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ABSTRACT 

      With the development of global urbanization, high-densefity cities faces enormous challenges 

on land supply. Hong Kong is a megacity with a long-term lack of land and housing supply. To 

increase the development intensity of built-up areas in Hong Kong, a minor relaxation of plot 

ratio/building height (PR/BH) restrictions for twenty-one sites in the three target study areas of 

Kai Tak Development Area (KTDA) has been approved by the Town Planning Board in 2015. 

This research project aims at providing scientific evidence on the impact of this relaxation and 

possible further relaxations using 3D spatial analysis and simulation technologies. After a 3D 

model of Kai Tak and surrounding areas being generated, effects of increased PR/BH on skyline, 

visibility, shadow and insolation, air temperature, and wind ventilation of the three study were 

successfully simulated and analysed in terms of five scenarios. Research findings indicated that, 

except the extreme case of Scenario 5, no significant changes were found in Scenario 2, Scenario 

3 and Scenario 4 when compared with the original plan of Scenario 1. More importantly, in 

comparison with the approved proposal by the Town Planning Board, gross floor areas for 

domestic uses and non-domestic uses were estimated to increase 156,200 m2 and 119,900 m2 

respectively, which would offer 2,603 additional residential units and 9,110 potential residents. As 

a pilot study focusing on the KTDA in Hong Kong, this project may also serve to provide new 

methodological and theoretical insights to facilitate rational discussion and debate on changing 

land development density in other similar hyper-dense cities. 

Keywords: Spatial analysis, Computational fluid dynamics, Simulation, Building regulations and 

controls, High-density city 

1. Introduction

In recent decades, we have witnessed the rapid development of global urbanization and the rise

of many super cities, such as New York, Tokyo, and Hong Kong. The development of global 

urbanization has accumulated enormous wealth for us, brought more opportunities, changed 

people's way of life, and improved quality of life and environment. According to the report 

published by United Nations New York (Nations, U., 2014), the urban population will be increased 

by 2.5 billion by 2050, with nearly 90% of the increase presented in Asia and Africa. At the same 

time, the proportion of the world’s population living in cities is expected to increase, reaching 66% 

by 2050. Therefore, global urbanization also brings a series of negative influences, such as 

environmental problems, traffic conditions, housing tensions, employment pressure, and social 
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problems. Among them, environmental issues are closely related to human’s health, such as air 

pollution, air blockage, heat island effect, and ecological environment destruction. A good urban 

planning can effectively reduce the negative effects brought about by reducing the heat island 

effect and promoting air circulation while satisfying the urban space utilization rate.  

Hong Kong is a typical megacity. It is one of the most densely populated cities in the world, 

with a very high density of buildings, while Hong Kong is a mountainous region, leaving limitation 

for the expansion of this city. Because there is very rare land available in Hong Kong, land use 

issues may be the single most important challenge facing the Hong Kong Special Administrative 

Region (HKSAR) government (Shen et al., 2009). Therefore, it is particularly important to 

improve the urban space utilization in Hong Kong. To raise housing supply, the HKSAR 

government has increased development density in some key development areas, e.g. Kai Tak 

Development Area (KTDA). Hong Kong’s development intensity is mainly controlled by building 

(planning) regulations, lease conditions, and statutory outline zoning plans. These factors 

inevitably impose restrictions on plot ratio (a ratio between the gross floor area of a building and 

the area of the site on which it is erected), site coverage, and building height of each land lot. To 

achieve efficient and sustainable usage of the scare land in Hong Kong, elevating the development 

intensity of built up areas through minor relaxation of plot ratio/building height (PR/BH) 

restrictions is a choice to raise land provision in a short time. Therefore, the Civil Engineering and 

Development Department (CEDD) suggested minor relaxation of maximum PR/BH restrictions 

for the twenty-one target sites in 2015 (CEDD, 2015).  

This study takes Hong Kong as an example to study how to improve the urban space utilization 

while avoiding or minimizing the brought negative effects. This research aims to create the a 3D 

model of the areas which are still under constructions in Kai Tak Development Area (KTDA) and 

the areas nearby through gathering and integrating associated data. Based on the 3D model, various 

3D spatial analyses and comparisons were executed for five different PR/BH scenarios, including 

skyline, visibility, shadow and insolation, air temperature and wind ventilation. The vivid findings 

of this study can make decision makers formulate scientific and rational decisions for the 

sustainable urban development.  Based on the experimental results, it can be proved that this 

approach can also be applied to other densely populated cities around the world.  

 

2. Literature review 

This section reviews the literature on how to increase the development intensity and support 

decision-making processes using 3D GIS technology. Finally, the literature review on air 

temperature and wind ventilation simulation is presented. 

 Generally, development intensity is investigated by Environmental Impact Assessment (EIA), 

exploring the carrying capacity of infrastructure, and by conducting public consultations in certain 

sites as well (Environmental Protection Department, 1997; Maunsell AECOM, 2006). An EIA 

typically includes a prediction and assessment of a series of environmental consequences including 

noise pollution, impact on air, soil and water, waste management, visual and landscape impact 

caused by the proposed development. In addition, assessment of carrying capacity concerning 

basic infrastructure provisions, such as transportation, communication, sewage, water and electric 

systems, play important roles in the land-use decision making process (Joardar, 1998). Public 

engagement also guides decision makers on urban planning in Hong Kong (CEDD, 2008). In this 

context, to explore the feasibility of a minor increase of the development intensity for the twenty-

one sites in KTDA, CEDD has conducted various reviews and assessments with respect to the 

carrying capacity of environment and infrastructure (CEDD, 2015). 
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 However, these previous reviews and evaluations are mainly implemented based on 2D 

geographic information system (GIS). As most people may not visualize the effects of relaxed 

PR/BH restrictions from a static 2D image, a dynamic 3D visualization is needed to help people 

better understand the real world. This study measures the effects of a minor increase of PR/BH on 

twenty-one sites in the KTDA by virtue of 3D GIS and spatial analyses of urban skyline, visual 

effects of mountain ridgeline, shadow and insolation, air temperature, and wind ventilation. Five 

scenarios in terms of different PR/BH restrictions for the three study areas are created and 

compared to help decision makers formulate effective and farsighted decisions. 

At present, 2D GIS has been widely adopted in urban construction and development control. 

However, 2D GIS is not sufficient for rapid urban development, while advanced 3D GIS is 

integrated with 2D GIS to convey complicated geographic phenomena. The fast developing3D 

GIS technologies have been increasingly applied in the decision-making process for urban 

development. For instance, the feasibility of 3D virtual reality for participatory planning was first 

investigated by Ranzinger and Gleixner (1997) and Pullar and Tidey (2001). They examined the 

feasibility of using 3D visualization techniques and a structured evaluation approach (Delphi) to 

facilitate visual impact assessment and supporting decision-making. The experimental results 

indicated that 3D visualization techniques can support the process of urban and landscape planning. 

However, the results are still far from the goal of enabling data communication and visualization 

among groups. Geertman (2002) and Hudson-Smith et al. (2005) built a series of technologies 

based on the idea of a “virtual city” to disseminate planning information and support participatory 

planning. Zhang et al. (2004) analysed urban development issues by 3D modelling and spatial 

analyses in terms of flood, energy, visibility, solar panel and air pollution. In a similar way, Mak 

et al (2005) utilized 3D GIS to establish and evaluate the city skyline of Hong Kong, which 

demonstrated that 3D GIS can effectively visualize and practice the Hong Kong urban design 

guidelines.  Significantly, Petti et al. (2006) conducted an evaluation of the effectiveness of 3D 

visualization technologies, with the results showing that while professional planners are 

comfortable with low-level visual specificity, people who only have basic computer skills are more 

comfortable with mid-level visual specificity. Stevens et al. (2007) took a step further to introduce 

the simulation of urban growth based on cellular automation (CA) in a 3D environment. A growing 

number of researchers have therefore concentrated on applying 3D visualization/virtual reality 

technologies to urban planning, e.g., Foth et al. (2009), Chen et al. (2011), Isaacs et al. (2011), Xu 

and Coors (2012), and Yeo et al. (2013).  One of those most worthy of mention is that Guo et al. 

(2017) who used 3D GIS analysis technology to simulate the environmental impacts based on 

various 3D models. However, they only focused on the urban skyline, visual impact, and sunlight 

hours analyses in their most recent study. The 3D models developed for this research go further 

by including wind ventilation and air temperature, the two most influential factors on people in 

urban planning. 

As a major application to 3D spatial simulation of urban environments, microclimate can be 

affected by many factors. Air temperature and wind ventilation are two interrelated elements that 

contribute to microclimate. Croker (1956) found that wind could carry hot air to shaded areas to 

increase the air temperature in those areas while carrying cool air to exposed areas to reduce air 

temperature there. Wong et al. (2011) initiated the use of 3D GIS for investigating the “wall effect” 

of increasing high-rise buildings alongside the coast of Kowloon, Hong Kong. With the increasing 

density of urban land development, urban canyons are commonly found in many populated urban 

areas and are characterized by tall buildings. Many researchers have investigated air temperature 

and ventilation in urban canyons, for these two factors influence heat exchange within an area and 
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affect human comfort at the pedestrian level in urban canyons (Bottillo et al. 2014). Cai (2012) 

and Wang et al. (2013) used different simulation methods to analyse air-flow patterns in an urban 

canyon under heating effect. Air turbulence in street canyons will be strengthened by heat from 

the sun. Bourbia and Awbi (2004) studied the shading effect of buildings on the ground surface in 

a street, and investigated the influence of the sun on an urban canyon, as well as the effect on air 

temperature. They found that solar radiation has more influence on air temperature than on the 

height to width (H/W) ratio, which is calculated by dividing the average building height by the 

street width. The shading effect of the buildings becomes increasingly evident as the H/W ratio 

increases, and it can reduce air temperature in the shaded area. A large H/W ratio implies that a 

large area of building surface will be exposed to direct solar radiation. Thus, the buildings will 

then release heat to increase nearby air temperatures. However, Nakamura and Oke (1988) 

discovered that the heated parts of buildings could only change the air temperature nearby, and the 

effect is limited as the distance increases from the heated surfaces.  

Although many of the studies described above have applied 3D spatial analysis and virtual 

reality technology to the issues in urban development and microclimate simulation, only a few 

have focused on the issue of development control. To fill the gap, this study therefore explored the 

viability of minor increase of PR/BH in a redevelopment area through the simulation of changes 

to the visual and microenvironment based on 3D models. The research also quantitatively analysed 

the impacts of the changes on the surrounding residents. 

 
3. Methodology 

3.1   Framework 

Fig.1 shows the framework with four main steps of this research. Firstly, a Kai Tak 3D model 

and its surrounding regions was established based on the relevant information from the approved 

KTOZP and available 3D spatial data and digital elevation model (DEM). Secondly, five various 

3D spatial analyses were conducted to evaluate the impacts of different scenarios. The mountain 

ridgeline analysis was conducted by introducing A DEM into the 3D model. Thirdly, based on five 

scenarios with various PR/BH, a comparison of various PR/BH scenarios was carried out to assess 

how the relaxation of PR/BH can bring effects to the surrounding regions and the people in them. 

To verify preliminary research findings, two focus group meetings were organized to collect 

advice and comments from professionals, district councillors, and committee members. The 

findings of the first three steps were refined and consolidated based on their views and suggestions. 

Finally, the report provides a discussion and conclusion with reference to previous research. 
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Fig.1. Research framework. 

3.2   Study area and data collection 

 The study area was defined using a DEM, the mountain ridgeline, visual environment, and 

other factors taken from the EIA ordinance of HKSAR's Environmental Protection Department 

(Environmental Protection Department, 1997). As shown in Fig.2, the Kai Tak rebuilt planning 

area is displayed in red, where the twenty-one target sites are distributed as shown in Fig.3. The 

grey outer line means the boundary of potential affected region within a 500 m radius. 

 

     
                      Fig. 2.  Study region.                                                 Fig. 3.  Target sites in the three study areas. 

3.3   3D spatial analysis models generation 

The 3D data of surrounding areas and the built-up areas in KTDA are readily available from 

Lands Department of Hong Kong. For the areas where are still under constructions, the 3D models 

were designed and generated using the commercial software CityEngine referring to the planning 

scheme of this study area for the areas without existing 3D data (i.e. KTDA).  

The formulation of five hypothetical scenarios was based on an analysis of the development 

restrictions, such as plot ratio, site coverage, and building height (TPB, 2012; 2015), which were 

imposed by the Conditions of Sale, the Outline Zoning Plans, and the Building (Planning) 
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Regulations (Building Department, 2012). The Kai Tak Development Urban Design Guidelines 

and Manual were taken into consideration to refine the parameters of each scenario further, such 

as plot ratio, building height, gross floor area (GFA), and site coverage (KTDUDGM, 2015). 

Five scenarios with different PR/BH were built for the twenty-one sites in consideration of the 

aforementioned rules and guidelines. S1 (Scenario 1) is the initial plan with a low plot ratio around 

4.5. S2 (Scenario 2) is raised by CEDD and approved by the TPB with a higher plot ration around 

5.5. S3 (Scenario 3) and S4 (Scenario 4) refer to the further increase of PR/BH based on S2. The 

PR/BH of S3 and S4 for this study were determined as follows: 

 

                                        S3=S2* [1+(S2−S1)/(2×S1)]                                                          (1) 

                                        S4=S2* (1+ (S2−S1)/S1)                                                                (2) 

 

Take 1K2 site in study area 1 as an example, Fig. 4 shows that the growth rate between the plot 

ratio of the initial plan S1 and the approved plan S2 was 22%. Using Formulas (1) and (2), the plot 

ratio of S3 improved at half of this growth rate of 11% to 6.1, whereas the plot ratio of S4 raised 

at the same growth rate of 22% to 6.7. To investigate the extent to which the PR/BH restrictions 

can be relaxed, a critical point of PR/BH should be identified. In this regard, Scenario 5 (S5), 

which is considered as an extreme case compared with the other scenarios, was added by increasing 

the growth rate to 42% and the plot ratio to 9.5 (similar plot ratio as Mong Kok, which is the most 

population density region in Hong Kong) based on S4. It is worth noting that the PR adopted for 

S5 is much higher than others. The main purpose of a high growth rate was to identify a critical 

point beyond which the proposed development would have significant impacts on the surrounding 

areas. Based on the increased PR, the building height of each scenario was then calculated. In the 

calculation of building height, various storey heights adopted for different types of building were 

as follows: 3.2 m/floor for R(B) (residential group B, medium density development); 3.5 m/floor 

for R(C) (residential group C, low density development); 4.5 m/floor for C (commercial); and 4.0 

m/floor for G/IC (government, institution or community). In this way, the site coverage and 

GFA/floor in each scenario can be acquired. Table 1 shows the models generation rules of the five 

scenarios for each site in study area 1.  

 
Fig. 4.  Calculation of plot ratio under different scenarios (e.g. site 1k1). 
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Table 1  

Models generation rules of the five scenarios for each site in study area 1. 

Study area 1 1K1 1K2 1K3 1L1 1L2 1L3 

Zone R(B)2 R(B)2 R(B)2 R(B)2 R(B)2 R(B)3 
Site area (m2) 9,719 9,699 11,263 7,317 9,482 8,803 

Kai Tak OZP 

Max. PR 
Max. Site coverage 

Max. BH (m) 

      

4.5 4.5 4.5 4.5 4.5 3.5 
40% 40% 40% 40% 40% 44% 

110 110 110 100 100 50/100 

       

BPR 

Max. PR 
Max. Site coverage 

      

9.0 9.0 9.0 9.0 9.0 7.5/10.0 

37.5% 37.5% 37.5% 37.5% 37.5% 42%/40% 

       
S1 (original) 

PR 

BH (m) 

      

4.5 4.5 4.5 4.5 4.5 3.5 

110 110 110 100 100 50/110 

       

S2 (approved) 

PR 
BH (m) 

      

5.5 5.5 5.4 5.4 5.4 4.2 
130 130 130 120 120 50/120 

       

S3 (increased) 
PR 

BH (m) 

      
6.1 6.1 5.9 5.9 5.9 4.6 

140 140 140 130 130 60/130 

       
S4 (further increased) 

PR 

BH (m) 

      

6.7 6.7 6.5 6.5 6.5 5.0 

150 150 150 140 140 60/140 
       

S5 (extreme case) 

PR 
BH (m) 

 

9.5 
210 

 

9.5 
210  

 

9.2 
210 

 

9.2 
180 

 

9.2 
180 

 

7.1 
85/180 

 

Based on the models generation rules shown in Table 1 above, 3D buildings of twenty-one 

target sites in the KTDA can be established. Fig. 5 shows the buildings of five scenarios built for 

study area 1 in yellow. A smooth transition of building mass from towers to low blocks can be 

observed. The site coverage and building height in each scenario were slightly changed. Moreover, 

Fig. 6 provides a set of pictures showing the integration of 3D models of Kai Tak with their 

surroundings. 

 

 

 
 

 

 

 

 
Fig. 5. Five scenarios in study area 1. 
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Fig. 6. 3D models of the Kai Tak and the areas nearby. 

3.4   Computed Fluid Dynamics models generation and setting 

 The relative comparisons of changes in air temperature and wind ventilation in the five 

different scenarios were carried out by simulating microclimate using the ENVI-met software. The 

ENVI-met simulates microclimate by incorporating 3D building and other spatial data into a 3-

dimensional Computed Fluid Dynamics (CFD) model.  This model has been widely used and 

validated in several applications for prediction of spatial patterns of microclimate conditions in 

various and urban and non-urban environment. For example, Xun et al. (2014) applied ENVI-met 

model to simulate urban microclimate in Chongqing, China. They have used this microclimate 

information for a comprehensive evaluation of pedestrian-height wind environment and thermal 

comfort and provided recommendations to improve the design of urban environments. Likewise, 

Morakinyo and Lam (2016) used ENVI-met simulations for studying the effect of different types 

of urban greening patterns on the microclimate conditions in urban canyons. Maggiotto et al. (2014) 

made use of ENVI-met to study the issue of urban heat islands in Lecce, Italy, and found that the 

ENVI-met can accurately present the change in temperature throughout a day. Shahidan et al. 

(2012) evaluated cooling effect by combination of trees and ground materials with outdoor and 

building environment by using and validated microclimate simulations in Putrajaya, Malaysia. 

Furthermore, Ng et al. (2012) applied and validate ENVI-met simulations to study cooling effect 

of greening in high-density urban landscape of Hong Kong. Therefore, considering the wide scale 

acceptance and applications of the model for simulating microclimate conditions in urban areas, 

this study used numerical simulation model of ENVI-met to analyse the spatial changes in air 

temperature and wind ventilation conditions due five different building models.    

 To simulate the microclimate by ENVI-met, some assumptions were made, including the 

steady temperature and no heat storage inside the buildings, and the default setting of soil 

temperature and humidity. Although these parameters, such as grid size, cell height, thermal 

storage in buildings, soil temperature and humidity etc., are of utmost importance for absolute 

urban microclimate mapping, keeping these parameters constant will be served as controlling 

parameters to conduct comparative analysis of microclimate under different scenarios of spatial 

arrangements of buildings. Regions for analysis were determined during early stage followed by 

modelling of three study areas and their surrounding areas in the ENVI-met. The 3D building 

models were developed by allocating height values to building’s footprints. The vertical grids are 

generated by the equidistant method, and the vertical grids are the same except for the bottom. 
Five scenarios were established for analysing air temperature and wind ventilation. Initial weather 

information for a particular date and time were acquired from the Hong Kong Observatory and are 

listed in Table 2 below.  
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Table 2  

Configuration settings in ENVI-met. 

Figures 
4 August 2014 

 (Summer) 

5 February 2014 

(Winter) 

Simulation start time 7:00 a.m. 7:00 a.m. 

Total simulation hours 24 24 

Wind speed at 10 m above ground (m/s) 1.5 4.5 

Wind direction Southeast East 

Initial atmosphere temperature (deg. C) 
29.5 (Study area 1 and 2) 

/ 29 (Study area 3) 
15.5 

Specific humidity at 2500 m (g Water/kg air) 6.77 9.74 

Relative humidity at 2 m (%) 91.5 83 

 

 The dates of August 4, 2014 and February 5, 2014 were chosen in this study. The air 

temperatures during these two selected days were 29.5 °C (29 °C for the area near the harbor) and 

15.5 °C respectively, as shown in Table 3. These temperatures are nearly the same as the mean air 

temperatures in February and August 2014. Therefore, to a certain extent, these two days can 

represent Hong Kong's normal weather condition in summer and winter. In addition, the 

meteorological data of study areas 1, 2, and 3 were obtained from several nearby observation 

stations. In this configuration setting, a total of 24 hours were assigned for the whole simulation 

process. 
 
Table 3 

Mean air temperature in 2014 observed in the Hong Kong Observatory (HKO, 2015).  

Month January February March April May June July August September October November December 

Mean 

(°C) 
16.3 15.5 18.7 22.6 26.4 29.0 29.8 29.0 29.0 26.2 22.6 16.3 

 

Finally, the comparison images of air temperature and wind ventilation of S2 versus S3, S2 

versus S4, and S2 versus S5 were produced from the simulation outputs using the post-processing 

ENVI-met software. In the comparative maps, the air temperature and wind simulation results of 

S2 was used as a reference, while, S3, S4, and S5 functioned as observations. Thus, the comparison 

values can be calculated by deducting the reference value from the observation value. In this study, 

the bottom grid (z=0) with a height of 1.5 m was selected, as air temperature and wind speed has 

significant impacts at ground level. 

 

4. 3D spatial analysis and experimental results 

4.1   Urban skyline analysis 

Since no two skylines are alike, the city skyline can be used as a representative and 

identification of a city. Two urban skylines were created to present the profiles of the three study 

areas. A comparison among the five scenarios with different PR/BH shows that to what extent the 

increased PR/BH brings effects to the city profiles. 

Taking Skyline 1 as an example, it was mainly used to represent the land and buildings in study 

areas 1 and 2. The yellow buildings are the buildings from study areas 1 and 2, and the grey ones 
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are the surrounding buildings. Heights of the yellow architectures in study areas 1 and 2 gradually 

improved from S1 to S5, shown in Fig.7. However, the growth PR/BH brings insignificant 

influence on the sight of Skyline 1. Similarly, Skyline 2 mainly represents the land and buildings 

in study area 3. Heights of the buildings are also gradually increased from S1 to S5. Similar to 

Skyline 1, the negative effect of increasing PR/BH for Skyline 2 is insignificant. For both the 

residents nearby and the travellers who sense the change of the skyline from S2 to S4, there are no 

significant visual changes. Therefore, S4 is the recommended scenario for the urban skyline 

analysis. Compared to the traditional method, 3D GIS offers a more clear and active method to 

present the profiles of an urban by its skylines. 

 

                     

    
Fig. 7. Scenes of Skyline 1. 

4.2   Visual impact on mountain ridgeline analysis 

The urban design guidelines (Planning Department and RMUM Hong Kong Limited, 2002) 

indicate that the mountain ridgelines are very valuable to the high-density city centre (like 

Kowloon island), which were presented in a red line in Fig.8. Therefore, protecting mountain 

ridgelines is a considerable concern that draws particular attention in city redevelopment. The 

long-term aim is to elevate Hong Kong as a one of the top cities in the world through improving 

the quality of its built environment. Therefore, the conservation of ridgelines should be considered 

as much as possible in urban development/redevelopment. 

Seven vantage points along the Victoria Harbor serving as starting reference points for 

considering the sights to mountain ridgelines in Hong Kong. Because the study areas are located 

in Kowloon island, only the opposite three vantage points in Hong Kong Island were chosen. 

Subsequently, view corridors from the three vantage points were generated to protect sights to the 

mountain ridgeline in Kowloon area. 

Scenario 1 Scenario 2 

Scenario 3 Scenario 3 Scenario 4 Scenario 5 
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Fig. 8. Ridgelines on Kowloon Island 

 To conserve valuable ridgelines in Hong Kong, the building free zone (twenty percent of the 

mountain height to the top) was suggested for maintenance during the urban redevelopment 

according to the Metroplan guidelines (Planning Department, 2015). The line along the bottom of 

the building fee zone is called limit of the roofline. To follow this suggestion, several 1° interval 

sampling points were determined along the limit of the roofline of the mountains in Kowloon area. 

View corridors starting from the three aforementioned vantage points to the sampling points at the 

limit of the roofline were generated to define the visual impact on the ridgeline based on five 

scenarios, which is shown in Fig.9.  There is no sightline was blocked for S2, S3, and even S4, 

which implied that no effect on the visibility under these three scenarios. However, one sightline 

was blocked in S5 at the Quarry Bay Park vantage point, as shown by the red sightline in Fig.10. 

 
(a) All the visible sightlines.                                                                            (b)  Profile of all sightlines.  

Fig. 9. Visible sightlines for S2, S3, and S4. 

 
        Fig. 10. All sightlines at the three vantage points in S5. 
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    For the blocked sightline from the vantage point located at Quarry Bay Park in S5, the sightline 

angles and block percentage were calculated and are shown in Fig.11. The block percentage is 

only 1.23%, which indicates that there is very slight influence on the protection of mountain 

ridgelines even under an extreme condition. Therefore, increasing the PR/BH of the target twenty-

one sites brings a minor negative impact on the visual impact of mountain ridgeline for Hong Kong 

residents and tourists. S4 is also recommended as the most suitable scenario for the visual impact 

on mountain ridgeline analysis. 

 
Fig. 11. Angle of sightlines in S5. 

 

4.3   Shadow and insolation analysis 

Shadow and insolation are generally two important factors of environmental assessment for 

urban planning. A shadow is a dark area where sunlight is blocked via an opaque object (Shadow, 

2019). Insolation is the solar radiation that arrived at the surface of the earth (Insolation, 2018). In 

general, insolation can be used to calculate the allocation of sunlight duration in a designated 

region. 

The effect of insolation and the allocation of sunshine with minor relaxation of PR/BH through 

the comparison of S3 to S2, S4 to S2, and S5 to S2 were investigated. Based on the solar azimuth 

and altitude presented in Fig. 12, six regions were determined for the analysis (three red regions 

for summer and three blue regions for winter). The large difference between sunlight intensity and 

illumination time is considerable; hence, both winter and summer were examined in the study. 

Finally, the average sunlight hours per day of the six regions were calculated and related locations 

were determined. All the parameters for the calculation are provided in Table 4, which include 

solar azimuth and altitude for determining the time of sunrise and sunset. 

  
Fig. 12. Illustration of solar azimuth and altitude, and six analysis regions. 

 
 

https://en.wikipedia.org/wiki/Opacity_(optics)
https://en.wikipedia.org/wiki/Shadow
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Table 4 

Parameters for insolation calculation. 

Sun (KTDA) Winter Summer 

Azimuth 127°SE-232°SW 72°ENE-288°WNW 

Altitude 20° 20° 

Time 8:40 – 16:00 7:15 – 17:32 

 

The findings were showed in a 3D environment within the three study areas for analysis both 

in summer and winter. Due to the high insolation effect, take the summer findings as an example 

only. The average sunlight hours for a particular day in summer were measured for the selected 

study regions. Fig. 13 illustrates ten categories of sunlight hours in summer ranging from (0, 1] to 

(9, 10] in various colored facades of the buildings and varied areas of the ground. The findings 

reveal that the discrepancies between S3 to S2, and S4 to SS are unobvious, when visually 

comparing the colored areas. It is clear that more (green, yellow and blue) areas in S5 are having 

a shadow affect and obtaining less exposure to the sunlight in summer. Correspondingly, fewer 

(red) areas in S5 experience the summer sunlight for a long exposure (9-10 hours).  Similar results 

were acquired in winter.  

 
 Scenario 2 Scenario 3 Scenario 4 Scenario 5 

Study

area1 
    

Study

area2 
    

Study

area3 

    
 
 

Fig. 13. Results of average sunlight hours per day in summer. 

A quantitative analysis was conducted to obtain accurate statistics for the three study areas in 

summer. According to Fig.14, the area sizes shown on the left legend, and relevant percentage of 

architecture facades and floor for each classification of sunshine hours were quantified. The bar 

charts presented that the area percentage shown on the right legend decreases at the longest 

sunlight categories (9-10 hours) as a result of the raised PR/BH, while other shorter sunlight 

classifications increase accordingly. A similar quantitative analysis was carried out in winter. The 

trends of differences for study areas 1, 2, and 3 are similar. 

To further check the change trend of insolation under various scenarios, the discrepancies in 

area size and corresponding percentage among S3 to S2, S4 to S2, and S5 to S2 were computed 

and illustrated by the blue, red, and green curves, respectively. As shown in Fig.14, the variation 

rate of the three different curves are presented on the right legend. The extent of the variations for 

the target three study areas is comparatively small except the extreme case (within 5% for S2 

versus S3, within 7% for S2 versus S4, and within 20% in the extreme case of S2 versus S5). The 

three curves demonstrate that the difference in the longest sunlight classification, namely (9, 10] 

and (8, 9], decreases because of increased building height. However, all the changes are 
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insignificant except for the extreme case, which demonstrates that the effect of an increase of the 

PR/BH in summer is insignificant. The similar results were also achieved in winter for study areas 

1, 2, and 3. However, the percentage of change in winter is relatively smaller than in summer. 

What’s more, the residents nearby who walk through this community will experience less sunlight 

exposure especially in summer, which is an extra benefit to the residents after the minor relaxation 

of the PR/BH.  

 

 

 

 
Fig. 14. Comparison of insolation and areas in summer. 

4.4   Air temperature analysis 

To present the increase in building heights in terms of air temperature, a color legend was 

designed to identify the changes. The simulation results at both 1 am and 1 pm (local time) were 

extracted and are displayed in Fig.15.  According to the legend, the air temperature ranged from 

−0.20 °C to 0.20 °C listed as white is explained as a negligible variation. Air temperature beyonds 

this range (below −0.20 °C in green or above 0.20 °C in red) is considered as a significant variation. 
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Comparing the results both in winter and summer, there is an obvious change in the winter 

afternoon. Study areas 1 and 2 exhibit an insignificant change in S3 and S4, which indicates an 

insignificant change in air temperature after increasing the PR/BH of buildings. A significant 

increase in air temperature was observed in the lower left part of study area 1 in S5 when compared 

with that in S2 in the winter afternoon.  

An evident decrease (over 0.2 °C) in air temperature was observed in study area 3 (S5 versus 

S2) environments in the winter afternoon. This decrease is probably attributable to the deep canyon 

around some parts of the area, which is related to its high H/W ratio. The street surface is almost 

completely shaded for most time of the day so that the air temperature is not easily warmed up by 

solar radiation. In addition, the warm air above building tops during the afternoon cannot reach 

the lower part of the canyon since warm air flow from the upper part is skimmed by the deep 

canyon (Johansson, 2006). Why do significant changes happen in almost the same place for the 

three scenarios? It is found that the separation between the buildings determines where the changes 

appear and the sun’s position in the winter afternoon determines the direction of the changes. 

Specifically, the larger separation between the first two (from left to right) buildings located at the 

second line (from bottom to top) is the main reason why obvious changes happened here; also, the 

sun is located in the southwest direction in winter afternoons to study area 3. Due to the shadowing 

effect, most of the significant decreases happened in the northeast direction (the opposite direction 

to the sun) of the buildings. Conversely, air temperature changes are insignificant both at 1 am and 

1 pm in summer according to our findings. 

Scenario  Time Study area1 Study area2 Study area3 

S3 versus S2 1 pm 

 

 

 

S4 versus S2 1 pm 

 

 

 

S5 versus S2 1 pm 

 

 

 

 
Legend 

Absolute difference air temperature 

  
 
 
 

Fig. 15. Comparison of air temperature in winter’s afternoon. 
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4.5   Wind ventilation analysis  

Similarly, the discrepancies of wind speed were categorized into various intervals for 

identification. Based on the subjective reaction to the air motion (Bradshaw, 2006), the minimum 

wind speed that can be sensed by people is 0.25 m/s, and the wind speed between 0.25 m/s and 

0.51 m/s that can be felt by human beings is comfortable. Besides, the wind direction was also 

simulated and symbolized by arrows in the three study areas, where a long arrow indicates fast 

wind speed. An east wind was defined to initiate the simulation in this study.  

Changes of wind speed are represented using both the legend values and the length of the arrows, 

as shown in Fig.16. Similarly, changes in terms of wind direction are presented using the arrows’ 

direction. A larger difference in wind speed is evident from the comparison result for study area 2 

between S5 and S2 than the other scenario comparisons; a longer wind arrow can be identified. 

Wind direction may change depending on site conditions, such as the position and distribution of 

buildings. After the wind flows through the buildings in the three targeted areas, it is shown as 

being deflected. Slightly increasing development intensity only results in slight changes in both 

wind speed and direction around the study areas in winter.  

When PR/BH increases to an extreme condition (as shown in S5), wind speed and direction 

change significantly in winter. Study area 1 demonstrates an insignificant change in wind speed in 

S3 and S4. The change in wind speed in study area 2 in S3 is insignificant, but a significant increase 

(red area) in wind speed is noted in a small part of study area 2 in S4. In some parts of study area 

3, a significant increase in wind speed (approximately 0.3 m/s) is observed near the sites after 

increasing the heights of buildings in S3. The extent of increased wind speed becomes larger in 

S4, and the extent of increased wind speed is largest in S5. Meanwhile, a decrease in wind speed 

can also be observed in study area 3 in S3, S4, and S5. The increase of wind speed may be due to 

the presence of high-rise buildings leading to greater wind flow at the pedestrian level due to 

downward directed wind flow below the stagnation point as a results of high rise buildings in 

windward direction whereas lower height of buildings in the windward direction results in 

smoother in flow of wind. Similar phenomenon is also observed in another study area in high-

density urban landscape of Hong Kong where increases in the building height, across the wind 

inflow direction, induces increases in wind speed. 
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  Time Study area1 Study area2 Study area3 

S3 versus  S2 1 pm 

 

 

 

S4 versus S2 
 

1 pm 

 

 

 

S5 versus S2 1 pm 

 

 

 

 

Legend 

Absolute difference in wind speed 

   

Fig. 16.  Wind comparison of S3, S4, and S5 with S2 at 1 am and 1 pm in winter. 

To present the wind ventilation results clearly and vividly, 3D views of the three study areas in 

S4 are presented as examples in Fig.17. This figure visualizes wind speed in the three study areas 

at the pedestrian level (1.5 m high), and also displays wind speed in a 3D view from the surface 

level to the building top level.  The wind speed in open spaces in study areas 1, 2, and 3 is 

approximately 5 m/s to 6 m/s. At the top of certain open spaces, higher wind speeds (7 m/s to 8 

m/s) are observed. When the wind reaches the buildings in these study areas, its speed decreases 

to approximately 1 m/s to 3 m/s at the street level because of friction force. 
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Study 
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Study 
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Legend 

Wind speed 

 

Fig. 17.  Visualization of wind ventilation in the three study areas in S4 at 1 pm in winter. 

 

5. Discussion and conclusions 

5.1   Discussion 

To probe the influences of minor relaxation of the maximum PR/BH restrictions of twenty-one 

study sites, 3D GIS, spatial analyses, and simulation technologies were applied. Only urban skyline, 

visibility, shadow and insolation, air temperature, and wind ventilation were considered, and the 

analyses of these factors were limited to the twenty-one target areas in this study. Therefore, spatial 

analyses related to urban heat island, transportation, drainage, public facilities, and other elements 

could be probed in a wider study region in future. The materials and color of architectures for 3D 

models could also be discussed in the further research.  

A microclimate model consists of both cartographic information and meteorological 

configuration, and such a model can function as an example of the adaption of GIS in current real-

life planning issues. The relationships between building height and meteorological data field 

within the study area could be analysed in future research by simulating the microclimate of the 

KTDA using a computational fluid dynamics-based model. As a pilot study focusing on the KTDA 

in Hong Kong, this research tentatively integrated 3D GIS spatial technology and control policy 

of urban development for the first time. The proposed approach can also be used in other urban 

renewal projects with a larger area, such as the Kowloon East Development in Hong Kong or 

similar areas in other densely populated cities. 
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Considering all kinds of influences, S4 is the recommended rational scale to relax the maximum 

PR/BH restriction for the twenty-one study sites because of the minor effect or slight changes. 

Compared to S2, additional GFA, residential units, and potential residents provided by S3 and S4 

are shown in Table 5. The proposed relaxation of PR/BH will provide an additional 156,200 m2 to 

the domestic GFA, and 119,900 m2 to the non-domestic GFA in S4.  

 
Table 5 

Additional GFA, residential units, and potential residents provided by S3 and S4. 

Scenario Type Area (m2) Plot ratio 
Additional 

Area (m2) Percent of area Unit 

(60m2/unit) 
Residents 

(3.5person/unit) 

2 
Domestic 687,300 3.40-6.10 / / / / 

Non-domestic 454,900 2.00-7.20 / / / / 

3 
Domestic 766,300 3.60-6.80 79,000 11.4% 1,316 4,606 

Non-domestic 515,700 2.30-7.80 60,800 13.3% / / 

4 
Domestic 843,500 3.80-8.70 156,200 22.7% 2,603 9,110 

Non-domestic 574,800 2.30-8.50 119,900 26.4% / / 

 

5.2   Conclusions 

In this research, 3D GIS and simulation technologies were used to verify that to what extent the 

maximum PR/BH can be relaxed with only minor changes to the surrounding environment. 3D 

analysis and comparison of skyline, visibility, shadow and insolation, air temperature, and wind 

ventilation based on different five scenarios were successfully simulated and detected. The 

findings indicate that a minor relaxation of the PR/BH would lead to the following outcomes.  

 

(1) After comparison, the influence of raising PR/BH on city skylines was negligible, which 

did not bring much visual changes to the residents and tourists. 

(2) Sightlines were created through connecting the three vantage points in Hong Kong island 

to the sampling points on the limit roofline of the mountain to check the visibility on 

mountain ridgeline, which is an effective way to protect the urban ridgeline during urban 

redevelopment. For the continuously increasing PR/BH under the five scenarios, only one 

bundle of blocked sightlines appeared in S5 at the Quarry Bay Park vantage point. A very 

slight visual influence was noticed on the protection of mountain ridgelines and human 

visibility. 

(3) For shadow and insolation analysis, the average sunlight hours per day, size of sunlight 

area, and the related percentages for various categories were computed both in summer and 

winter in the three study areas. The changes were insignificant in both summer and winter. 

The percentage of change in summer is a little larger than in winter, which is reasonable. 

The effect of shadow and insolation on the microenvironment and walkers was relatively 

small when PR/BH was increased. 

(4) The effect of increasing PR/BH on air temperature was simulated successfully. Air 

temperature change in the three study areas was insignificant when the increase in PR/BH 

under all the scenarios was simulated in summer. The change was also insignificant in 

study areas 1 and 2 in winter when a proper increase in PR/BH was assumed (e.g. S3 and 

S4), while a slight decrease in air temperature was noted in study area 3 in S3 and S4 in 

winter’s afternoon. When PR/BH was considerably increased in S5, the air temperature in 
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study areas 1 and 3 also changed significantly (approximately 0.2-0.4 °C changes) in winter. 

Fortunately, humans cannot feel air temperature changes within 1 °C. 

(5) Wind ventilation showed an insignificant change in the three study areas under S3 and S4 

in both winter and summer. In S5, a considerable change (0.2-0.4 m/s changes) in wind 

ventilation was observed in the three study areas in both winter and summer. 
 

Finally, this study concludes that there is no significant impact on the skyline, visibility, and 

shadow and insolation under the five scenarios. The only significant changes occurred in air 

temperature and wind ventilation in the extreme case of S5. The findings demonstrate that the 

government and the public can evaluate the environmental influence of land development density 

from a holistic view, and make effective and farsighted decisions based on the 3D models and the 

results of spatial analysis. In addition, as a policy decision support tool for tapping the maximum 

potential of land use, the approach raised by this research can also be used to urban development 

or redevelopment cases in other high-density populated cities similar to Hong Kong. 
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