance while minimizing the impacts on the local 
microclimate.  

The general findings in this study can all be applied  
to other types of buildings in high-density cities, except  
for the findings concerning the impacts of heat rejection of 
air-conditioners. This is because window type air-conditioners 
are usually adopted in dormitory buildings, and their 
impacts on ambient environment could be very different 
from those of buildings adopting central cooling systems. 
The outcomes of this study can provide the basis for the 
consideration of mutual impacts between buildings and 
local microclimate in new building or rebuilding design at 

the early stage to facilitate carbon neutrality and enhance 
thermal comfort in urban area. 

7 Limitations 

In this study, the thermal characteristics of the building  
for building performance simulation in EnergyPlus, such  
as the specific heat capacity, density, thickness, thermal 
absorptance, solar absorptance, and visible absorptance, are 
assumed as constant values, the impacts of which on the 
microclimate are ignored and could be investigated in future 
work. The representation of trees and roads in the study area 
is simplified to save computational resources. 
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