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Abstract 

The total value of the world’s wealth in 2016 was estimated at US$265 trillion, of which 

over half was embedded in real estate. From among residential, commercial and 

industrial properties, and land, residential properties account for the largest proportion 

of valuations for taxation, purchases and investments. In Hong Kong, by the end of 

March 2016 the total assessments were 2,454,450 units, among which 1,951,533 were 

residential units, accounting for nearly 80% of total assessments. Therefore, the 

importance to both governments and individuals of accurate and reliable valuations of 

these residential properties cannot be overemphasized. 

Numerous appeals of valuation inaccuracy have been made over the years with some 

having been litigated and even considered by higher courts. The contention that 

valuation is as much an art as a science poses a major challenge for researchers to find 

ways of improving the accuracy of valuations. 

Accurate real estate valuation requires complete and accurate data, effective valuation 

models, and the proper management of resources. Although researchers have paid 

considerable attention to improving valuation methods, there has been little interest 

shown in improving the accuracy of property related data. Between the two types of 

characteristic data, namely objective data and subjective data, the subjective data, 

which mainly deal with the visual factors, are not easily quantifiable. Previous studies 

mainly employed dummy variables and viewshed as the proxy variables to describe the 

quality of the property view. However, these measures are prone to measurement errors, 

resulting in the inaccuracy of input data. Few studies have investigated improving the 

accuracy of quantifying views, as the most important visual subjective characteristic 

data, from the perspective of view quality. Furthermore, while previous studies used 3D 

modeling techniques to generate 3D city models and conduct viewshed analysis, most 
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of them failed to describe the texture information of buildings and the distribution of 

vegetation and other obstacles, which significantly affects the credibility of their results. 

Therefore, how to model the reality to meet the level of detail (LoD) requirement of 3D 

city models and how to measure scenic view from the perspective of view quality for 

valuation purposes have remained unexplored. 

To address the above mentioned research gap, the aim of this research was to examine 

whether the valuation accuracy of residential property can be improved by using an 

integrated modeling approach to generate a 3D city model based on a geographic 

information system (GIS) to measure scenic view from the perspective of landscape 

visual quality, and from that to create a novel 3D GIS-based valuation system. 

The specific objectives of this research were to: 

(1) Generate a 3D city model with sufficient details to meet the requirement of 

residential property valuation purposes. 

(2) Propose a framework to support the assessment of landscape visual quality in urban 

settings. 

(3) Develop a 3D GIS-based valuation system for assessing scenic view in residential 

property valuations. 

(4) Verify and validate the reliability and effectiveness of the proposed 3D GIS-based 

valuation system in a real case. 

The study reviewed previous studies related to measuring views for real estate valuation 

and assessing landscape visual quality, and summarized the research in this area. The 

level of detail (LoD) required of 3D city modeling for residential property valuation 

was analyzed. To meet such a LoD requirement, an integrated 3D modeling approach 

was proposed to produce a 3D city model. Accuracy assessment was conducted to 



 

IV 

further validate the integrated modeling approach. Based on a review of relevant 

literature, a framework for assessing urban landscape visual quality was proposed. A 

questionnaire survey of urban landscape preference was used to verify the framework. 

Based on the generated 3D city model, indicators of the framework were quantified. 

Relationships between these indicators and human urban landscape preferences were 

estimated and used to make predictions to further validate the proposed framework. A 

3D GIS-based valuation system was then proposed by integrating the three modules: 

the module of generating a 3D city model, the module of quantifying scenic view, and 

the module of valuing residential properties. To validate the entire 3D GIS-based 

valuation system, which utilized the integrated modeling approach to generate a 3D city 

model and the proposed framework to measure urban landscape visual quality, a real 

case study was conducted using empirical and comparative analyses. 

The key findings obtained from this study are as follows. First, an integrated 3D 

modeling approach, which combined the unmanned aerial vehicle (UAV) modeling 

approach with the procedural modeling approach, was used to generate a 3D city model 

with LoD4 for further spatial analysis. Results of accuracy assessment show that both 

the horizontal error and the vertical error of the proposed modeling approach were 

around 30 cm. Second, a framework for assessing urban landscape visual quality was 

developed for measuring human landscape preferences. In this framework, nine key 

visual quality concepts were identified, including naturalness, coherence, disturbance, 

stewardship, historicity, complexity, visual scale, imageability, and ephemera. Based on 

the results of an urban landscape preference survey, relationships between the visual 

concepts and human landscape preferences were estimated. The entire framework was 

validated by the fact that no significant difference was found between the human scores 

and the machine scores predicted by the model. Third, a real case study using the 3D 



 

V 

GIS-based valuation system to measure scenic view was conducted. Empirical results 

show that the 3D GIS-based valuation system succeeded in measuring scenic view from 

the perspective of landscape visual quality. By comparing the performance of the 3D 

GIS-based valuation system with the performance of conventional methods, it was 

concluded that the proposed 3D GIS-based valuation system has a higher prediction 

accuracy, fewer inference biases, and higher uniformity, and performs better overall 

than the two conventional methods. 

This study makes an original contribution to measuring scenic view for residential 

property valuation from both theoretical and practical perspectives. From the 

theoretical perspective, this study proposes an innovative method to generate a 3D city 

model with sufficient detail for real estate valuation purposes through integrating the 

UAV photogrammetric modeling approach and the procedural modeling approach. It 

also proposes to measure scenic view from the perspective of landscape visual quality 

and develops a framework to support the assessment of landscape visual quality in 

urban settings. From a practical perspective, the 3D GIS-based valuation system can 

increase the accuracy of measuring visual factors to further improve property valuation 

accuracy. This would benefit the public and private valuation institutes and agencies, 

as well as other stakeholders such as real estate developers, commercial banks and 

insurance companies, when making determinations about properties. 
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Chapter 1 Introduction 

1.1 Introduction 

This chapter outlines the research proposition of this study, including the research 

background, research questions, research scope, and research aim and objectives. The 

overall research design and structure of the thesis are also presented. Finally, the value 

and significance of the research are highlighted.  

1.2 Research Background 

The total value of the world’s wealth in 2016 was estimated at US$265 trillion (Credit 

Suisse, 2016), of which over half was embedded in real estate. Financial crises were 

often traced to property-related transactions such as the UK financial crises in the early 

1970s, the USA’s saving and loan crisis in the 1980s, and the sub-prime crisis in 2008. 

The importance of accurate and reliable real estate valuation cannot be overemphasized. 

On the one hand, from the government perspective, property taxation has long been 

established as a primary source of government revenue. In the U.S., property taxes are 

primarily levied and administered locally, accounting for more than two percent of GDP 

at the state level. In the U.K., property taxes account for about four percent of GDP, 

while in Canada they account for around three percent and in Australia they account for 

2.5 percent (see Figure 1.1). Heavy reliance on property tax to fund government 

activities is also common to Hong Kong. The general rates were up to HK$14,911 
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million1 in the financial year 2013-2014, accounting for 5.18% of the total government 

revenue. On the other hand, from the individual perspective, property tax is often 

identified as the “most hated tax”, surpassing both income tax and sales tax in taxpayers’ 

low estimation. Real estate valuation estimates are also related to mortgages, sales, and 

purchases in people’s daily life. Therefore, the need for unbiased, objective, accurate 

assessment of real estate property is extremely important. 

 

Figure 1.1 Percentage of Property Tax on GDP in OECD Countries from 2000 to 2015 

Source: OECD (2017), "Revenue Statistics: Comparative tables", OECD Tax Statistics 

(database). DOI: http://dx.doi.org/10.1787/data-00262-en 

Residential properties, commercial properties, industrial properties and land are the main 

types of properties valued for taxation, purchases and investments. Among these 

property assessments, residential properties take a large proportion. For example, 

according to the 2016 annual report from the Rating and Valuation Department, which 

produces independent, uniform and efficient property assessments on an annual basis for 

all properties in Hong Kong, by the end of March 2016 the total assessments were 

                                                        

1 Data source: Census and Statistics Department of Hong Kong 
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2,454,450 units with a total value of HK$651.30 billion, among which 1,951,533 were 

residential units, accounting for nearly 80% of total assessments. Accurately assessing 

these residential properties plays an important role. 

The aforementioned financial crises, such as the sub-prime crisis, have caused concern 

over the accuracy of property valuations. The issue of valuation accuracy and the 

reliability of real property valuations as a proxy for property sales has received 

considerable debate around the world, including the UK, US, Canada and Australia, 

since most financial decisions related to real estate are based on valuations instead of 

actual prices (G. R. Brown & Matysiak, 2000). Valuation accuracy is defined as a 

measure of the difference between a value determination, and a group of value 

determinants, in relation to a subsequently realized sale price. Over the years there have 

been numerous complaints of valuation inaccuracy to the extent that some have been 

litigated in the higher courts, led by the traditional contention that valuation is as much 

(if not more of) an art rather than a science (Azmi, Nawawi, Ab Latif, & Ling, 2013; A. 

Baum, Mackmin, & Nunnington, 2012; Kummerow, 2003; Millington, 1985; Tajudeen 

Aluko, 2007). Some researchers have gone so far as to contend that it is no justification 

of valuation accuracy even when prices paid are close to valuation when negotiations 

are carried out by appraisers (A. E. Baum & Crosby, 2014) and valuation inaccuracy 

may be unavoidable due to the different perceptions of appraisers (Shapiro, Mackmin, 

& Sams, 2012). This poses a major challenge for researchers: how to improve the 

accuracy of real property valuations. 

For scholars who refuse to accept the mediocrity of inaccuracy, such a challenge 

provides numerous areas for research. According to the International Association of 

Assessing Officers (IAAO, 2014), accurate real estate valuation requires complete and 
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accurate data, effective valuation models, and the proper management of resources. In 

other words, property valuation accuracy heavily relies on the accuracy of input data and 

valuation methods. The literature reveals that researchers have attempted to improve the 

accuracy of valuations by proposing new appraisal methods, such as: Artificial Neural 

Network (Borst, 1991; Evans, James, & Collins, 1992; McCluskey, 1996; McGreal, 

Adair, McBurney, & Patterson, 1998; Wiltshaw, 1995), Fuzzy Logic (Bagnoli & Smith, 

1998; Thériault, Des Rosiers, & Joerin, 2005), Regression Trees (Fan et al., 2006), and 

Random Forest (Antipov & Pokryshevskaya, 2012). However, despite these new 

methods, valuation inaccuracy is still found to be a global problem in the real estate 

industry (Babawale, 2013; Crosby, 2000; Parker, 1998). Compared to studies on 

valuation methods, there have been few on the accuracy of property-related data. Havard 

(2001) identified the causes of valuation inaccuracy to include errors in the survey, 

insufficient depth of investigation, errors in procedure, and client pressure or influence, 

all of which would negatively affect the accuracy of the input data and therefore decrease 

the valuation accuracy. Accuracy is further affected by the fact that, unlike objective 

input data, subjective input data are not easily quantifiable. 

Characteristic data related to residential property valuation includes three main types 

(see Table 1.1): (a) physical1, (b) locational2, and (c) environmental3 (Rosen, 1974; 

                                                        
1 Physical attributes refer to the structural conditions of properties such as living area, construction quality 
and type of dwelling. 

2 Locational attributes refer to factors related to property’s location such as accessibility to market and 
transportation. 

3 Environmental attributes refer to property’ exterior environmental amenities such as forests, parks, water 
body and noise, and environmental contamination such as noise, pipelines, power lines and microwave 
sources. 
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Freeman, 1979; Cheshire and Sheppard, 1995). These data can also be categorized as 

either subjective or objective. Subjective characteristic data mainly deal with visual 

factors such as the view of construction site, cemetery view, park view, and sea view, 

while objective characteristic data mainly include other physical and locational factors. 

Previous studies mainly employed three methods to quantify these visual factors, 

including using dummy variables, depending on experts’ adjustments through site visits, 

and visibility measurements based on GIS. In other words, previous studies used dummy 

variables and viewshed as the proxy variables to describe the quality of the property 

view. These measures are however prone to measurement errors (Steven C Bourassa, 

Hoesli, & Sun, 2004), resulting in the inaccuracy of input data. Even though quantifying 

view is the most important visual subjective characteristic data, a search of the literature 

revealed an absence of studies related to improving the accuracy of quantifying view 

from the perspective of view quality. There is therefore a need for a richer analytical 

approach to considering visual quality rather than simply looking at how much of an 

object or area of land can be seen. 

Table 1.1 Property Characteristic Data Related to Residential Property Valuation 

Variable Name Physical Attributes Locational Attributes Environmental Attributes 

 Objective Subjective Objective Subjective Objective Subjective 

Type of dwelling √        

Living area √        

Construction 

quality 
√        

Effective age √        
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Secondary areas  √        

Land size in the 

case of detached 

structures 

√        

Available 

utilities 
√        

Market area, 

zone, or 

neighborhood 

   √     

Aspect       √  

Flyover       √  

Lighting & 

Ventilation 
      √  

Noise       √  

Cemetery        √ 

Construction site        √ 

Flood light        √ 

Market    √     

Overhead cable        √ 

Pump room √        

Smell       √  

Orientation       √  

View-distant        √ 

View-garden        √ 
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View-Harbor 

view 
       √ 

View-landscaped        √ 

View-mountain        √ 

View-open        √ 

View-park        √ 

View-sea        √ 

Furthermore, previous studies used 3D modeling techniques such as LiDAR to generate 

city models and conducted viewshed analysis. This approach failed to describe the 

texture information of buildings and the distribution of vegetation and other obstacles, 

which significantly affected the credibility of the viewshed analysis results. Therefore, 

how to model reality to meet the level of detail (LoD) required of 3D city models for 

valuation purposes, still remains unexplored. 

To bridge the aforementioned research gaps, this study proposed an integrated 3D 

modeling approach to cost-effectively generate a 3D city model with sufficient detail. 

On the basis of the 3D city model, an extended framework was developed to support the 

assessment of landscape visual quality in urban settings. Different from previous 

research, this study employed the concept of landscape visual quality as the proxy 

variable of view, instead of the traditional viewshed measurement. By integrating UAV 

photogrammetric modeling with procedural modeling, a 3D city model with photo-

realistic textures and interior features was produced and a framework to assess landscape 

visual quality in urban settings was developed. This approach automatically and 

consistently models and quantifies views from homes and is an accurate and efficient 

method for quantifying subjectively visual factors. The results of this study can be used 
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by government valuation institutes and private valuation agencies for residential 

property valuations. 

1.3 Research Scope 

This study focuses on valuing residential properties. According to the International 

Association of Assessing Officers (2014), different common types of real estate 

properties include residential properties, commercial properties, industrial properties 

and land. Residential property assessments account for a large proportion of the total of 

these four assessments. 

The study focuses on improving the accuracy of quantifying subjective characteristic 

data for residential property valuation. According to the International Association of 

Assessing Officers (2014), there are three major types of characteristic data: i) 

continuous or area measurement data, such as living area and exterior wall height; ii) 

objective categorical data; and iii) subjective categorical data. These three types can be 

further divided into two simple types: objective (continuous or area measurement data 

and objective categorical data) and subjective (subjective categorical data). 

Measurement errors are prone to subjective ones. Therefore, the focus of this study is on 

the subjective characteristic data. 

The study focuses on promoting the accuracy of measuring scenic view for residential 

property valuations. Previous studies employed one of three methods to measure scenic 

view for residential property valuation: dummy variables, experts’ adjustments, and 

visibility measurements based on GIS. However, since these three methods are all prone 

to measurement error, a study to propose a more accurate measurement approach is 

needed. 
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1.4 Research Aim and Objectives 

The aim of this research was to examine whether the valuation accuracy of residential 

properties can be improved by using an integrated modeling approach to generate a 3D 

city model based on a geographic information system (GIS) to measure scenic view 

from the perspective of landscape visual quality, and from that to create a new 3D GIS-

based valuation system. 

The specific objectives of this research were to: 

(1) Generate a 3D city model with sufficient detail to meet the level of detail (LoD) 

required for real estate valuation purposes. 

(2) Propose a framework to support the assessment of landscape visual quality in urban 

settings. 

(3) Develop a 3D GIS-based valuation system for assessing scenic view in residential 

property valuations. 

(4) Verify and validate the reliability and effectiveness of the proposed 3D GIS-based 

valuation system in a real case. 

First, the requirement of LoD in 3D city models for residential property valuation 

purposes was proposed and an integrated 3D modeling approach to achieve such a 

requirement was put forward. This was realized by a combination of the UAV 

photogrammetric modeling approach and the procedural modeling approach (Objective 

1). Second, a framework for assessing landscape visual quality in urban settings was 

developed to support the quantification of view (Objective 2). Key visual concepts to 

assess landscape visual quality identified in the aforementioned framework were 
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quantified based on the generated 3D city model, and then used to predict the landscape 

preferences. The results of the first two objectives together serve as the basic modules 

for developing a 3D GIS-based valuation system for assessing scenic view in residential 

property valuations (Objective 3). Finally, a case study of Heng Fa Chuen, located in 

Chai Wan, Hong Kong, was conducted to examine whether the proposed 3D GIS-based 

valuation system can improve the accuracy of quantifying subjective visual factors to 

further improve the valuation accuracy of residential properties; results from the case 

study showed that the proposed system which is capable of improving the measurement 

accuracy of visual factors has better performances on rations of valuation accuracy and 

uniformity. 

1.5 Research Design 

In order to achieve the research objectives, the process shown in Figure 1.2 was followed. 

(1) Firstly, research problems and gaps were identified through a literature review. This 

process is covered in Chapter 1 to 3 of the thesis. 

(2) Secondly, data collected from field study were used for UAV photogrammetric 

modeling purposes. By using the UAV photogrammetric modeling approach, a 3D 

exterior building model with photo-realistic textures was generated. A 3D interior 

building model was produced by the procedural modeling method, which depends on 

existing 2D GIS map and Computer Generated Animation (CGA) rules. This process 

generated the Digital Surface Model (DSM) with sufficient detail and accurately located 

the viewpoints. This process is detailed in Chapter 5 of the thesis. 
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(3) Thirdly, a framework of urban landscape preference was proposed, and related 

indicators quantified based on the results of Step 2. A landscape preference survey was 

conducted to further investigate the relationship between these indicators and human 

landscape preference. Validation of the proposed framework was performed by 

comparing the predicted preference values with the actual values. This process is 

explained in Chapter 6 of the thesis. 

(4) Fourthly, a 3D GIS-based valuation system, which measures scenic view for 

residential property valuation based on a 3D city model from the perspective of 

landscape visual quality, was developed from Step 2 and Step 3. This process is covered 

in Chapter 7 of the thesis. 

(5) Finally, the overall system was validated by conducting a case study. A comparative 

analysis with conventional methods was undertaken to test the reliability and 

effectiveness of the proposed 3D GIS-based valuation system. This process is described 

in Chapter 8 of the thesis. 
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Figure 1.2 Overall Research Framework of the Thesis 
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1.6 Significance of the Research  

First, the proposed 3D GIS-based valuation system provides an integrated approach to 

cost-effectively generating a 3D city model with sufficient details for assessing scenic 

view, which improves the credibility of GIS-based methods without site visits. The 

current method employed to produce 3D city models is the LiDAR approach, which is 

expensive and fails to model the texture of buildings and other obstacles such as 

vegetation. The proposed 3D GIS-based valuation system integrates the UAV 

photogrammetric modeling approach and the procedural model approach to produce a 

3D city model with photo-realistic textures, which facilitates accurately locating 

viewpoints according to locations of windows and balconies. It can also offer essential 

interior features of buildings, which can contribute to real estate data management. These 

innovations will improve 3D model-based indicators for assessing scenic view in 

residential property valuations. 

Second, different from previous studies that utilized viewshed to measure scenic view 

of real estate, this study employs the concept of landscape visual quality. Viewshed only 

describes the extent to which an object is visible, without consideration of human general 

understanding. The concept of landscape visual quality, which is simply defined as the 

aesthetic perception of human, is widely used in landscape management, architecture 

and planning to describe the human preference. This process is useful for theoretically 

reducing measurement errors of quantifying scenic view as a subjective visual factor. A 

framework for assessing urban landscape visual quality is proposed to achieve such a 

goal. 

Third, the results of this study have significant practical value for the entire industry and 
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stakeholders. From the perspective of the industry, significant improvements in 

valuation accuracy will be achieved, benefiting from improvements in the accuracy of 

measuring property related characteristics, especially subjective data that are not easily 

quantifiable. From the perspective of stakeholders, they will benefit from not only 

improvements in valuation accuracy but also from significant savings in valuation costs, 

since this system can automatically and objectively quantify 3D visual factors and reduce 

the need for sending appraisers to the field to conduct physical inspections. They will 

also benefit from the powerful visualization function offered by this system, which can 

recreate views to support their assessed results. Specifically, they will benefit from the 

powerful visualization and quantification abilities of the proposed 3D valuation system. 

The system can also be used to validate and assist with private appraisals. 

1.7 Structure of the Thesis 

The thesis comprises nine chapters. 

Chapter 1 is an overall introduction highlighting the essential information of the whole 

research, including the research background, research questions and objectives, research 

scope and design, research methods, and structure of the thesis. 

Chapter 2 provides a comprehensive review of the literature relating to assessing scenic 

view for real estate valuation. Three main methods are reviewed: using dummy variables, 

depending on experts’ adjustments through site visits, and visibility measurement based 

on GIS. The research gaps are identified to justify the study and highlight its significance. 
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Chapter 3 provides a comprehensive review of the literature relating to assessing 

landscape visual quality. Existing landscape preference assessment theories and methods, 

and related limitations are summarized and discussed. 

Chapter 4 describes the study's research methodologies. The research framework is first 

discussed, followed by details of the methods employed, such as literature review, case 

study, and an online survey. Details are also provided of major modeling techniques such 

as UAV photogrammetric modeling and procedural modeling, and data analysis methods, 

including fuzzy viewshed analysis, elastic net, and hedonic analysis. 

Chapter 5 identifies the requirement of level of detail (LoD) of 3D city models for real 

estate valuation purposes and proposes an integrated 3D modeling approach combining 

the UAV photogrammetric modeling approach with the procedural modeling approach 

to meet such a requirement. 

Chapter 6 provides a framework supporting the assessment of landscape visual quality 

in urban settings. The chapter first reviews the current most widely used framework for 

assessing landscape visual quality and discusses its shortcomings. Determinants of urban 

landscape visual quality are then reviewed and added to the aforementioned framework. 

Finally, a public landscape preference survey is conducted to test the reliability of the 

extended framework. 

Chapter 7 proposes a 3D GIS-based valuation system for assessing scenic view in 

residential property valuations. Property characteristic information was provided in the 

input layer, while the integration layer was built by integrating the 3D city model module 

and the assessing landscape visual quality module. 
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Chapter 8 describes the case study used to validate the proposed 3D GIS-based valuation 

system for assessing the scenic view component of real estate valuations. First, the scenic 

view of residential properties from a real case is quantified based on the proposed 3D 

GIS-based valuation system. Second, hedonic regression analysis is conducted to test 

the reliability of the proposed system. Third, comparative analysis with conventional 

assessment methods is conduced to highlight the effectiveness and advantages of this 

system. 

Chapter 9 summarizes the primary research findings and examines the achievement of 

the study's research objectives. The theoretical and practical contributions of the study 

are highlighted and its limitations examined. Finally, suggestions for further related 

research are provided. 

1.8 Summary of the Chapter 

This chapter has outlined the proposition and significance of the study, including the 

research background, research questions, research aim and objectives, research design, 

and the scope of the research. 
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Chapter 2 Literature Review: Measuring View in Real 
Property Valuations 

2.1 Introduction 

Housing is a multi-attribute commodity comprising diverse and heterogeneous 

characteristics. More specifically, each unit has its unique bundle of attributes such as 

physical attributes and environmental attributes. According to the International 

Association of Assessment Officers (2014), those inherent attributes include physical 

attributes 1  (such as living area, construction quality, and building age), locational 

attributes2 (such as zone, distance to public transportation, and distance to the central 

business district), and environmental attributes3 (such as water frontage, view quality, 

and noise). All of these attributes are critical to accurate valuation (Baranzini & Schaerer, 

2011; Jim & Chen, 2009). 

A growing trend towards high-density urban living increases the significance of natural 

features within the urban fabric. Urban parks and forests, water resorts, lakeshores, 

farmlands, and landscape are important elements contributing to the well being of urban 

households. Many people display a preference for natural over-built environments 

(Hartig & Evans, 1993; Jim & Chen, 2009; Kaplan & Kaplan, 1989), and they are willing 

                                                        
1 Physical attributes refer to the structural conditions of properties such as living area, construction quality 

and type of dwelling. 

2 Locational attributes refer to factors related to property’s location such as accessibility to market and 

transportation. 

3 Environmental attributes refer to property’ exterior environmental amenities such as forests, parks, water 

body and noise, and environmental contamination such as noise, pipelines, power lines and microwave 

sources. 
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to pay extra for a pleasant view bestowed by natural elements around a home (Benson, 

Hansen, Schwartz Jr, & Smersh, 1998; Rodriguez & Sirmans, 1994). The market has 

also become increasingly aware of the potentially detrimental effects of contaminants in 

the air, water, and soil, which negatively impact the overall environment. The quality 

and the quantity of environmental elements will affect the amenity value as well, which 

results from people’s appreciation of an asset’s pleasantness, aesthetic coherence, and 

cultural and recreational attributes. In Bellingham, U.S., a full ocean view increased the 

market price of an otherwise comparable single-family house by 60%, but dropped to 

only about 8% for low-quality confined ocean view (Benson et al., 1998). Environment 

nuisances such as noise and cemetery view will depress house value (Tse & Love, 2000). 

For instance, a house with a scenic sight of water bodies in the Netherlands could attract 

a premium of 8-10%, and open space 6-12% (Luttik, 2000). Similar findings can also be 

found in the USA (Crompton, 2001) and China (Jim & Chen, 2009). 

However, these environmental factors, such as the amount of open view and 

concealment offered within the surrounding environment and the physical attributes 

considered to be beneficial to survival (Appleton, 1975; Kaplan & Kaplan, 1989), tend 

to be subjectively perceived by individuals and are therefore not easily quantifiable 

(Damigos & Anyfantis, 2011; S.-M. Yu, Han, & Chai, 2007). In general, dummy 

variables (simple or multiple) are the most widely used method to quantify 

environmental factors in academic research, while subject judgments from appraisal 

experts are often employed in practice. 

This chapter reviews recent research related to assessing view for real estate valuation 

purposes. Existing methods, namely employment of dummy variables, experts’ 



 

19 

 

adjustments, and GIS-based visibility measurement, are summarized and limitations are 

discussed. 

2.2 Dummy Variables 

Previous studies used single dummy variables (i.e. properties “with” and “without view”) 

or multiple dummy variables (i.e. properties with “broad view”, “confined view” and 

“no view”) to estimate the impact of view on apartment values. 

Table 2.1 summarizes the recent studies using dummy variables to quantify view. Two 

interesting phenomena can be identified from the summary: (1) among natural elements, 

most studies focus on water bodies such as lakes, rivers and oceans that are two-

dimensional, rather than mountains and vegetation that are three-dimensional; (2) 

compared with studies on the impact of natural elements on apartment prices, few studies 

investigated the impact of artificial elements such as buildings. The reason of these two 

tendencies might be the complexity of natural and artificial 3D elements. According to 

Kaymaz (2012), it is quite difficult to measure landscape preferences and investigate 

their determinants in urban settings, since there are too many complex structures in urban 

areas. 

The method of using dummy variables has been criticized for being inconsistent, 

overestimating values of low-quality views, and underestimating values of high-quality 

views (Berhrer, 2010). Taking Hong Kong as an example: Jim and Chen (2010) claimed 

that by using a simple dummy variable, a harbor view attracted a premium of 5.1%; 

however, by using multiple dummy variables to quantify environmental elements, Jim 

and Chen (2009) found that the price for a property unit with a broad harbor view could 

be raised by 2.97%, while a confined harbor view could lift the price by 2.18%. 
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Furthermore, Hui, Chau, Pun, and Law (2007) claimed that the availability of a sea view 

for an apartment would increase its value by 4.6%. Such inconsistency might result from 

employing a too simplified method to quantify view, which can be heterogeneous and 

varies by quality. 
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Table 2.1 Summary of Studies Using Dummy Variables 

Type of Dummy 

Variables 
View Type References 

Single 

Natural elements 

Waterbody 

(Lake/river/ocean) 

Steven C Bourassa, Hoesli, and Peng (2003); G. M. Brown and Pollakowski 

(1977); Cassel and Mendelsohn (1985); Darling (1973); Doss and Taff (1996); 

Jim and Chen (2010); Kask and Maani (1992); Kulshreshtha and Gillies (1993); 

Lansford Jr and Jones (1995); McLeod (1984); Plattner and Campbell (1978); 

Pollard (1980); Pompe and Rinehart (1995); Smith (1994); Tse (2002) 

Mountain Cassel and Mendelsohn (1985); Song and Knaap (2003) 

Green (Forest/garden) McLeod (1984); Tyrväinen and Miettinen (2000) 

Artificial elements 
Street/road/railway Pollard (1980) 

Buildings  

Multiple 

Natural elements 

Waterbody 

(Lake/river/ocean) 

Abelson (1996); Benson et al. (1998); Steven C Bourassa et al. (2004); Cassel 

and Mendelsohn (1985) 

Mountain  

Green (Forest/garden)  

Artificial elements 
Street/road/railway  

Buildings Steven C Bourassa et al. (2004) 
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2.3 Experts’ Judgments 

As an alternative to using dummy variables, site visits can be conducted to assess views 

(Anderson & Cordell, 1988; Luttik, 2000). This process of quantifying views is through 

experts’ site inspections and is widely used in practice. Take the example of Cape Town, 

South Africa. According to the City of Cape Town Residential Data Collection Manual 

2006, the predominant view of a property is categorized as an excellent view1, a 

panoramic view2, a partially obstructed view3, an above average view4, an average 

view5, a below average view6, and a poor view7. Such a description is too general and 

purely qualitative, which would thereby increase the subjectivity of the whole process. 

It tends to categorize properties according to the broader classes given above thereby 

failing to capture the important micro-variations that may occur within those categories 

                                                        
1 An excellent view represents a superb, clear, unobstructed view of the ocean from a reasonably short 

distance 

2 A panoramic view represents a distant, but clear, unobstructed view of one or more natural features 

(mountain or ocean). It is typically a wide view from an elevated position. However, it also includes 

close, majestic views of mountain. In golf estates, a clear view from a property overlooking a fairway 

would be included here. 

3 A partially obstructed view represents an excellent or panoramic view as defined above, but with some 

obstruction of the view of the natural feature. 

4 An above average view represents a view of one or more natural features. The view of the natural 

feature is normally distant or may be within a few kilometers. Can include views from elevated positions 

looking down only on other properties. The important point is that the view must be better than the 

average typical neighborhood view and the natural feature is nor spectacular. 

5 An average view represents the typical neighborhood position with no special view of any natural 

feature. 

6 A below average view represents a view of one or more commercial or industrial properties or other 

feature that would detract from the normal average view. A view of a school would not be considered a 

below average view. 

7 A poor view represents a dominant view of a heavy industrial area, unattractive business areas, railroad, 

rail yard or major highway. Its effect is definitely detrimental to value. 
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(Kahonde & Whittal, 2007). 

This method facilitates the attainment of specific landscape objects (e.g. vegetation and 

streets), but collecting enough samples for analyses can be labor-intensive and time-

consuming to examine the view quality of the properties. Therefore, this approach has 

been criticized for being time-consuming and not being convenient for mass appraisal 

because of its large-size sample (Paterson & Boyle, 2002; S.-M. Yu et al., 2007). 

Another limitation of this method is that it fails to offer a reliable categorization of 

views because the whole process depends on an expert's subjective judgment (Paterson 

& Boyle, 2002; S.-M. Yu et al., 2007). Quantification results may vary from expert to 

expert, and from property to property. 

2.4 Visibility Measures through GIS 

Recent advancements in the use of Geographic Information Systems (GIS) data provide 

a solution to estimate the impact of view based on visibility measurements without 

sending appraisers into the field for physical inspections (Baranzini & Schaerer, 2011; 

Bishop, Lange, & Mahbubul, 2004; Lake, Lovett, Bateman, & Day, 2000; Paterson & 

Boyle, 2002; Poudyal, Hodges, Fenderson, & Tarkington, 2010; S.-M. Yu et al., 2007). 

Lake, Lovett, Bateman, and Langford (1998) were the first to employ GIS to estimate 

environmental impacts on property prices. They modeled viewshed by integrating a 

digital elevation model (DEM) with a building layer in which building height was 

estimated by the number of stories. The accuracy of the viewshed analysis crucially 

depends on two aspects, namely the accuracy of digital elevation data representing 

reality (Bishop, 1999; Rød & van der Meer, 2009) and the accuracy of observation point 

locations. According to Bishop (1999), credibility is one reason of limiting the wide use 

of the viewshed analysis in quantitative landscape studies. With the development of 3D 

modeling technologies such as LiDAR, the accuracy of 3D models has been improved, 

which has dramatically increased the application of viewshed analysis (Sander & 

Polasky, 2009; Yamagata, Murakami, Yoshida, Seya, & Kuroda, 2016; S.-M. Yu et al., 
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2007). 

Table 2.2 summarizes the recent studies using viewshed analysis to quantify view. Two 

interesting tendencies can be identified from the table. One is the employment of 

automatic 3D modeling approaches like LiDAR modeling to capture input data for 

viewshed analysis, and the other is the increasing input data captured for viewshed 

analysis such as DEM and building models. However, there are still some limitations. 

Firstly, most of the previous studies employed the LiDAR modeling approach to 

generate 3D models, which is of high cost and lacks the texture information of buildings 

(Xie, Zong, & Wang, 2013). According to International Association of Assessing 

Officers (2014), a CAMA system should be characterized by accuracy, uniformity, 

equity, reliability, transparency, and lower per-property costs for property taxation 

purposes. Being of high cost and lacking texture information of buildings, the LiDAR 

modeling approach seems not that appropriate when applying a CAMA system for mass 

appraisal valuation purposes. According to Wolf and Dewitt (2000), Atkinson (2001), 

and Al-Hanbali, Fadda, and Rawashdeh (2006), 3D modeling using digital 

photogrammetric techniques is the most suitable, reliable and efficient technology for 

building 3D models with the highest precision for large areas. Secondly, almost all the 

current studies fail to accurately describe the real obstacles such as buildings and 

vegetation. For example, S.-M. Yu et al. (2007) estimated buildings by the number of 

stories and an assumed floor height of 3 meters. Baranzini and Schaerer (2011) and 

Yamagata et al. (2016) used a similar approach. Vegetation, as another type of important 

obstacles, is usually excluded or insufficiently well mapped. Most previous studies 

conducted viewshed analysis without considering the effect of vegetation (Baranzini & 

Schaerer, 2011; Poudyal et al., 2010; Yamagata et al., 2016; Yasumoto, Jones, Nakaya, 

& Yano, 2011; S.-M. Yu et al., 2007; Zhang, Li, Liu, & Liu, 2014). S. Yu et al. (2016) 

was found to take vegetation into account. However, they only described the 

distribution of vegetation with the assistance of 2D high-resolution aerial photograph 

and ignored the height of vegetation. Thirdly, to the best knowledge of the author, all 

the current studies failed to accurately locate observation points (such as windows and 
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balconies). Yasumoto et al. (2011) chose the horizontal position of the front door of 

each property as the observation point since the location of windows was unknown. 

Baranzini and Schaerer (2011) even failed to locate the property unit on each floor. 

Yamagata et al. (2016) estimated the location of viewpoints according to the main 

orientation of the property. The reason for such failure may be that most studies 

employed the LiDAR modeling approach, which lacks the texture information of 

buildings. Fourthly, the viewshed analysis they employed failed to consider the impact 

of view depth, while the depth of view was considered to be more important than 

content in determining visual preference in some landscapes (Bishop, Wherrett, & 

Miller, 2000). Impacts of foreground, middle ground, and background have been 

distinguished as essential components of view. 

All the aforementioned studies employed the results of viewshed analysis as the 

instrumental variable of view. Viewshed refers to the measure of the extent to which an 

intervention may be seen from the surrounding area from selected viewpoints. Results 

of visibility/viewshed analysis, which is usually based on GIS, only describe “whether” 

and “how much” an object or area of land, such as water bodies and green space, is 

visible (N Sang, Gold, & Miller, 2016). However, one’s view means not only what is 

visible but also a broader philosophical and psychological conception (Ervin & Steinitz, 

2003). That is, human perception of landscape depends on not only the sum total of 

motivation for preference but also a general understanding of the landscape. 

Differences and heterogeneity can be easily observed from different property units with 

views, which share the same results of visibility analysis for a specific landscape 

element such as water bodies. Differences can be expected in patch topology, size and 

shape (Neil Sang, Miller, & Ode, 2008), which indicates that visibility is necessary but 

insufficient (Ervin & Steinitz, 2003). Results of visibility analysis should still be 

considered with caution as these measures are prone to measurement errors (Steven C 

Bourassa et al., 2004). Visual benefits from a view are not limited to its natural features 

but also depend on the attractive landscaping and the quality of its surrounding 

improvements (Steven C Bourassa et al., 2004), indicating that visual benefits of having 
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a view are usually heterogeneous and will be affected by its surroundings. Therefore, 

estimating the impact of view on housing prices requires a richer analytical approach 

rather than simply “whether and possibly how much of an object or area of land can be 

seen”. Instead of measuring viewshed or visibility, it is more desirable to consider visual 

quality (Yamagata et al., 2016). 



 

27 

 

Table 2.2 Summary of Recent Literature Employing 3D Technology to Quantify View 

  View type 3D modeling method 
Input data for viewshed 

analysis 

 Country Size Model Type 
Open 

view 

Mountain 

view 

Water 

view 

Green 

view 

Urban 

view 

Manual 

modeling 

Automatic 

modeling 
DEM 

Building 

model 

Vegetation 

model 

S.-M. Yu et 

al., (2007) 
Singapore 841 Semi-log Area   √   √   √  

Poudyal, 

Hodges, 

Fenderson, 

& 

Tarkington, 

(2010) 

Tennessee, 

USA 
546 Semi-log Area    √    √   

Yasumoto, 

Jones, 

Nakaya, & 

Yano, 

(2011) 

Kyoto, 

Japan 
5172 - Area   √ √   

√ 
(LiDAR) 

√ √  

Baranzini & 

Schaerer, 

Switzerlan

d, Swiss 
12932 Semi-log Area   √ √ √  

√ 
(LiDAR) 

√   
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(2011) 

Zhang, Li, 

Liu, & Liu, 

(2014) 

Shenzhen, 

China 
  Area  √      √   

S. Yu et al., 

(2016) 

Shanghai, 

China 
576 - 

Floo

r 

gree

n 

view 

inde

x 

   √   
√ 

(LiDAR) 
√ √ 

√ 
(2D photo) 

Yamagata, 

Murakami, 

Yoshida, 

Seya, & 

Kuroda, 

(2016) 

Yokohama, 

Japan 
694   √  √ √   

√ 
(LiDAR) 

√ √  



 

29 

 

2.5 Summary of the Chapter 

This chapter reviewed the current methods of quantifying view for real estate valuation 

purposes, including using dummy variables, conducting physical inspections, and 

employing visibility measurements. Using dummy variables is the simplest method but 

also the most problematic since it cannot distinguish the difference between different 

qualities of the same environmental element. Other quantitative approaches are based on 

line-of-sight visibility or on individual judgment. The approach that depends on the 

judgment of experts is the most widely used in practice, although it is criticized for being 

time-consuming for mass appraisal and also subjective and inconsistent. The GIS-based 

approach using viewshed analysis is becoming popular with the development of 

computer technology. Its limitations include: (1) that the absence of a detailed elevation 

model with obstacles such as buildings and trees, and the insufficient accuracy of 

locating viewpoints lead to the incredibility of the resulting viewsheds; (2) insufficient 

consideration of the depth of view and visual quality. This quantification still cannot 

simulate human perceptions. Therefore, a more scientific quantification method of visual 

quality of landscape elements based on a low-cost realistic 3D city model with sufficient 

detail is needed. 
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Chapter 3 Literature Review: Landscape Visual Quality 

Assessment 

3.1 Introduction 

This chapter reviews recent research related to landscape visual quality assessment, with 

special attention to issues in an urban context. Existing landscape preference assessment 

theories and methods, and related limitations are summarized and discussed. 

3.2 Definitions 

It is essential to explain what “landscape” and “landscape visual quality” refer to for the 

purpose of assessing landscape visual quality. Hull and Revell (1989) defined landscape 

as the outdoor natural and built environment, which can be directly perceived by humans. 

Council of Europe (2000) defines landscape as “an area, as perceived by people, whose 

character is the result of the action and interaction of natural and/or human factors”. 

According to Acar (2003), landscape refers to “a piece of an area which is composed of 

natural and cultural environments within a certain view frame”. These definitions clearly 

emphasize the visual characteristics of landscape that can be visually identified, 

including natural and built features. Non-visual functions and values such as cultural and 

biological are not included (Amir & Gidalizon, 1990; Daniel & Vining, 1983). 

Landscape visual quality is a product of visible landscape features interacted with the 

observer, as a result of a visual perception process. Landscape visual quality can be 

defined as the relative beauty of a landscape (Daniel, 2001), generated by an interaction 

between landscape pattern and the perceptions of observers (Ode, Tveit, & Fry, 2008) 
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and measured by the appreciation of the observer (Daniel, 2001; Lothian, 2000). This 

definition is consistent with the definition of scenic view in property valuation. While 

the perceptions of observers may vary in meaning from person to person depending on 

their age, social status, employment, cultural tradition, etc., it is believed that large 

groups of people share similar perceptions due to their common cultural background and 

experiences (Palmer & Hoffman, 2001). 

3.3 Theories of Landscape Preferences 

Several theories can be found in the field of landscape perceptions and preferences 

research, which can be divided into two categories: cultural preference theories and 

evolutionary theories (M. Tveit, Ode, & Fry, 2006). 

3.3.1 Cultural Preference Theories 

Cultural preference theories explain landscape preferences as shaped by cultural 

background and individual characteristics. The most cited cultural preference theories 

are the topophilia theory and the ecological aesthetic theory. The topophilia theory 

explains the individual characteristics such as age, gender, academic background, 

familiarity and experience as important drivers of landscape preferences (Tuan, 1974). 

The ecological aesthetic theory states that knowledge about the ecological functions of 

a landscape will also affect preference, which indicates knowledge is an important factor 

of landscape preferences (Carlson, 2009; Gobster, 1999; Nassauer, 1995). 
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3.3.2 Evolutionary Theories 

Evolutionary theories interpret landscape preferences as a result of human evolution 

history, assuming that humans prefer an environment where they are likely to survive. 

In other words, landscape preferences reflect landscape qualities satisfying human needs 

to survive (Appleton, 1975; M. Tveit et al., 2006). In general, four theories related to the 

evolutionary idea can be found, including the biophilia theory (Wilson, 1984), the habitat 

theory (Orians, 1980), the prospect-refuge theory (Appleton, 1975), and the information 

processing theory (Kaplan & Kaplan, 1989). Among these theories, the prospect-refuge 

theory and the information processing theory are the most widely cited ones (M. Tveit 

et al., 2006). 

The biophilia theory, which argues that human have motivations to seek contact with 

other species and landscapes, relates species diversity and landscape types with optimal 

human functioning, while the habitat theory interprets human environmental preferences 

as the results of searching for a suitable habitat.  

The prospect-refuge theory (Appleton, 1975) states that environments providing both 

prospect (such as hills and mountains) and refuge (such as caves) are preferred, since 

humans, as hunters and prey, are attracted to environmental settings where they can see 

without being seen. In urban contexts, factors derived from the prospect-refuge theory 

such as complexity, depth of view, and the degree to which people feel safe from crime 

have been investigated (Dosen & Ostwald, 2013).  

The information processing theory seeks its foundation for the information needed by 

humans about food, water, shelter, and protection. Kaplan and Kaplan (1989) claimed 

that landscape preference could be predicted by the content (such as water and vegetation) 



 

33 

 

and spatial configuration of landscape features. Emphasizing the insufficiency of only 

considering the landscape contents, they contended that spatial configuration of 

landscape features is also critically important. Spatial information of landscape elements 

includes coherence1, complexity2, legibility3, and mystery4. Karjalainen (2006) added 

that other spatial factors affecting landscape preference such as visual access and a sense 

of depth should also be considered. 

Evolutionary theories strongly support the existence of a common set of landscape 

features shaping landscape preferences for all humans, since humans share similar 

biological needs. These theories assume that humans respond to landscape in the same 

way. Although recent theoretical approaches accept a combination of the two types of 

theories (Bell, 1999; S.C. Bourassa, 1991), a very high degree of universality in 

landscape preferences has been found by empirical studies (Bell, 1999; Kaplan & Kaplan, 

1989), although evolutionary-based preferences may be further shaped by cultural and 

social influences. It is also pertinent that before valuation of residential properties, 

market segmentation is conducted based on the similarity of characteristics of properties. 

For example, in Hong Kong in 2013, 36 residential sub-markets were segmented 

according to a report from the Rating and Valuation Department. This further supports 

the rationality of selecting evolutionary theories as the theoretical foundation of this 

study when assessing landscape visual quality. 

                                                        
1 Coherence describes how well the landscape elements fit together (Kaplan & Kaplan, 1989). 

2 Complexity presents the visual richness of elements in the scene (Kaplan & Kaplan, 1989). 

3 Legibility describes how easily the environment can be understood. 

4 Mystery presents the potential of a scene to offer new information. 
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3.4 Methods of Assessing Landscape Visual Quality 

Mathematical relationships have been sought between the characteristics of a landscape 

(such as openness, complexity and coherence) and the subjective perception of that 

landscape (Daniel & Vining, 1983; Kaplan & Kaplan, 1989). Several common methods 

are used to study visual landscape quality, including the objectivist approach and the 

subjectivist approach (Daniel, 2001). The distinction of the nature of aesthetics whether 

beauty is “in the object” or “in the eye of the viewer” (Meinig, 1976). The objectivist 

approach argues that visual quality is inherent to the landscape, while the subjectivist 

considers it as a construct of the observer. Compared with studies on natural environment 

preferences, there has been little research on urban environment preferences, which is 

probably due to the highly complex structure of urban areas. 

3.4.1 Objectivist Approach 

The objectivist approach to studying landscape visual quality, which includes the 

ecological model and the formal aesthetic one, is that visual quality is inherent to the 

landscape. This approach assumes that an expert's professional knowledge is more 

reliable for interpreting a landscape's inherent attributes. The formal aesthetic model 

interprets the abstract features of the landscape, such as lines and colors, from which 

experts translate the content of the landscape, e.g. mountains and trees, as the drivers of 

the aesthetic value of the landscape (Daniel, 2001). Different from the aesthetic model, 

the ecological model translates the landscape characteristics into different ecological 

features such as species of plants and animals, ecological zones, and ecological processes 

(Daniel & Vining, 1983). The subjectivist approach has been criticized for poor 
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reliability and validity, for lack of theoretical foundations, for being subjective, and for 

non-replicable. 

3.4.2 Subjectivist Approach 

The subjectivist approach considers landscape visual quality as a construct of humans. 

Within this subjectivist approach, distinctions can be found between the psychophysical 

model, the psychological model and the phenomenological model.  

The psychophysical model regards certain landscape physical features such as water, 

mountains, and sky as the universal drivers of landscape references. Participants are 

invited to rank the landscape based on photographs. However, this model has been 

criticized for its lack of theoretical support (Real, Arce, & Sabucedo, 2000). The 

psychological model, different from the physical factors set by the psychophysical model, 

proposes the perceived landscape characteristics affecting landscape preferences from 

the interpretation of the landscape such as openness, complexity, and coherence (Kaplan 

& Kaplan, 1989). This model has its foundation in the evolutionary theories. Guided by 

the cultural preference theories, the phenomenological model focuses on participants’ 

experiences, personal feelings, and expectation of the landscape through detailed 

interviews (Daniel & Vining, 1983). This method is criticized for overemphasizing 

personal factors and for being too sensitive to be useful.  

Among this subjectivist approach, the psychological model is regarded as the most 

appropriate one. However, this model has been criticized for its insufficient 

consideration of spatial configuration such as visual access and a sense of depth (Daniel, 

2001). In order to overcome this shortcoming, a more general and comprehensive 

framework of landscape visual quality in rural contexts was proposed by Tviet et al. 

(2006) and Ode et al. (2008). Following the “structure-function-value” chain, they 
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identified nine key visual landscape aspects as key drivers: naturalness, stewardship, 

disturbance, historicity, visual scale, imageability, ephemera, coherence, and complexity 

(see Table 3.1). This framework links visual indicators to theories of landscape 

perception and preference and presents a comprehensive approach to assessing visual 

landscapes. 

However, this framework has been developed mainly in natural and rural settings where 

natural landscape elements such as vegetation, water and other natural features account 

for a significant proportion, with limited consideration given to built features such as 

buildings and roads that are inevitable components of urban scenes. Caution is required 

if applying this framework in urban settings (Ode et al., 2008). 

The framework only describes the visual quality of features that are attached to the land, 

while the impact of the sky is usually overlooked. Previous studies have often treated 

the sky as a backdrop (Lothian, 2000), whereas it has been found to be an important 

factor affecting the preferred scene viewed through windows (Hellinga & Bruin-Hordijk, 

2008). The access to the sky provides the potential of capturing surrounding 

environmental changes such as seasonal changes and weather, and is closely related to 

spatial openness, which is one of the main parameters affecting observers’ perceptions 

in a built environment (Fisher-Gewirtzman & Wagner, 2003). A view dominated by the 

sky is found to be more satisfying than a view without such a feature (Lottrup, Grahn, 

& Stigsdotter, 2013). 

Furthermore, depth of view is found to be more important than content in determining 

visual preference in some landscapes (Bishop et al., 2000). Impacts of foreground, 

middle ground, and background have been distinguished as important components of 

view. However, this VisuLands framework, which is usually implemented by parameters 
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calculated by conventional standard viewshed analysis, fails to take this factor into 

account. 
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Table 3.1 Overview of VisuLands Framework (Ode et al., 2008) 

Factor Definition Landscape attributes Potential indicators 

Naturalness Closeness to a preconceived natural state. 

Natural features; structural integrity of 

vegetation; vegetation/land-cover type; 

water; management; patch shape; edge 

shape. 

Fractal dimension; vegetation intactness; percentage area 

with permanent vegetation cover; presence of water; 

percentage area water; presence of natural feature; lack of 

management; management intensity; naturalism index; 

degree of wilderness.  

Stewardship 

The presence of a sense of order and human care 

through active management, which contributes 

to a perceived accordance to an ideal situation. 

Signs of use/non-use; vegetation; 

buildings; linear features management 

details; drainage; waste. 

Percentage of abandoned/construction land; presence of 

waster; presence of weed. 

Coherence 

A reflection of the unity of a scene, where 

coherence may be enhanced through repeating 

patterns of color and texture and also the 

reflection of the correspondence with natural 

conditions and surroundings. 

Land use; water; pattern. 

Percentage of land use in correspondence with natural 

conditions; water presence and its spatial location; repeating 

colors and patterns. 

Disturbance 
A lack of contextual fit and coherence, where 

elements deviate from the context. 

Extraction; natural disturbance (e.g. fire 

and windfall); constructions (e.g. 

motorway, infrastructure, urban elements 

and temporary constructions). 

Number of disturbing elements; percentage area impacted by 

disturbance, visibility of disturbing elements. 

Visual scale 
The perceptual units that reflect the experience 

of landscape rooms, visibility and openness. 

Topography; vegetation; man made 

obstacle. 

Viewshed size; viewshed form; depth of view; degree of 

openness; grain size; number of obstructing objects. 
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Complexity 

The diversity and richness of landscape 

elements and features, their interspersion and 

the grain size of the landscape. 

Linear features; point features; land 

cover; land form. Perimeter-area ratio (Mcgarigal Marks, 1995) 

Historicity 

Reflects the visual presence of time layers and 

the amount, condition and diversity of cultural 

elements. 

Visible time layers; cultural elements; 

traditional agricultural structures 

Presence of cultural elements; shape and type of linear 

historical elements; age of historical elements; number of 

time layers; percentage area of historic continuity; presence 

of traditional land use and pattern. 

Imageability 
The quality of a landscape present in totality or 

through elements. 

Spectacular elements; panorama; 

landmarks; water; iconic elements. 

Viewpoints; presence of spectacular, unique or iconic 

elements and landmarks; presence of historic elements and 

patterns; presence of water bodies and moving water. 

Ephemera 
The presence of elements and land-cover types 

changing with season and weather. 

Land cover/vegetation; animals; land 

use; water; weather. 

Percentage of land cover with seasonal change; presence of 

animals; presence of cyclical framing activities; percentage 

area water; projected and reflected images; presence of 

weather characteristics. 
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3.5 Summary of the Chapter 

This chapter reviewed definitions and theories related to landscape visual quality. 

Methods of assessing landscape visual quality and their limitations were summarized 

and discussed. The focus of concern is on the VisuLands framework as the most widely 

used approach to assess landscape visual quality. This framework is criticized for being 

developed mainly in rural settings and for overlooking the impact of sky and depth of 

view. A more comprehensive framework is needed for assessment of urban landscape 

visual quality. 
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Chapter 4 Research Design and Methodology 

4.1 Introduction 

This chapter presents the study's research framework, design, scientific methodologies 

and analysis techniques. It also discusses the qualitative and quantitative research 

methodologies that were adopted to achieve the research objectives and provides details 

of the research methods and analytical tools used. 

4.2 Research Framework 

Table 4.1 provides details of the methods and data analytical tools used to achieve the 

research objectives. Various methods are used in this study, including a literature review, 

a field study to collect data for 3D city modeling, a questionnaire survey, and data 

analysis. 

Table 4.1 Research Objectives for Research Methods  

Research objectives Analysis methods Analytical tools 

(1) Generate a 3D city model with 

sufficient details to meet the 

requirement of residential property 

valuation. 

1. Document analysis 

2. Case study 

1. Literature review 

2. UAV Photogrammetric Modeling 

3. Procedural Modeling 

4. Accuracy Assessment 

(2) Develop an extended framework 

to support the assessment of urban 

landscape visual quality. 

1. Document analysis 

2. Questionnaire survey 

3. Data analysis 

1. Literature review 

2. Statistical analysis 

3. Fuzzy viewshed analysis 

4. Elastic Net Analysis 

(3) Propose a 3D GIS-based 

valuation system for assessing 

scenic view in residential property 

valuations 

1. Document analysis 1. Literature review 
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(4) Compare the performance of the 

proposed 3D GIS-based valuation 

system with the ones of the 

conventional dummy approach and 

the visibility approach. 

1. Document analysis 

2. Case study 

3. Data analysis 

1. Literature review 

2. Hedonic regression  

3. Comparative analysis 

4.3 Research Methods 

4.3.1 Document Analysis 

Document analysis is designed to resolve research problems and questions by 

investigating recorded information and published documents; it is the major qualitative 

method for in-depth content analysis and reviewing existing data. In general, 

documentation analysis can be categorized as either content analysis or existing data 

analysis. Content analysis systematically reviews references from a theoretical 

perspective (Dane, 1990); in this study, the literature review is the major form of such 

analysis. Literature review is a method used to systematically understand existing 

knowledge, findings, theoretical contributions, and practical applications in a certain 

research field based on secondary sources (Verd, 2004). The target documents for review 

include academic publications and other paper-based or web-based resources (Rowley 

& Slack, 2004). In this research, a comprehensive literature review of measuring view 

for real estate valuation and landscape visual quality assessment was conducted. 

Research gaps and limitations were identified and summarized to establish the research 

objectives, which served as a foundation for the subsequent analyses. 
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4.3.2 Questionnaire Survey 

An online questionnaire survey is defined as a questionnaire, usually in web format, 

which is completed by a target audience over the Internet (Techopedia Dictionary). With 

the development of the web and e-mail, the Internet has opened up new vistas in 

surveying (Fricker & Schonlau, 2002). The study included an online questionnaire 

survey to investigate the urban landscape preferences. Participants were invited to score 

a series of digital color photographs that represented the urban landscape elements and 

their spatial configuration. 

4.3.3 Case Study 

A case study is defined as “an empirical inquiry that investigates a contemporary 

phenomenon within its real-life context; when the boundaries between phenomenon and 

context are not clearly evident; and in which multiple sources of evidence are used” (Yin, 

1984:23). It enables researchers to closely examine the data within a small geographical 

area or a limited number of individuals. As an alternative to quantitative or qualitative 

research, case studies serve as a practical solution when a big population is difficult to 

obtain. In this study, a case study was conducted to develop a 3D city model, assess the 

urban landscape visual quality based on the proposed framework, and compare the 

performance of the 3D-based “visual quality” approach with the conventional dummy 

and visibility approaches. 
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4.4 Analytical Tools 

4.4.1 UAV Photogrammetric Modeling 

3D city models are digital models of a city which contain various objects such as 

buildings, trees, vegetation, and other manmade features (Singh, Jain, & Mandla, 2013). 

They have been generated and applied for various purposes such as estimating the solar 

irradiation and energy demand, geo-visualization, urban planning, facility management, 

and emergency management (Biljecki, Stoter, Ledoux, Zlatanova, & Çöltekin, 2015). 

3D modeling of an object can be defined as the complete process starting from data 

acquisition and ending with a 3D model (Remondino & El-Hakim, 2006). According to 

the classification of data input, the following three main approaches are employed to 

generate 3D city models: the photogrammetric modeling approach, the light range 

detection (LiDAR) approach, and the procedural modeling approach. 

The LiDAR approach measures distance by illuminating a target with a laser and 

analyzing the reflected light. However, this approach is criticized for gathering limited 

data, such as no color, and being of high cost. According to Wolf and Dewitt (2000),Wolf 

(2000), and Al-Hanbali et al. (2006), 3D modeling using digital photogrammetric 

techniques is the most suitable, reliable and efficient technology to build 3D models with 

the highest precision for large areas. The photogrammetric modeling approach conducts 

3D modeling of objects by using analog or digital imageries (Remondino, Guarnieri, & 

Vettore, 2005). Compared with the LiDAR approach, the photogrammetric approach 

provides a portable and cost-effective alternative for 3D city modeling. The 

photogrammetric approach has three types of input data: aerial imageries, satellite 
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imageries, and terrestrial imageries (Singh et al., 2013). Among them, aerial photos are 

regarded as the most common input since satellite imageries are expensive and periodic, 

and terrestrial imageries lack sufficient information, such as building roofs. 

Unmanned aerial vehicles (UAVs), as an important system to capture imageries for 

photogrammetric modeling purposes, are a valuable source of data for inspection, 

surveillance, mapping, and 3D modeling issues (Remondino, Barazzetti, Nex, Scaioni, 

& Sarazzi, 2011). Compared with conventional aerial photogrammetry from helicopters, 

UAVs are cost-effective systems which allow getting closer to the object without risk 

and provide access to cover the same areas with a similar resolution (Buill, Núñez-

Andrés, Lantada, & Prades, 2016). It not only allows for new applications in the close 

range domain, combining aerial and terrestrial photogrammetry, but also introduces low-

cost alternatives to the classical manned aerial photogrammetry. In light of the foregoing, 

this study adopted the UAV photogrammetric modeling approach to capture imageries 

and generate a 3D city model (exterior) with sufficient details for real estate valuation 

purposes. 

4.4.2 Procedural Modeling 

Creating 3D city models for real estate appraisal purposes requires interior structures of 

buildings to construct and restore records and related information for each property unit. 

However, 3D modeling technologies such as the photogrammetric modeling approach 

and the LiDAR approach can only describe the exterior information of buildings. 

Furthermore, manually modeling large 3D environments such as cities is a rather 

expensive and time-consuming process that can cost many man-years of labour (Müller, 
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Wonka, Haegler, Ulmer, & Van Gool, 2006). A solution to such a problem is procedural 

modeling, which uses shape grammars and is capable of efficiently creating large cities. 

Procedural modeling is an umbrella term for a number of techniques in computer 

graphics used to create 3D models from rules instead of constructing them from 

geometric primitives such as cubes and spheres. It consists of a base geometry such as 

building footprints, basic building information such as building heights, and procedural 

rules. Procedural modeling focuses on the rule-based generation of semantic 3D content, 

rather than the cumbersome and complex manual editing. The advantages of procedural 

modeling include automatic generation, high flexibility for variation, object hierarchy, 

scalable geometric representation and data handling of large models (Dore & Murphy, 

2013). Procedural modeling is an applicable and very effective method in cases where 

the generation of 3D models by mainstream techniques is uneconomical in terms of 

human labor, resources and time. It can be further used for the 3D modeling of a 

building’s interior features. 

CityGML is one typical example that uses Geographic Markup (GML), a grammar to 

express geographic features, to represent the shape and graphical appearance of 3D 

buildings and address the object semantics and the thematic properties, taxonomies and 

aggregations. Another example of procedural modeling is Computer Generated 

Animation (CGA) shape grammar, which can produce building shells with high visual 

quality and geometric detail. Complex 3D structures are automatically created based on 

rules applied to 2D GIS data, annotated by additional information about their 3D position, 

extensions and appearances. CGA rules split a 3D object into their components such as 

faces, edges and roofs (Edvardsson, 2013). It is a powerful method to efficiently create 
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3D building models, which can offer a lightweight semantically meaningful 

representation instead of huge mesh files. 

Currently Esri CityEngine, commercial software, one of the most sophisticated 

procedural modeling tools developed by Esri Cooperative (Watson et al., 2008), uses this 

CGA shape grammar to perfectly support the establishment of 3D city models with high 

precision and detail. The advantage of CityEngine is the capability of making the most 

of existing 2D GIS data to generate 3D city models. However, this approach is not 

suitable for generating 3D exterior building models in reality, since textures of buildings 

in reality are not unified and too difficult to construct one by one. Nevertheless, its ability 

of making the most of existing 2D GIS data can offer help to generate 3D interior 

building models that do not require building texture information. Therefore, this study 

employed the procedural modeling approach to generate 3D interior building models for 

real estate valuation purposes. 

4.4.3 Accuracy Assessment 

Although the procedural modeling approach depending on existing 2D GIS data was 

relatively reliable, inaccuracy occurred in this study mainly because of the UAV 

modeling approach whose GPS signal might have produced bias. It was therefore 

necessary to conduct an accuracy assessment before conducting further analysis based 

on the generated 3D models. 

Accuracy is defined as a measure of the consistency of test data and reference data 

precisely representing reality (Schineider, 2004). Hence, appropriate reference data are 

required when conducting an accuracy assessment. In this study, two kinds of data sets 

were used for the accuracy assessment, including the digital surface model (DSM) 
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generated by the UAV modeling approach in terms of the vertical accuracy, and the 

building footprints produced by the orthographic view concerning the horizontal 

accuracy. 

The vertical accuracy of the DSM model is determined by the height differences between 

height values of reference data and the selected test data. Root mean square error (RMSE) 

is employed to analyze the height accuracy (Czegka, Braune, & Behrends, 2005; 

Longley, 2005). 

"##$#% = '∑ (*+,-,+,./,0 − *2,320)
5.

678 9⁄           (1) 

The horizontal accuracy of the model is determined by the difference between the 

represented position and the true position (Goodchild & Hunter, 1997). The consistency 

of the reference points and the selected test points in terms of horizontal accuracy can 

be determined by calculating the radius of a mean error circle (Cialek et al., 1999). 

"##$#;,= = '∑ [(?+,-,+,./,0 − ?2,320)
5.

678 + (A+,-,+,./,0 − A2,320)
5] 9⁄      (2) 

?+,-,+,./,0, A+,-,+,./,0 and *+,-,+,./,0 are the XYZ-coordinates of the i-th reference 

point, while ?2,320 , A+,-,+,./,0  and *+,-,+,./,0  are the XYZ-coordinates of the i-th 

test point. 

4.4.4 Fuzzy Viewshed Analysis 

A viewshed refers to the measure of the extent to which an intervention may be seen 

from the surrounding area from selected viewpoints. Standard viewshed analysis 

implemented is the binary viewshed analysis: a location determined to be visible is 

recorded as 1, while a location determined to be invisible is recorded as 0. Results of 

standard viewshed analysis, which is usually a common function of most GIS software, 
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only describe “whether” and “how much” an object or area of the land, like water bodies 

and green space, is visible (N Sang et al., 2016).  

However, human visual perception is non-binary and visibility is actually more a 

question of “degree” than “whether”. The depth of view, defined as the distance between 

a perceived landscape and the observer, mostly concerns the visual significance of a 

perceived landscape, which describes how influential a visible landscape is to the 

observer’s perception (Bishop et al., 2000; Nutsford, Reitsma, Pearson, & Kingham, 

2015). Close landscapes are likely to be perceived more significantly than distant ones 

(Bishop & Miller, 2007; Fisher, 1992; Nutsford et al., 2015). To overcome such a 

limitation, fuzzy viewshed analysis proposed by Fisher (1992) introduces a distance 

decay function into the standard viewshed analysis. 

In fuzzy viewshed analysis, membership represents the level of clarity of an object, 

which ranges from 0 (totally invisible) to 1 (clearly visible). A distance decay function 

is introduced based on the distance between the perceived landscape and observer to 

generate fuzzy membership values. The membership function utilized by Fisher (1992) 

is as follows: 

C- =
8

8D5(
EFGH
GI

)I
	K$#	L > N8                           (1) 

This formula is derived from an equation, which was presented in Kabdel’s monograph 

on fuzzy math techniques. N8  refers to the distance of clear visibility. Fuzzy 

membership value O- equals 1 if the distance between the perceived landscape and the 

observer is less than or equal to N8. L is the Euclidean distance, and N5 is the critical 

distance for an object to be recognized by human eyes. N5 is defined as Equation (2) 

shows: 
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ℎ is defined as the size of an object (height or width), and W is the recognition acuity of 

human eyes.  

Fuzzy viewshed analysis is extended to deal with various visual conditions. These 

conditions include environmental factors affecting visibility, such as atmospheric 

conditions, physical properties of the perceived object, such as size, color and texture, 

and constraints imposed by the observer, such as individual characteristics (Ogburn, 

2006). In the current study, fuzzy viewshed analysis was mainly used to deal with visual 

significant issues related to depth of view, considering that: (1) effects of atmospheric 

conditions on a view of a property should be excluded in real property valuation practice; 

(2) physical properties of the perceived object have already been included in the 

proposed framework of assessing landscape visual quality; and (3) individual 

characteristics should be excluded since the main purpose of this study was to explore 

the commonalities across individuals. 

4.4.5 Elastic Net 

When the correlation between predictors is moderate or high, Ordinary Least Squares 

(OLS) regression, as the most common method, may perform poorly and result in high 

variability in estimating the regression coefficients due to the presence of collinearity. 

Under such a circumstance, the principle “regularization” approaches to overcoming this 

limitation include: Ridge regression (Hoerl and Hennard, 1988), Least Absolute 

Shrinkage and Selection Operator (LASSO) (Tibshirani, 1996), and Elastic Net (Zou & 

Hastie, 2005). Ridge regression reduces this variability by shrinking the coefficients 

towards zero but never exactly zero, achieving higher prediction accuracy with the cost 
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of only a small increase of bias. However, Ridge regression fails to produce interpretable 

models since its coefficients are never shrunk to zero. To overcome this limitation, 

LASSO was proposed by Tibshirani (1996) to reduce the variability of the estimates by 

shrinking the coefficients as well as producing interpretable models by shrinking some 

coefficients to zero. Theoretical evidence supports the superiority of LASSO over ridge 

regression. However, LASSO still has some limitations such as having a limited feature 

for variable selection method in the case of X > 9, making it an inappropriate variable 

selection method in some situations. Zou and Hastie (2005) proposed the Elastic Net to 

overcome the limitations of LASSO. The Elastic Net not only combines shrinkage and 

variable selection, but also encourages grouping of variables. According to Zou and 

Hastie (2005), the Elastic Net will improve the LASSO in the situations where Ridge 

regression improves OLS. 

The loss function of the Elastic Net performs the same function of the OLS loss function. 

The Elastic Net combines the constraints of Ridge regression and the LASSO: 

Y,Z[326/(W8, W5, W\ …W^) = _` −aWbcb
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In Equation (3), l stands for the number of observations; m the number of predictors 

with Wb as corresponding coefficient; h5 the Ridge tuning parameter; h8 the LASSO 

tuning parameter; and ‖∙‖5 represents the squared Euclidean form. This constrained 

loss function can also be rewritten as follows: 
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+s8 ∑ etu9(q
b78 Wb)Wb               (4) 

In Equation (4), s5 represents the Ridge tuning parameter that penalizes the sum of the 

squared regression coefficients, and s8 represents the LASSO tuning parameter which 

penalizes the sum of the absolute values of the regression coefficients. Then the Elastic 

Net estimator vw is the minimizer of Equation (4): 

vw = arg{t9{Y(s1, s2,v}                 (5) 

In light of these above, this study adopted the Elastic Net to estimate the relationship 

between landscape physical attributes and human landscape preferences to further 

predict the human landscape preference based on the estimated model, considering that: 

(1) landscape preference predictors based on the proposed framework are highly or 

median related according to their definitions; (2) the Elastic Net is theoretically superior 

to the LASSO and the Ridge regression; (3) there are too many landscape preference 

predictors compared with the simple size. 

4.4.6 Hedonic Analysis 

Real estate mass appraisal methods such as the cost approach, the income approach, and 

the multiple regression approach (hedonic analysis), attempt to model the market by 

identifying supply and demand factors (IAAO, 2014). Among these methods, multiple 

regression analysis is the most common calibration tool. This approach identifies factors 

affecting property value on the foundation of the hedonic pricing method. The hedonic 

pricing method, as a revealed preference method, assumes that people purchase goods 

on account of the benefits provided by their inherent attributes (Freeman, 1979; Jim & 

Chen, 2009). According to IAAO (2014), for residential property, the inherent attributes 

include physical attributes (such as living area, construction quality, and building age), 
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locational attributes (such as zone, distance to public transportation, and distance to the 

central business district), and environmental attributes (such as water frontage, view 

quality, and noise). All of these attributes are critical for accurate valuation (Baranzini 

& Schaerer, 2011; Jim & Chen, 2009). As for the mathematical form of the valuation 

model, linear and nonlinear such as semi-log and double-log forms are usually used 

(IAAO, 2014). 

4.5 Summary of the Chapter 

This chapter first introduced the research methodologies and illustrated the overall 

research framework. Detailed research methods were discussed separately, including 

document analysis, Internet survey, and case study. The analytical tools used in this study 

included UAV photogrammetric modeling approach, procedural modeling approach, 

fuzzy viewshed analysis, the Elastic Net, and hedonic analysis. These research methods 

and analytical tools were used in conjunction with one another to accomplish the 

research objectives. 
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Chapter 5  3D City Modeling for Residential Property 

Valuation Purposes 

5.1 Introduction 

This chapter proposes an integrated 3D modeling approach that combines the UAV 

photogrammetric modeling with the procedural modeling to meet the LoD requirement 

for real estate valuation purposes. The LoD requirement is first introduced and then an 

integrated 3D modeling approach is proposed to meet the requirement. The chapter 

concludes with a description of the case study conducted to validate the proposed 3D 

approach. 

5.2 Level of Details 

3D city models are defined as digital representations of the real world (Stadler & Kolbe, 

2007). The level of detail (LoD), as an important concept in the field of 3D city modeling, 

defines the abstraction degree of reality. Several well-known industry standards on LoD 

can be found, which include the CityGML standard (Open Geospatial Consortium 

Standard, 2012), the BLOM standard (Blom ASA, 2011), and the NAVTEQ standard 

(NAVTEQ, 2011). 

The BLOM standard has four LoD, ranging from BlomLoD1 (block models without any 

information on roofs or structures) to BlomLoD4 (photo-realistic texture models) (see 

Figure 5.1). LoD1 refers to the simplest 3D building models, which are represented by 

parallelogram blocks. LoD2 adds information like roofs and structures to LoD1. LoD3 

adds library textures to LoD2. which is an approximation of reality based on the color 
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and configuration of the real textures. LoD4 is photo-realistic texture models, which are 

extracted from BLOM oblique images. 

 

Figure 5.1 LoDs of BLOM Standard 

Different from the BLOM standard (Blom ASA, 2011) which only defines four LoD, the 

CityGML standard defines five LoD, namely LoD0, LoD1, LoD2, LoD3 and LoD4, 

according to Open Geospatial Consortium (2012) (see Figure 5.2). LoD0 is defined as a 

2.5D digital terrain model over which an aerial image or a map may be draped. Buildings 

in LoD1 are represented by their footprints or roof edge polygons, while LoD0 is used 

for regional and landscape applications. In LoD1, which is defined as the well-known 

blocks model, prismatic buildings have flat roof structures. This level is for city and 

region coverage. In LoD2, which is defined as the building model, buildings have 

generalized features with differentiated roof types and boundary surfaces. This level is 

used for city districts and projects. In LoD3, which donates architectural models, 

(a) BlomLoD1 (b) BlomLoD2 

(c) BlomLoD3 (d) BlomLoD4 



 

56 

 

representative exterior walls and roof structures including doors and windows are added 

to buildings; it is mainly used for landmarks. In LoD4, interior structures for buildings 

such as interior walls, rooms, and furniture are added to a LoD3 model. 

 

Figure 5.2 LoDs of CityGML (Standard Open Geospatial Consortium, 2012) 

While the need for 3D city data is immense worldwide, the requirements of LoD on 3D 

city models vary between different domains (Döllner, 2009). In the context of real estate 

mass appraisal, sufficient photorealistic texture information such as the location of 

windows and balconies is required because they significantly affect the accuracy of the 

viewshed analysis. Furthermore, internal information of buildings such as interior walls 

is also needed to indicate the exact location of each property unit and to also facilitate 

data management for a large sample size. Therefore, the Open Geospatial Consortium 

Standard CityGML is used for 3D city modeling in this study. LoD4, which completes a 

LoD3 model by including interior walls for buildings, is required when modeling for 

real estate mass appraisal purposes (see Table 5.1). 

Table 5.1 Description of Five LoDs of CityGML Standard 

� LOD 0 LOD 1 LOD 2 LOD 3 LOD 4 

Class of accuracy lowest low middle high very high 

Absolute 3D point 

accuracy 

Lower than 

LOD1 
5/5 m 2/2 m 0.5/0.5 m 0.2/0.2 m 
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Generalization 

Maximal 

generation 

(classification 

of land use) 

Object 

blocks as 

generalized 

features 

Object as 

generalized 

features 

Object as real 

features 

Constructive 

elements and 

opening are 

presented 

Building installations - - - 
Representative 

exterior effects 
Real object form 

Roof form No Flat 

Roof type 

and 

orientation 

Real object form Real object form 

City furniture - 
Important 

objects 
Prototype Real object form Real object form 

5.3 Method of Generating a 3D City Model 

The current techniques of 3D City Modeling include photogrammetry based methods 

(aerial photogrammetry based models, satellite photogrammetry based models, closed 

range photogrammetry based models) and laser scanning based methods (aerial laser 

based models and terrestrial laser based models). The limitation of satellite photos is the 

long periodic updating problem and low resolution, while that of LiDAR data is the high 

cost and the lack of texture information (Xie et al., 2013). The aforementioned 

information is quite crucial to real estate appraisal, which commands regular updating 

and detailed information about buildings including textures. 

3D modeling using digital photogrammetric techniques is the most suitable, reliable and 

efficient technology to build 3D models with the highest precision for large areas. 

Unmanned aerial vehicles are a valuable source of data for inspection, surveillance, 

mapping, and 3D modeling issues. Compared with the LiDAR 3D modeling approach, 

the UAV photogrammetry based approach not only includes sufficient texture 

information but also offers a cost-effective, flexible and reliable alternative. However, 
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both of them fail to add the interior features of buildings. Therefore, procedural modeling, 

a labor-effective approach that depends on 2D GIS data and rules to describe spatial 

relationships between geometric objects, is employed to supplement the UAV 

photogrammetric 3D modeling approach. 

In light of the LoD requirement for real estate valuation purposes, this study integrated 

the UAV photogrammetric 3D modeling approach and the procedural modeling 

approach to meet the LoD requirement for real estate mass appraisal valuation purposes 

(see Table 5.2). The integration aimed at optimizing the advantages of the two techniques 

for modeling 3D city models with high visual quality and improved accuracy of spatial 

data for further analysis. 

Table 5.2 Integration of UAV Photogrammetric Modeling Approach and Procedural Modeling 

Approach 

 LoD0 LoD1 LoD2 LoD3 LoD4 

UAV Photogrammetric 

Modeling 
√ √ √ √  

Procedural Modeling √ √   √ 

Integration √ √ √ √ √ 

Figure 5.2 illustrates the proposed integrated approach, which combines the UAV 3D 

modeling approach with the procedural modeling approach. The UAV 3D modeling 

approach starts with flying UAVs, which are combined with their GPS signals to produce 

accurate and geo-referenced imagery. Then dense clouds are built based on the imagery 

to build mesh and photorealistic texture, which results in a 3D exterior buildings model. 

Observation points are accurately set according to the locations of windows and 

balconies based on the proposed 3D exterior buildings model. The procedural modeling 

approach depends on 2D GIS data (building footprint and floor plan) and related rules 
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to generate a 3D interior buildings model with interior walls. The observation points are 

associated with their corresponding property units created by the procedural modeling 

approach to facilitate data management. 

 

Figure 5.2 Integration of UAV Photogrammetric Modeling Approach and Procedural Modeling 

Approach 

5.4 Case Study 

5.4.1 Study Area 

The case study selected for 3D modeling was Heng Fa Chuen, which is located in Chai 

Wan in the Eastern District of Hong Kong Island, Hong Kong SAR (see Figure 5.3). 

This area was reclaimed from Pak Sha Wan and Lei Yue Mun Bay. Surrounded by barren 

hills and vegetation, a housing real estate named Heng Fa Chuen was jointly developed 

by Mass Transit Railway (MTR) Corporation and Heng Fa Chuen Development 

Company Limited in the 1980s. 

UAV 
imagery 

Build dense 
cloud 

Build mesh 
and texture 

Geo-referenced 3D exterior building models with 
texture information 

2D floor 
plan CGA rule 

3D interior building models 
with interior features 

Set observation points based on locations of 
windows/balconies 

Union observation points 
with corresponding flats 



 

60 

 

 

Figure 5.3 Location of the Case Study 

5.4.2 UAV Photogrammetry Modeling 

The data used for generating 3D exterior building models for Heng Fa Chuen and fuzzy 

viewshed analysis were captured by a DJI Phantom 3 Professional. The 3D spatial data 

of built-up regions around the study area are readily available from the Hong Kong 

Lands Department (LandsD), including the general footprint, the overall height of 

buildings, and information on infrastructure and terrain. Four standard tiles, T11-SE-9C, 

T11-SE-9D, T11-SE-14A, and T11-SE-14B were used according to the location of Heng 

Fa Chuen (see Figure 5.4). Figure 5.5 shows an example of existing 3D data covering 

the study area as displayed in ArcGIS. 
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Figure 5.4 Location of Standard 3D Data from Lands Department 

 

Figure 5.5 3D City Model Obtained from Lands Department 

T11-SE-14A T11-SE-14D 

T11-SE-9C T11-SE-9D 
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Table 5.3 describes the existing 3D data owned by the Lands Department. T11-SE-9C 

had 86 buildings of L1, 12 buildings of L2, 1 building of L3, 9 infrastructures of L3, and 

1 DTM; T11-SE-9D had 2 buildings of L1, 2 buildings of L2; T11-SE-14A had 101 

buildings of L1, 40 buildings of L2, 14 infrastructures of L3, and 1 DTM; T11-SE-14B 

had 45 buildings of L1, 29 buildings of L2, and 1 DTM. From Table 5.3 and Figure 5.5, 

it can be concluded that existing 3D data obtained from Lands Department failed to 

describe vegetation and buildings of in a high level of detail. 

Table 5.3 Details of Existing 3D Models from Lands Department 

 
Level of 

detail 
T11-SE-9C T11-SE-9D T11-SE-14A T11-SE-14B 

Buildings 

L1 86 2 101 45 

L2 12 2 40 29 

L3 1 0 0 0 

Infrastructures 

 

L1 0 0 0 0 

L2 0 0 0 0 

L3 9 0 14 0 

Terrain 
DTM 1 0 1 1 

DSM 0 0 0 0 

Therefore, the UAV modeling approach was employed to overcome such a limitation. 

Four steps were taken, including flight planning, photo capture, model generation, and 

georeferencing (see Figure 5.6). 
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Figure 5.6 Method of Conducting UAV Photogrammetric Modeling 

Flight Routine Design 

The UAV flight routines were set to capture sufficient imagery for 3D modeling purposes. 

Flight path planning was conducted by using Altizure, an APP developed by Hong Kong 

University for users’ consideration. Parameters for the flight plan were as follows: (1) 

the flight height was set at 70 meters, considering heights of the surrounding buildings; 

(2) flight speed was set at 6 m/s; (3) the longitudinal and traversal coverage area of each 

photo was set at 80%. 

Photo Capture 

The flight steps taken included preparing the UAV for flight by checking the battery, 

sensors and availability of signal, uploading the task designed in Altizure, checking 

surrounding conditions, and turning on the UAV and switching to the automatic model. 

After completing those tasks, the UAV would automatically return to its lift-off location 
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by pressing the “coming home” button. For 3D modeling purposes, five such flights 

were conducted to collect sufficient data1. 

Model Generation 

Commercial software called AgiSoft PhotoScan was used to generate 3D city models 

based on collected images. After importing all images into a computer, a step-wise 

process began that involved aligning photos, buildings geometry, building point cloud, 

and building texture. A dense point cloud describing the surface of the surveyed scene 

was produced and textured for photo-realistic visualization. An image matching 

algorithm was used to extract dense 3D point clouds with a sufficient resolution to 

describe the DSM. 

The modeling area covered the main residential buildings of Heng Fa Chuen. Around 

500 images were captured considering the height and the camera. Figure 5.7 illustrates 

the generated 3D city model for Heng Fa Chuen, based on which the exact positions of 

windows and balconies and the distribution of vegetation were captured. Finally 3D city 

models describing the surveyed area, including objects such as trees and buildings, were 

generated (see Figure 5.8). 

                                                        
1 In this study, only two flights were conducted with the consideration of the UAV safety.  
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Figure 5.7 Generated 3D City Model for Heng Fa Chuen 

 

Figure 5.8 Views of 3D City Model from Different Angles 

5.4.3 Procedural Modeling 
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Creating 3D models for real estate appraisal purposes requires interior structures of 

buildings to construct and restore records and related information for each property unit. 

Esri CityEngine offers a potential solution. By using CGA shape grammar, procedural 

modeling technology can help to programmatically produce 3D building models with 

geometric details (Müller et al., 2006; Zhang et al., 2014). Procedural modeling is an 

applicable and very effective method in cases where the generation of 3D models by 

mainstream techniques is uneconomical in terms of human labor, resources and time. It 

can be further used for modeling interior features of a building. Figure 5.9 describes the 

whole process of procedural modeling. 

 

Figure 5.9 Method of Conducting Procedural Modeling 

Data Preparation 

To generate 3D interior models of Heng Fa Chuen, two kinds of information were 

required, including the footprints of these residential buildings and their interior layout 

for each floor (see Figure 5.10). The footprints of these buildings were obtained from 

the Lands Department of Hong Kong, and the interior layout for each floor was gained 

from their sales brochure. Figure 5.11 presents the results of combining footprints and 

floor plans from the sales brochure. 
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Figure 5.10 Footprints of Residential Buildings of Heng Fa Chuen (Left) and Example of Floor 

Plan (Right)  

 

Figure 5.11 Screenshot of Results of Combining Buildings’ Footprints and Floor Plans  

Rule Composition 

Based on these 2D data, a CGA rule called interior_building was composed to generate 

3D interior models (see Appendix III). Each floor was identified and extruded based on 

its corresponding floor height measured through generated photogrammetric 3D models 

(see Figure 5.12). The eave height was measured to be 2.5 meters and the floor height 
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was also 2.5 meters. Finally, 21 floors and one eave floor were generated and stacked on 

the top, forming the 3D interior building models. 

 

Figure 5.12 Screenshot of Using CityEngine to Generate Building Models with Interior 

Features 

5.4.4 Integration of Two Models and Locating Viewpoints 

The integration of photogrammetric data and procedural modeling data required a 

common global coordinate system. The easiest approach to achieve such a goal was to 

define the coordinate system based on the 2D GIS data used by the procedural modeling 

approach. A simplified approach to integrating the exterior building models generated 

by the UAV photogrammetric modeling approach and the interior building models 

generated by the procedural modeling approach was adopted as follows: firstly, Altizure 

was used to read the GPS information from captured images to automatically get the 3D 

city model geo-referenced in the real word coordinate system, which was consistent with 
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the one of 2D GIS data; secondly, the geo-referenced 3D exterior building models were 

exported into CityEngine, windows on the first floor were located manually based on 

the generated 3D exterior building models; then the height between adjacent floors was 

measured and set as the input parameter of a computer generated architecture (CGA) 

rule employed by CityEngine to sample the building based on the measured parameters 

of the exterior building models; finally, the aforementioned CGA rule was composed to 

produce observation points based on the previous two steps. Another CGA rule (see 

Appendix IV) to generate a 3D building model with interior features was composed to 

assign these observation points to the corresponding flats and to facilitate data 

management and further 3D spatial analyses. 

 

Figure 5.13 Integration of Photogrammetric Data and Procedural Modeling Data 

Figure 5.13 illustrates the generated 3D city model for Heng Fa Chuen, indicating that 

the integrated approach, which combined the UAV photogrammetric modeling approach 

with the procedural modeling, succeeded in offering a feasible and effective approach to 

generating 3D city models with sufficient details for real estate valuation purposes. 
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5.4.5 Accuracy Assessment 

The advantage of this integrated modeling approach is the purely automatic acquisition 

in terms of visual quality of 3D models and data management. However, the question 

was whether the generated 3D city models were accurate enough. As mentioned before, 

the inaccuracy mainly occurred with the use of the UAV modeling approach, since the 

GPS signal of the UAV may produce bias.  

To evaluate the accuracy of 3D city models based on the UAV modeling approach, 

ground control points were positioned in the study area as the reference points. The 

selection of ground control points should consider two aspects: (1) they should be 

positioned at stable locations distributed over the entire study area; (2) their visibility in 

the generated models should be maximized. Considering these two aspects, 100 ground 

control points were selected to compare their DGPS-based measured positions with the 

ones in the generated 3D models. The spatial distribution of these ground control points 

is presented in Figure 5.13. The X, Y, Z information of each ground control point marker 

was extracted from Google Maps (see Appendix I). 

Table 5.4 presents the descriptive statistics of the east (X), north (Y), and height (Z) 

differences between the 100 selected reference points and their corresponding test points. 

The height accuracy of points had a residual mean square error of around 30 cm. The X, 

Y accuracy of points of building footprints indicated that the horizontal accuracy of the 

generated 3D model was around 27 cm. These figures indicated that the UAV modeling 

approach, as the source of inaccuracy, provided both the horizontal error and the vertical 

error of around 30 cm, which were quite satisfactory considering the purposes of real 

estate valuation. 
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Figure 5.14 Locations of Ground Control Points in the Study Area 

Table 5.4 Descriptive Results of Errors of X, Y, and Z Directions 

 △Easting △Northing △Height 

Mean 0.05155 -0.00835 0.0262 

Standard Error 0.019713 0.018698 0.03057 

Median 0.0465 0.0065 0.014 

Mode -0.128 0.061 0.002 

Standard Deviation 0.197128 0.186984 0.305702 

Sample Variance 0.03886 0.034963 0.093454 

Kurtosis -1.21935 -1.03108 -1.43283 

Skewness 0.038449 0.067177 -0.07106 

Range 0.663 0.68 0.983 

Minimum -0.285 -0.338 -0.494 

Maximum 0.378 0.342 0.489 

Sum 5.155 -0.835 2.62 

Count 100 100 100 

Confidence Level (95%) 0.039114 0.037102 0.060658 
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5.5 Summary of the Chapter 

This chapter proposed the LoD requirement of 3D city modeling for real estate valuation 

and developed an integrated 3D modeling approach to meet such a requirement. By 

combining the UAV photogrammetric modeling approach with the procedural modeling 

approach, the generated 3D city model not only offers the photo-realistic textures of 

buildings but also their interior features, which could facilitate improving the accuracy 

of locating viewpoints and the accuracy of the Digital Surface Model. A case study in 

Hong Kong was conducted to illustrate how the proposed 3D modeling approach 

operates. The results of accuracy assessment further validated the effectiveness of this 

proposed 3D modeling approach. 

The key findings of this Chapter are: (1) integration of the UAV 3D modeling approach 

and the procedural modeling approach succeeded in achieving the LoD requirement of 

3D city modeling for real estate valuation; (2) the integrated 3D modeling approach was 

not only a feasible and effective approach to generate 3D city models for real estate 

valuation purposes but also provided purely automatic acquisition in terms of visual 

quality of 3D models and data management; (3) results of accuracy assessment indicated 

that the UAV 3D modeling approach corresponded well to conventional data, and would 

not produce much bias. 
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Chapter 6 Landscape Visual Quality in Urban Settings: An 

Extended Framework  

6.1 Introduction 

In 2015 about 3.943 billion people around the world were living in metropolitan areas, 

accounting for more than half of the world's population1. This figure is expected to 

increase with the development of economy and urbanization. Landscape is important to 

the quality of people’s life (The European Landscape Convention, 2002). The beauty of 

urban landscapes has the potential to improve the livability of human settlements, and 

enhance property values in the real estate market (Oh & Lee, 2002). A growing trend 

towards high-density urban living increases the significance of natural features within 

the urban fabric (Bishop et al., 2004). Many people display a preference for natural over 

built environments (Hartig & Evans, 1993; Jim & Chen, 2009; Kaplan & Kaplan, 1989). 

They are willing to pay extra for a pleasant view bestowed by natural elements around a 

home (Benson et al., 1998; Rodriguez & Sirmans, 1994). 

Previous studies used dummy variables and viewshed as the proxy variables to describe 

the quality of the property view. However, one’s view means not only what is visible but 

also a broader philosophical and psychological conception (Ervin & Steinitz, 2003). That 

is, human perception of landscape depends on not only the sum total of motivation for 

preference but also a general understanding of the landscape. Therefore, these measures 

are prone to measurement errors (Steven C Bourassa, Hoesli, & Sun, 2004), resulting in 

                                                        
1 Data source: http://data.worldbank.org/indicator/SP.URB.TOTL 
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the inaccuracy of input data. It is more desirable to consider visual quality (Yamagata et 

al., 2016). 

Landscape visual quality, as an important concept in landscape management and 

architecture, can be defined as the relative beauty of a landscape (Daniel, 2001), 

generated by an interaction between landscape pattern and the perceptions of observers 

(Ode, Tveit, & Fry, 2008) and measured by the appreciation of the observer (Daniel, 

2001; Lothian, 2000). This definition is consistent with the definition of scenic view in 

property valuation. 

This chapter introduces the concept of landscape visual quality and presents an extended 

framework to support landscape visual quality assessment in urban contexts for real 

estate valuation purposes. This framework is mainly based on the VisuLands framework 

proposed by M. Tveit et al. (2006) and revised by considering determinants of urban 

landscape visual quality. A public preference survey is conducted to estimate the 

prediction model and validate the whole framework. 

6.2 Method of Extending the VisuLands Framework 

Landscape visual quality is an important concept in landscape management and 

architecture. Landscape refers to “an area, as perceived by people, whose character is 

the result of the action and interaction of natural and/or human factors” (Council of 

Europe, 2000). Landscape visual quality is simply defined as the aesthetical perfection 

of landscape (Onder, Polat, & Korucu, 2011). Landscape preference is defined as the 

degree to which a landscape is preferred by an observer and is generated by an interaction 

between landscape characters and the perceptions of observers (Daniel, 2001; M. S. 

Tveit, 2009). To evaluate the preference of any given landscape, four aspects are crucial 
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(see Figure 6.1), including the relevant character of the landscape, the characteristics of 

observers, and the types of surrogates such as color photographs and computer-generated 

images, and the techniques for quantifying landscape preferences such as Likert scales 

and ranking scales. In this study, characteristics of observers are not considered for three 

reasons: (1) the common evolutionary theories do support the existence of a common set 

of landscape; (2) the study explored the commonalities that most people share; (3) the 

process of market segmentation before real estate valuation in practice does to some 

extent control the impact of individual difference. While color photographs have been 

identified as the most appropriate surrogate to represent landscapes and evaluation 

techniques have no influence on the results of preference surveys, the main aspect 

considered in this study is a landscape's character. To describe a landscape's physical 

character, the most common framework is the VisuLands framework proposed by Ode 

et al. (2008) and M. Tveit et al. (2006). 

 

Figure 6.1 Process of Assessing Landscape Preferences 

6.2.1 The VisuLands Framework 
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The common evolutionary theories support the existence of a common set of landscape 

features, which are preferred across cultures and individual differences. The VisuLands 

framework, proposed by M. Tveit et al. (2006) and based on overview of the dominant 

visual concepts and theoretical base, is intended to explore the commonalities that most 

humans respond to. This framework identifies the following nine concepts: naturalness, 

stewardship, coherence, disturbance, visual scale, complexity, historicity, imageability, 

and ephemera. For each concept, landscape elements and attributes are also identified, 

contributing to its expression and potential assessment indicators. Figure 6.2 describes 

the theoretical bases of each visual concept in the VisuLands framework and its related 

landscape attributes. One of the advantages of the VisuLands framework proposed by M. 

Tveit et al. (2006) is that it provides a theoretical supported structure for assessing 

landscape visual quality. Strong relationships have been found between these nine key 

visual aspects and landscape preferences (Ode et al., 2008). The other is that compared 

with other models such as the psychophysical model (Real, Arce, & Sabucedo, 2000), 

this framework provides a more comprehensive structure. 
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Figure 6.2 VisuLands Framework: Theoretical Bases, Visual Concepts and Related Landscape 

Attributes 

However, the framework also has some limitations. First, from the related landscape 

attributes (see Figure 6.2), it can be concluded that this VisuLands framework is mainly 

designed in the rural settings, where natural landscape elements such as vegetation, water 

and other natural features account for a large proportion, with limited consideration of 

built features such as buildings and roads that are inevitable components of urban scenes. 

Caution is required if intending to this framework in urban settings (Ode et al., 2008). 

Second, this framework only describes the visual quality of features which are attached 

to the land, while the impact of the sky is usually overlooked and previous studies often 

treated it as a backdrop (Lothian, 2000). However, the sky has been found to be an 

important factor affecting the preferred scene viewed through windows (Hellinga & 

Bruin-Hordijk, 2008). Access to the sky provides the potential of capturing surrounding 

environmental changes such as seasonal changes and weather, and is closely related with 

spatial openness which is one of the main parameters affecting observers’ perceptions in 
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a built environment (Fisher-Gewirtzman & Wagner, 2003). A view dominated by the sky 

is found to be more satisfying than a view without such a feature (Lottrup et al., 2013). 

Third, depth of view is found to be more important than content in determining visual 

preference in some landscapes (Bishop et al., 2000). Impacts of foreground, middle-

ground, and background have been distinguished as important components of view. 

However, this VisuLands framework, which is usually implemented by parameters 

calculated by conventional standard viewshed analysis, fails to take this factor into 

account. 

6.2.2 Determinants of Urban Landscape Preferences 

Urban scenes comprise two types of features: built features and natural features. Built 

features in urban settings refer to buildings (cultural or non-cultural), infrastructures, and 

transportation (roads and streets). Natural features refer to trees and vegetation, 

mountains, water bodies, and sky. 

While the existing VisuLands framework mainly focuses on the rural settings and natural 

features, buildings, roads and streets are found to affect urban landscape preferences. 

For example, historical, and cultural buildings are expected to be visually appealing 

(Herzog, 1984; Hidalgo, Berto, Galindo, & Getrevi, 2006; Nasar, 1990), while residents 

may be less sensitive to views of other building types due to their ubiquity in a compact 

city (Jim & Chen, 2009). A cityscape view containing the surrounding neighborhood, 

vegetation and trees, is even found to be rated higher than a view showing close to natural 

features (Tuaycharoen, 2006). Traffic view can also influence the assessment of the 

landscape preference. Home views with busy streets are found to be less satisfactory 

(Hellinga & Bruin-Hordijk, 2008; Lake et al., 1998; Nasar, 1987). For example, the 
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visibility of a road from the front of property would averagely depress the property price 

by 2.5% (Lake et al., 1998). In Hong Kong, street views would also decrease the price 

by 3.7% (Jim & Chen, 2009). 

These facts and the consideration of the sky view factor led to a redefinition of the 

following seven visual concepts for this study: coherence, stewardship, disturbance, 

complexity, historicity, naturalness, and visual scale. 1) Coherence in the VisuLands 

framework is defined as a reflection of the unity of a scene and refers to a more 

immediate understanding and readability of the environment, with potential indicators 

like spatial arrangement of water and vegetation; including urban elements into this 

framework enlarged this concept, since typical street furniture and buildings also 

promote the readability of the environment. 2) Stewardship in the VisuLands framework 

refers to the sense of order and human care through active management, with potential 

indicators like management level of vegetation; in relation to urban elements, this 

concept mainly emphasizes the maintenance and conditions of non-cultural buildings. 3) 

Disturbance in the VisuLands framework refers to the lack of contextual fit and 

coherence in a landscape, with its potential indicators like presence of any artificial 

elements; in an urban context however, this is narrowed down in consideration of the 

ubiquity of built features in modern cities (this study regards only construction sites and 

abandoned lands as disturbance). 4) Complexity in the VisuLands framework describes 

the diversity and richness of landscape elements and the interspersion of patterns, with 

potential indicators like density of landscape elements, their diversity and degree of 

contrast. Including urban elements into the extended framework highlights the 

importance of diversity of man-made elements in this concept. Buildings are classified 

as either residential, commercial, industrial, historical or others, and roads are classified 
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as either one-way or two-way. 5) Historicity describes the degree of historical continuity 

and richness present in the landscape, with potential indicators like vegetation with 

continuity; the urban landscape preferences concept was expanded to have a special 

focus on traditional and historical buildings for this study. 6) Naturalness in the 

VisuLands framework reflects the perceived closeness to a natural state, with potential 

indicators of percentage of natural vegetation and water, although for this study 

manmade green parks and planted vegetation was also included to take account of the 

urban setting. 7) Visual scale was redefined by including the sky factor. In the VisuLands 

framework, visual scale deals with the degree of openness in the landscape, measured 

by two-dimensional viewshed size, which cannot capture the 3D situation and 

corresponding human perceptions (Fisher-Gewirtzman, Pinsly, Wagner, & Burt, 2005). 

Considering the relationship between the sky view factor and spatial openness, visual 

scale was re-measured and Visible sky view was also included. 

6.2.3 Research Design 

Figure 6.3 presents the research design for the development of a framework for assessing 

urban landscape preference and its validation. To overcome the limitations of this 

VisuLands framework, an extended framework was proposed by reviewing determinants 

of urban landscape preferences as previously mentioned (see Table 6.1). Among the nine 

visual concepts, visual scale, complexity, coherence, and naturalness were expanded; 

stewardship and historicity were changed; imageability and ephemera remained the 

same; and disturbance was narrowed down. 

To account for the impact of depth of view, fuzzy viewshed analysis is used, which 

introduces a distance decay function into conventional viewshed analysis, instead of 
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conventional binary viewshed analysis that set a fixed maximum distance of visibility. 

Indices of the extended VisuLands framework were quantified by the fuzzy viewshed 

analysis based on a 3D city model generated by the integrated 3D modeling approach.  

Human perception data on landscape preference were collected by inviting participants 

to rate a series of scenes displayed by color photographs taken through field inspection, 

since color photographs are still considered as the most appropriate surrogate to present 

landscapes. 

Finally, an Elastic Net regression model was generated based on 70% of the results of 

public preference survey and the indices calculated by the extended framework. To 

further validate the entire framework, predicted landscape preferences were estimated 

based on the regression model and used to compare with the remaining 30% of the results 

from the public preference survey. 
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Figure 6.3 Research design for extending VisuLands framework of assessing urban landscape preference 
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Table 6.1 Overview of Key Concepts and Their Definitions, Indicators and Supporting Data 

Visual concepts Definition (Ode et al., 2008; M. Tveit et al., 2006) New indicators  

Naturalness Closeness to a preconceived natural state. 

§ Percentage of all types of vegetation ,water, mountains in the 

landscape 

Stewardship 
The presence of a sense of order and human care through active management which 

contributes to a perceived accordance to an ideal situation. 

§ Level of management for buildings in the landscape 

Coherence 

A reflection of the unity of a scene, where coherence may be enhanced through 

repeating patterns of color and texture. 
§ Spatial arrangement of water and vegetation 

Disturbance A lack of contextual fit and coherence, where elements deviate from the context. 

§ Presence of disturbing elements: construction sites, streets and 

roads 

Visual scale 
The perceptual units that reflect the experience of landscape rooms, visibility and 

openness. 

§ The size of the viewshed and visible sky calculated from the 

observation points 

Complexity 

The diversity and richness of landscape elements and features, their interspersion 

and the grain size of the landscape. 
§ Perimeter-area ratio (Mcgarigal Marks, 1995) 

Historicity 

Reflects the visual presence of time layers and the amount, condition and diversity 

of cultural elements. 
§ Area of cultural elements present in the viewsheds. 

Imageability The quality of a landscape present in totality or through elements. § Area of landmarks 

Ephemera The presence of elements and land-cover types changing with season and weather. 

§ The area of land use with seasonal changes present in the 

viewsheds. 
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6.3 Procedure for Conducting Landscape Preference Survey 

6.3.1 Imagery Capture 

Heng Fa Chuen is located in Chai Wan in the Eastern District, Hong Kong Island, Hong 

Kong. This area was reclaimed from Pak Sha Wan and Lei Yue Mun Bay, and surrounded 

by barren hills, diverse vegetation and water bodies. Typical landscapes included built 

features, water bodies, mountains and vegetation. Therefore, the route for taking 

landscape photographs should be designed to cover all these typical landscape elements. 

Figure 6.4 shows the route designed in this study to capture the imageries for the 

landscape preference survey. 

 

Figure 6.4 Screenshot of the Route Designed for Taking Landscape Photographs 
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In total, 96 digital landscape color photographs were taken from 96 observation points 

around the estate of Heng Fa Chuen, with their contents covering the landscape element 

including water bodies, mountains, vegetation and built features. 

6.3.2 Questionnaire Design 

A questionnaire was developed for the landscape preference survey (see Figure 6.5). For 

each digital landscape color photograph, participants were asked to give preference 

scores from 1 to 10, which ranged from low scenic preferred to high scenic preferred. 

The questionnaire was uploaded to a website named Wenjuanxing for participants’ 

convenience. 
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Figure 6.5 Screenshot of landscape preference online survey 

Finally, 10 students from the Hong Kong Polytechnic University were invited to give 

preference scores, assuming that they shared similar backgrounds owing to their 

common culture and education. Although personal attributes such as experiences and 

knowledge play an important role in landscape preference survey on an individual level, 

landscape preference is nearly independent of these factors on a group level (Yokoya, 

Nakazawa, Matsuki, & Iwasaki, 2014). 

6.3.3 Results 

The preference scores from the target group ranged from the highest score of 7.70 given 

to photo No. 12, to the lowest score of 4.50 given to photos No. 66 to No. 69. The 

standard deviation in the responses ranged from to 0.1297 (Point No. 84) to 0.47338 

(Point No. 82). The average score was used as the target value of human landscape 

preference for each landscape photograph. Its description is presented in Table 6.2. 

Please refer to Appendix II for more detailed information about the results of the 

landscape preference survey. 

Table 6.2 Descriptive Results of Average Scores for All Observation Points 

 Mean 
Std. 

Error 
Median 

Std. 

Dev. 

Sample 

Variance 
Range Min Max Sum 

Coun

t 

Average 

sores 
5.956 0.093 5.5 0.910 0.828 3.2 4.5 7.7 565.8 96 



 

87 

 

6.4 Procedure for Quantifying Landscape Visual Quality Indicators 

6.4.1 Preparation of the Dataset 

The procedure for quantifying landscape visual quality indicators was based on multiple 

spatial datasets and attribute information of surrounding buildings. These spatial datasets 

included 2D datasets like distribution of green space, streets and roads, footprints of 

mountains, and footprints of museums and historical buildings, and 3D datasets such as 

3D models of natural elements and 3D models of built elements. Non-spatial dataset 

referred to the information of surrounding buildings of the observation points. Table 6.3 

represents the dataset mentioned above and their corresponding data sources. 

Table 6.3 Sources of Data for Measuring Landscape Visual Quality Indicators 

Data type Sources 

Map data 

2D 

Green Lands department 

Street and road Lands department 

Mountain Lands department 

Museum Lands department 

3D 

Natural elements First hand, Lands department 

Built elements First hand, Lands department 

Observation points First hand 

6.4.2 Processing with Fuzzy Viewshed Analysis 

Before estimating a landscape preference prediction model, indicators of the extended 

VisuLands framework were quantified by using fuzzy viewshed analysis. Compared 

with standard viewshed analysis, fuzzy viewshed analysis is mainly used to deal with 
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visual significance issues related with the depth of view, which is quite important in 

landscape visual quality assessment but often overlooked. 

Observation points were split by attribute to guarantee that each observation point had 

one record after conducting fuzzy viewshed analysis, in case the results of fuzzy 

viewshed were summed up. To produce the Digital Surface Model (DSM), the 3D model 

established by the integrated 3D modeling approach in Chapter 5, the existing 3D models 

provided by Lands department, and the DEM were combined to convert into a raster 

layer. 

Fuzzy viewshed analysis from each observation point was performed by taking the 

following steps based on its theoretical principles, since the existing fuzzy viewshed tool 

in Arctoolbox only offered raster layers without attribute tables to record the results of 

fuzzy viewshed analysis. 

First, standard viewshed analysis was conducted for each observation point (see Figure 

6.6). The produced raster lay for each observation point consisted of cells classified as 

visible (recorded by 1) or invisible (recorded by 0) (see Figure 6.7). 

 

Figure 6.6 Process of Standard Viewshed Analysis 
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Figure 6.7 Example of Results of Standard Viewshed Analysis 

Second, a distance buffer was created to include the distance information. This was 

accomplished by creating a five ring buffer whose radius was 500 meters with an interval 

of 100 meters (see Figure 6.8). 

 

Figure 6.8 Process of Distance Buffer Creation 

Third, the most important step was to define the distance decay function, since it 

modeled the decrease of visual clarity that occurred with the increase of distance 

between the object and the observation point. Two parameters were essential as 

mentioned in Chapter 4, namely !" that refers to the distance of clear visibility, and !# 
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the critical distance at which visibility decreases to 50%. Fisher (1992) suggested values 

of 1 kilometer for !" and 2 kilometers for !#. However, Lake et al. (1998) and S.-M. 

Yu et al. (2007) set a maximum distance in the viewshed analysis at 500 meters, and 

argued that greater distances would not contribute to a significant increase in the amount 

of visible cells of the viewshed analysis results. Therefore, in this study !" was set at 

100 meters and !# was set at 200 meters. The average membership value of the two 

ridges in a ring buffer was used as the membership value of the ring buffer (see Figure 

6.9). Membership value less than 0.058 (the value of distance at 500 meters) was 

classified as being invisible. 

 

Figure 6.9 Distance and Membership Value 

Finally, a fuzzy viewshed was created by combining the layers representing the distance 

decay function with the layers of standard viewshed results classifying all raster cells as 

visible or invisible from the observation point (see Figure 6.10). For each observation 

point, there was a raster layer of standard viewshed analysis result and five fuzzy 
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viewshed ring buffers with membership values of 1, 0.75, 0.35, 0.15, and 0.05 

respectively. 

 

Figure 6.10 Example of Result of Fuzzy Viewshed Analysis 

6.4.3 Results 

One of the nine key visual indicators, stewardship, described the level of management 

of the urban landscape. It is quite difficult to measure this concept based on the map. 

The cases selected in this study were located within the same territory, which had litter 
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difference. In light of these, this indicator was excluded in this study. Eight other key 

visual indicators were measured as shown in Table 6.4. All of them were measured based 

on the results of fuzzy viewshed analysis. Naturalness was measured by intersecting 

three raster layers including the result of standard viewshed analysis, distance function 

decay buffer, and the layer of natural land use types including green space, water space, 

and mountain space. Coherence was measured by the connectivity indicator (CCI) 

(Quintana, Ramos, Martínez, & Pastor, 2010). This indicator is a function of the effective 

distance between two points by a resistance matrix which was calculated by the Dijkstra 

(1959) algorithm. Disturbance was measured by intersecting three raster layers including 

the result of standard viewshed analysis, distance function decay buffer, and the layer of 

construction sites and transportation land use. Visual scale was measured by visible sky 

space and the viewshed size. Complexity was measured by perimeter-area ratio, which 

was defined as the ratio of the perimeter of the patch of one typical land use to the area 

of this patch (Mcgarigal Marks, 1995). Historicity was measured by intersecting three 

raster layers including the result of standard viewshed analysis, distance function decay 

buffer, and the layer of museums. Imageability was measured by intersecting three raster 

layers including the result of standard viewshed analysis, distance function decay buffer, 

and the layer of landmarks. Ephemera was measured by intersecting three raster layers 

including the result of standard viewshed analysis, distance function decay buffer, and 

the layer of green space and mountains. The value of each indicator for one observation 

point was the expected values of buffer 1 to 5. 

The results for measuring eight key visual concepts of the proposed extended framework 

of urban landscape visual quality based on fuzzy viewshed analysis are presented in 

Table 6.5. The naturalness values are greater around Heng Fa Chuen than in Heng Fa 
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Chuen itself because of the locations of vegetation, sea and mountains. The highest value 

for naturalness occurred at point No. 36 (110629) while the lowest values of naturalness 

occurred at points 93 to 95, which were obstructed by the walls of the Salvation Army 

School. The disturbance values were greater in Heng Fa Chuen than around Heng Fa 

Chuen because of the location of railways and streets. The highest value of disturbance 

occurred at point No. 43 (17059), which was next to the railway. The lowest values of 

disturbance occurred at the points of 10 to 35, which were alongside the sea. Historical 

buildings in the study area were few, and therefore the values of historicity were quite 

low. The highest value for this indicator occurred at point No. 57 (171), which was 

approximately next to the mountains where the historical buildings were located. The 

imageability values were greater in Heng Fa Chuen than around Heng Fa Chuen because 

of the locations of landmarks. The highest value of disturbance occurred at point No. 43 

(5549), which was next to the landmark Paradise Mall. The ephemera values were 

greater around Heng Fa Chuen than in Heng Fa Chuen because of the locations of 

vegetation and mountains. The highest value for naturalness occurred at point No. 61 

(41938). The values of visual scale were greater around Heng Fa Chuen than in Heng Fa 

Chuen. The highest value for naturalness occurred at point No. 61 (145585). Values of 

complexity for points located in Heng Fa Chuen were higher than those around Heng Fa 

Chuen, which indicated that the visible landscape in Heng Fa Chuen was more 

fragmented than around the Heng Fa Chuen, The high values for coherence occurred 

around Heng Fa Chuen because this area was a continuous area of sea and mountains 

rarely interrupted by artificial buildings.
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Table 6.4 Indicators and Corresponding Data Support for Each Visual Concept 

Visual concepts New indicators  Data support 

Naturalness 
Area of all types of vegetation, water, and 

mountains in the landscape 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Raster layer of green space, water, and mountains 

Stewardship 
Level of management for buildings in the 

landscape 
- 

Coherence Connectivity indicator CCI 1 

• Layer of observation point 

• Layer of standard viewshed 

• Layer of land use 

• Distance function decay buffer 

                                                        
1 CCI measured whether the current land uses were consistent with each other and was quite useful to measure coherence related with land uses. 
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Disturbance 
Area of disturbing elements: construction 

sites, abandoned lands, streets and roads 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Raster layer of construction sites, streets and roads 

Visual scale 
The size of the viewshed and visible sky 

space calculated from the observation point 

• Raster layer of standard viewshed result 

• Raster layer of visibility result of sky 

Complexity 
Perimeter-area ratio 1  (Mcgarigal Marks, 

1995) 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Layer of land use 

Historicity 
Area of cultural elements present in the 

viewsheds 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Raster layer of museums and historic buildings 

Imageability Area of landmarks 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Raster layer of landmarks 

Ephemera 
Area of land use with seasonal changes 

present in the viewsheds. 

• Raster layer of standard viewshed result 

• Distance function decay buffer 

• Raster layer of green space and mountains 

                                                        
1 Complexity is commonly measured by using indicators for the shapes of the landscape elements. The perimeter-area ratio was defined as the ratio of the perimeter of the 
patch of one typical land use to the area of this patch. 
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Table 6.5 Descriptive Results of Indicators of Visual Concepts 

 Naturalness Disturbance Historicity Imageability Ephemera Visual scale Complexity Coherence 

Mean 22780.95 2353.105 4.263158 231.2 4820.137 41788.96 0.283678 0.021737 

Standard Error 2762.891 328.7353 1.872905 77.02751 821.3233 3348.164 0.021717 0.002122 

Median 9403 1535 0 0 1271 35234 0.317387 0.014196 

Standard Deviation 26929.33 3204.115 18.25482 750.7713 8005.27 32633.86 0.211669 0.020682 

Sample Variance 7.25E+08 10266353 333.2385 563657.5 64084342 1.06E+09 0.044804 0.000428 

Kurtosis 0.504972 7.056001 75.91612 30.23265 6.934008 0.345017 -1.39536 0.098549 

Skewness 1.223539 2.466783 8.346156 5.146468 2.521629 0.895359 0.144542 0.947222 

Range 110629 17059 171 5449 41938 143313 0.725043 0.08442 

Minimum 0 0 0 0 0 2272 0.030532 0.000267 

Maximum 110629 17059 171 5449 41938 145585 0.755575 0.084687 

Sum 2164190 223545 405 21964 457913 3969951 26.94941 2.064994 

Confidence Level 

(95.0%) 
5485.784 652.7116 3.718697 152.9399 1630.757 6647.857 0.043119 0.004213 
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6.5 Application and Validation 

6.5.1 Estimating Landscape Preference Prediction Model 

To estimate the relationship between the indicators constructed based on the extended 

VisuLands framework and the landscape preference, Elastic Net analysis was employed, 

considering that: (1) landscape preference predictors based on the proposed framework 

are highly or median related according to their definitions; (2) the Elastic Net is 

theoretically superior to the LASSO and the Ridge regression; (3) there are too many 

landscape preference predictors compared with the sample size. Around half of the 

sample was used to estimate the landscape preference prediction model. 

By computing the cross-validation of the model, the relationship between the mean 

square error and the value of ! was estimated and is presented as Figure 6.11. The blue 

circle represents the minimum mean square error with one standard error, while the green 

one represents the minimum mean square error. The value of ! was set at 0.016067 to 

achieve the lease mean squared error (0.17067). 
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Figure 6.11 Elastic Net Mean Squared Error and Value of ! 

After determining the least mean squared error and the value of ! , 7 non-zero 

coefficients were estimated by using Elastic Net analysis (see Figure 6.12). From the 

results of the Elastic Net analysis, it can be concluded that coherence, naturalness, visual 

scale, and historicity have positive impacts on landscape preference, while complexity, 

disturbance, and ephemera have negative impacts. This finding indicates that human 

preferred landscapes have more natural landscape elements and historic elements, larger 

visual scale, are more coherent, less complex, less disturbed, and less seasonally 

changeable. Another notable finding is that differences between the coefficients of 

naturalness and ephemera indicate that compared with small hills and vegetation, human 

preference is for water bodies like the sea. The special importance of water bodies is also 

supported by previous landscape preference studies (Arriaza, Cañas-Ortega, Cañas-

Madueño, & Ruiz-Aviles, 2004; Bishop et al., 2000; Brush, 1981; Nasar & Li, 2004). 
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Figure 6.12 Coefficients of the Elastic Net (Alpha=0.5) 

6.5.2 Validation of Framework 

To validate the effectiveness of the proposed extended framework, the rest of the sample 

was employed as the test data. 36 observation points were used in this part and the model 

established before was used to make predictions. Figure 6.13 presents a scatter plot of 

human preference scores and model-based predicted scores using the test data. It 

visualizes the similarity between the human perceptions and model predictions and 

visually reveals the correlation and alignment achieved by the proposed framework. 
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Figure 6.13 Scatter Plot of Human Scores and Model-based Predicted Scores for the Test Data  

Two hypotheses were proposed based on the theoretical relationship between the human 

scores and the predicted scores: (1) the coefficient of the human score equaled 1; and (2) 

the intercept equaled zero. 
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Figure 6.14 Regression Analysis of Predicted Scores and Human Scores 

A simple regression analysis was conducted to test the two hypotheses. From Figure 6.14 

it can be seen that the coefficient of the human score was 0.941 with 95% confidence 

bonds between 0.8376 and 1.044, indicating that there was no significant difference 

between 1 and the coefficient of the human score. The intercept was estimated at 0.4404 

with 95% confidence bonds between -0.1928 and 1.07, and no significant difference was 

found between 0 and the intercept. These findings support the two hypotheses and further 

validate the effectiveness of the proposed framework to assess urban landscape visual 

quality and urban landscape preference. 

6.6 Summary of the Chapter 

This chapter analyzed the existing framework of assessing rural landscape visual quality 

and its limitations when applying it in urban settings. Eight out of nine key visual 

concepts were revisited based on reviewing determinants of urban landscape preference 
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and the impact of the sky. Fuzzy viewshed analysis was then adopted to consider the 

impact of depth of view and an online questionnaire survey was conducted to verify the 

effectiveness of the extended framework. 96 feedbacks were randomly divided into two 

parts: the training part (60) and the test part (36). By using Elastic Net analysis, the 

relationships between the landscape preference and the framework-based indicators 

were estimated based on the training data. The remaining test data were used to make 

predictions based on the estimated model to further validate the effectiveness of the 

extended framework. 

The key findings of this Chapter are: (1) the extended framework proposed succeeded 

in assessing urban landscape visual quality and urban landscape preference; (2) the 

combination of the extended framework and fuzzy viewshed analysis succeeded in 

measuring the corresponding indicators based on the proposed framework. 
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Chapter 7 Proposed 3D GIS-based Valuation System 

7.1 Introduction 

This chapter proposes a 3D GIS-based valuation system, which integrates the module 

of generating a 3D city model, the module of assessing landscape visual quality, and 

the module of valuing residential properties. This 3D GIS-based valuation system is 

expected to allow a quick, accurate, and consistent assessment of landscape visual 

quality (scenic view) to achieve accurate and reliable residential property valuations. 

7.2 Overview of the System 

The 3D GIS-based valuation system was proposed by integrating the spatial and 

aspatial information and comprised four layers from the view of bottom-up. First, 

external related data including the imageries captured by the UAV, 2D GIS maps, floor 

plans of residential buildings, property characteristics data and market data were 

collected and provided as the first layer. Second, the integration layer was to develop a 

3D GIS database, integrate and apply the methodologies to assess landscape view 

quality, and value residential properties. Three modules were presented at this layer. 

The module of generating a 3D city model, which served as the spatial foundation of 

assessing landscape visual quality and provided tools for data management, had been 

developed by integrating the UAV photogrammetric modeling approach with the 

procedural modeling approach. The module of assessing landscape visual quality 

directly determined the landscape visual quality through deriving nine key visual 

indicators from the fuzzy viewshed analysis based on the established 3D city model. 

These nine key visual indicators, serving as the instrumental variable of scenic view, 
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was integrated with other property characteristic data for property valuation in the 

module of residential property valuation. The third layer provided potential outcomes 

of the proposed 3D GIS-based valuation system. It included the generated 3D city 

model, results of assessing landscape visual quality for each apartment, results of 

valuing residential properties, as well as results of ratio analysis used to describe the 

valuation performance. The last layer presented potential users who could apply and 

benefit from this system. 

 

Figure 7.1 3D GIS-based Valuation System for Assessing Scenic View in Residential Property 

Valuations 
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7.3 Input Layer 

The input layer comprised the imageries captured by the UAV, 2D GIS map data, floor 

plans of residential buildings, and property characteristic data and market data. The 

function of this layer was to define the types of data required to establish the 3D GIS-

based valuation system (see Table 7.1). The imageries captured by the UAV were used 

to generate the 3D city model (exterior) serving as the spatial database of the 3D GIS-

based valuation system. 2D GIS map data described the current land use type such as 

open space, residential land, green space, country park, industrial land, commercial land, 

and comprehensive development area. Floor plans of residential buildings presented 

their interior layouts and were employed to generate the 3D city model (interior) by 

using the procedural modeling approach. Property characteristic data such as building 

area, building floors, and number of bedrooms, and market data such as transaction 

price and transaction date were collected for developing the valuation database. 

Table 7.1 Information Collected in the Input Layer 

Part Content Information collected 

Part I UAV Imagery Imageries captured by the UAV for 3D city modeling 

Part II 2D GIS Map 

Land use map describing the location and shape of 

open space, green space, residential land, commercial 

land, industrial land, country park, and others 

Part III Floor Plan Layout of each floor of residential buildings 

Part IV 

Property 

Characteristic Data 

and Market Data 

Property characteristic data including building area, 

building age, floor level, No. of bedroom, distance to 

MTR, and distance to seashore etc. 

Property market data including transaction price, 

transaction date, and housing price index 
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7.4 Integration Layer 

7.4.1 Module of Generating a 3D City Model 

This module comprised the process of generating a 3D exterior city model and the 

process of generating a 3D interior city model (see Figure 7.2). It would generate two 

categories of 3D city models for further spatial analysis. The first database was the 

database of 3D exterior city model. By using the UAV imageries, this database provided 

a 3D city model with photo-realistic textures and coordinate information. However, this 

database failed to provide the interior information of buildings. To overcome this 

shortage, the second database, the database of 3D interior city model, was generated. 

This database provided the interior information of residential buildings and facilitated 

the data management by generating attribute sheets. These two databases were then 

combined together based on their coordinate information, producing the 3D city model 

with exterior photo-realistic textures and interior features.  

 

Figure 7.2 Module of Generating a 3D City Model 

7.4.2 Module of Assessing Landscape Visual Quality 
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This module comprised the process of calculating the visual indicators of assessing 

landscape visual quality (see Figure 7.3). Based on the spatial database generated by 

the module of generating a 3D city model, a database of assessed landscape visual 

quality results was generated. Following the framework proposed in Chapter 6, 

indicators related to nine visual key concepts, namely naturalness, stewardship, 

coherence, disturbance, visual scale, complexity, historicity, imageability, and 

ephemera, were calculated by using fuzzy viewshed analysis. This module enables 

appraisers to capture visual information without physical inspections, and quantify 

visual factors automatically. 

 

Figure 7.3 Module of Assessing Landscape Visual Quality 

7.4.3 Module of Valuing Residential Properties 

This module was designed to provide results of residential property valuation. It 

comprised three parts, namely developing the valuation database, selecting appropriate 

appraisal methods, and reporting valuation results (see Figure 7.4). The development 

of the valuation database depended on the combination of two databases, namely the 

2D attribute database and the database of assessed landscape visual quality. The 

selection of appropriate appraisal methods was to provide basic mathematical models 

for calculating the appraisal value such as the hedonic housing model. Reports of ratio 
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studies described appraisal performance, which measured the level and uniformity of 

mass appraisal models and assured internal quality. 

 

Figure 7.4 Module of Assessing Residential Properties 

7.4.4 Integration of Modules 

The integration of these three modules depended on the data compatibility between 

Photoscan, CityEngine, ArcGIS, and statistical analysis software. The integration 

process is presented in Figure 7.5. Information transformation between the module of 

generating a 3D city model and the module of assessing landscape visual quality 

depended on the data format of DBF, while the integration between the module of 

assessing landscape visual quality and module of residential property valuation relied 

on the excel format. 
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Figure 7.5 Integration of Modules 

7.5 Output Layer and Users Layer 

The output layer contained the outcomes of the 3D GIS-based valuation system, 

including the generated 3D city model, the results of assessing landscape visual quality, 

the results of valuing residential properties, and the results of ratio studies. It not only 

recreated the city in a 3D manner, but also achieved the automatic quantification of 

visual factors. Based on the existing results, the layer provided the valuation results and 

assessed the valuation performance by conducting ratio studies. The end users including 

valuers from public valuation institutions and private valuation agencies, individual 

taxpayers, commercial banks, developers, and other stakeholders could benefit from the 

proposed 3D GIS-based valuation system. It offers end users the function of 

automatically quantifying visual factors and the function of powerful visualization, 

which could objectively and automatically provide appraisers and taxpayers 

quantifiable evidence to better support and understand their valuations, provide a high-

definition perspective of the house and neighborhood, and assist the development of 

new buildings for developers. 
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7.6 Summary of the Chapter 

This chapter proposed a 3D GIS-based valuation system for assessing scenic view in 

residential property valuation. The system comprises four layers. The input layer 

contains imageries captured by the UAV, 2D GIS map data, floor plans of residential 

buildings, and property characteristic data and market data. The integration layer was 

constructed based on three modules: the module of generating a 3D city model, the 

module of assessing landscape visual quality, and the module of residential property 

valuation. The module of generating a 3D city model was designed to produce a 3D 

city model for further spatial analysis; the module of assessing landscape visual quality 

was designed to measure scenic view from the perspective of landscape visual quality; 

and the module of residential property valuation conducted the residential property 

appraisal based on the aforementioned two modules. The results of the proposed 3D 

GIS-based valuation system could provide a cost effective strategy to model the world, 

achieve automatic quantification of scenic views, and make improvements on property 

valuation accuracy. 
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Chapter 8 Validation of the 3D GIS-based Valuation System 

8.1 Introduction 

This chapter applies the 3D GIS-based valuation system, which combines the prosed 

3D modeling approach with the proposed framework of urban landscape visual quality 

assessment, to verify its reliability and effectiveness for real estate valuation purposes. 

The validation process comprises two steps: empirical analysis in a real case study and 

comparative analysis with conventional methods. By applying this proposed 3D GIS-

based valuation system to real cases, an empirical analysis was conducted to verify the 

reliability of the developed system. Comparative analysis was designed to examine 

whether the proposed system was superior to other conventional methods. 

8.2 Study Area and Data 

Heng Fa Chuen was selected as the real case study, which is located at the North Chai 

Wan MTR terminal and spans a site area of 10.65 hectares. Mass Transit Railway (MTR) 

Corporation and Heng Fa Chuen Development Company Limited jointly developed it 

in the 1980s, when land reclamation projects were created adjacent to Chai Wan. It 

includes 48 residential towers with a total number of 6,504 flats (see Table 7.1) and 

around 10,000 residents. Residential towers were assigned a number from 1 to 50 

without 14 and 44. Among these residential towers, Block 1, 2, 6, 7, 9, and 12 had 17 

floors (floor 1 to 18 without 14); Block 3, 4, 5, 8, 10, 11, 13 to 43, and 45 had 19 floors 

(floor 1 to 20 without 14); Block 46 to 50 has 21 floors (floor 1 to 22 without 14). The 

flat unit size varied from approximately 471 to 1,064 square feet. 
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Table 8.1 Distribution of Flats in Heng Fa Chuen (units) 

Building 
Block 

1 
Block 2 Block 3 Block 4 Block 5 Block 6 Block 7 Block 8 

Flats 112 112 112 112 112 112 112 112 

Building 
Block 

9 

Block 

10 

Block 

11 

Block 

12 

Block 

13 

Block 

15 

Block 

16 

Block 

17 

Flats 112 112 112 112 112 112 112 112 

Building 
Block 

18 

Block 

19 

Block 

20 

Block 

21 

Block 

22 

Block 

23 

Block 

24 

Block 

25 

Flats 112 104 104 104 152 152 152 152 

Building 
Block 

26 

Block 

27 

Block 

28 

Block 

29 

Block 

30 

Block 

31 

Block 

32 

Block 

33 

Flats 152 144 152 144 144 144 144 144 

Building 
Block 

34 

Block 

35 

Block 

36 

Block 

37 

Block 

38 

Block 

39 

Block 

40 

Block 

41 

Flats 152 152 152 152 152 152 152 152 

Building 
Block 

42 

Block 

43 

Block 

45 

Block 

46 

Block 

47 

Block 

48 

Block 

49 

Block 

50 

Flats 152 152 152 152 168 168 168 168 

Table 8.2 presents the variables selected for hedonic analysis and their descriptive 

results. Property physical attributes including area, building age, and floor, and market 

data including transaction price and transaction date were collected from the website of 

a large Hong Kong property agent called Centaline Property Ltd. Since the transaction 

dates varied from unit to unit, all transaction dates of property units were adjusted to be 

consistent with the date of our 3D spatial data collection in 2016, and the transaction 

prices were adjusted according to the Hong Kong residential housing price index1. In 

total, 416 transaction records from January 2014 to July 2017 were used as our sample. 

The building age of our sample units ranged from 25 years to 31 years, with an average 

                                                        
1 Source: https://www.rvd.gov.hk/en/property_market_statistics/index.html 
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record of 27.75. Real housing price ranged from HK$4.8 million to HK$15.7million, 

with an average of HK$7.585 million. The building area ranged from 453 square feet 

to 1,069 square feet, with an average of 571.47 square feet. The number of floor range 

from 1 to 22, and the number of bedrooms range from 2 to 4. The distance to the MTR 

of Heng Fa Chuen range from 67 feet to 308 feet, with an average of 181.69 feet. The 

distance to the seashore around Heng Fa Chuen ranges from 20 feet to 380 feet, with 

an average of 163.08 feet. 

As all property units in the sample were located in the same neighborhood, their 

locational attributes were considered to be insensitive (Jim & Chen, 2009). Additionally, 

the distance to the Heng Fa Chuen MTR and the distance to the seashore were the only 

locational attributes to be considered that were consistent with Jim and Chen (2009). 

Table 8.2 Descriptive Analysis of Dependent Variables and Independent Variables for 

Hedonic Analysis (Except Visual Attributes) 

 Floor HP Area Age Dis_MTR Dis_Sea Bedroom 

Mean 10.80901 758.4635 571.47 27.74678 181.6867 163.0815 2.517167 

Std. Error 0.259127 8.738488 5.26305 0.067186 3.343324 5.364723 0.026517 

Median 11 700 547 28 200 130 2.5 

Std. Dev. 5.593776 188.638 113.6136 1.450339 72.17244 115.8085 0.572417 

Sample Variance 31.29033 35584.31 12908.06 2.103484 5208.861 13411.6 0.327662 

Kurtosis -1.20093 1.865597 1.605257 -0.56204 -1.18986 -1.26991 16.20222 

Skewness 0.011042 1.385643 1.345498 0.15476 -0.03473 0.408232 1.936311 

Range 21 1090 616 6 241 360 6 

Minimum 1 480 453 25 67 20 2 

Maximum 22 1570 1069 31 308 380 4 

Observations 416 416 416 416 416 416 416 

Note: In this table, Age represents the age of buildings (unit: year); Floor represents the floor number of 

a specific property unit; HP represents the real housing price adjusted by residential housing price index 
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(unit: ten thousand HK$); Area represents the building area of a property unit (unit: square feet); 

Dis_MTR represents the distance of the block where the flat locates to the MTR of Heng Fa Chuen; 

Dis_Sea represents the distance of the block where the flat locates to the seashore; and Bedroom stands 

for the number of bedrooms in the apartment. 

As for the environmental attributes, all property units in the sample were located in a 

similar environment except for their landscape views. To assess the landscape visual 

quality from the observation points for each flat, eight variables describing the urban 

landscape visual quality mentioned in Chapter 8 were constructed. These eight 

landscape visual quality variables were quantified by fuzzy viewshed analysis based on 

the established 3D model in Chapter 6. Their descriptive results are presented in Table 

8.3. Visual scale ranges from 616 square feet to 9,188,099 square feet, with an average 

of 1,012,537 square feet. Complexity ranged from 0.73 to 3.60, with an average of 1.47. 

Coherence ranged from 0.00 to 5.85, with an average of 0.64. Disturbance ranged from 

0 to 59677 square feet, with an average of 6236.89 square feet. Imageability ranged 

from 0 to 15127 square feet, with an average of 1316.2 square feet. Ephemera ranged 

from 28 square feet to 233,941 square feet, with an average of 71028.6 square feet. 

Naturalness ranged from 33 square feet to 9,174,168 square feet, with an average of 

974,633.9 square feet. Historicity ranged from 0 to 7,137 square feet, with an average 

of 700.95 square feet. 
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Table 8.3 Descriptive Results of Indicators for Measuring Landscape Visual Quality 

 Visual scale Complexity Coherence Disturbance Imageability Ephemera Naturalness Historicity 

Mean 1012537 1.471863 0.644928 6236.892 1316.2 71028.55 974633.9 700.9495 

Standard Error 82286.95 0.033497 0.052412 455.0859 129.9737 3892.805 82372.45 62.57789 

Median 391661 1.385478 0.249466 3099 12.5 39653 319680 39.5 

Mode 559272 1.190749 0.356224 0 0 105703 525881 0 

Standard Deviation 1678331 0.683211 1.069001 9281.967 2650.955 79397.95 1680075 1276.344 

Sample Variance 2.82E+12 0.466777 1.142762 86154910 7027560 6.3E+09 2.82E+12 1629053 

Kurtosis 6.29435 0.016628 6.29435 10.44735 7.367029 0.714373 6.341472 5.047262 

Skewness 2.582013 0.408341 2.582013 2.949017 2.685117 1.171423 2.597752 2.236947 

Range 9187483 3.529556 5.8519 59677 15127 322913 9174135 7137 

Minimum 616 0.073259 0.000392 0 0 28 33 0 

Maximum 9188099 3.602815 5.852292 59677 15127 322941 9174168 7137 

Sum 4.21E+08 612.2952 268.2899 2594547 547539 29547877 4.05E+08 291595 

Count 416 416 416 416 416 416 416 416 

Confidence Level(95.0%) 161751.2 0.065845 0.103026 894.5608 255.489 7652.073 161919.3 123.0092 
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8.3 Empirical Analysis 

Variables including housing price, building age, number of floors, number of bedrooms, 

building area, dis_MTR, dis_seashore, and eight indicators for measuring landscape 

visual quality were transformed by taking the natural logarithm, considering the 

multicollinearity and their skewness. Using this log form, the coefficients were 

interpreted as the corresponding percentage change in property price: 

ln#$ = &' + &) ln *+, + &- ln ./001 + &2 ln *1,* + &3 ln4,51006

+ &7 ln589_6;1 + &< ln589_9=>9ℎ@A= + &B ln C89D>E9F>E=

+ &G ln H@IJE=K8LM +&N ln H@ℎ=A=OF= +&)' ln589LDAP>OF=

+ &)) ln QI>R=>P8E8LM + &)- ln ,Jℎ=I=A> + &)2 lnS>LDA>EO=99

+ &)3 ln#89L@A8F8LM 

In this model, &' is the stochastic term and the others are the coefficient that could 

capture the effects of corresponding housing attributes and need to be estimated. 

Before conducting the regression analysis, the correlation analysis was used to 

determine whether these independent variables were highly and significantly correlated 

in case of the existence of multiple collinearity. Table 8.4 presents the results. Two 

findings can be concluded: (1) the correlation between some variables (e.g. distance to 

seashore and floor) is significant; (2) all of the correlation coefficients are around or 

less than 0.3 which indicates that these independent variables are not highly correlated. 

Therefore, no independent variables are significantly and highly correlated.
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Table 8.4 Results of Correlation Analysis of Private Houses in Heng Fa Chuen 

 
floor bedroom dis_MTR dis_seashore area age visualscale complexity coherence disturbance imageability ephemera natural historicity 

floor 1 
             

bedroom -0.082 1 
            

dis_MTR 0.046 0.017 1 
           

dis_seashore .176** -.254** .101* 1 
          

area 0.021 .239** -0.02 -.307** 1 
         

age 0.062 -.219** 0.045 .230** -.149** 1 
        

visualscale -0.015 .269** .107* -.276** .241** -.185** 1 
       

complexity 0.064 -.242** 0.01 .234** -.302** .265** -.243** 1 
      

coherence -0.038 .346** 0.008 -.162** .283** -.159** .315** -.262** 1 
     

disturbance 0.05 -.155** .099* .270** -.186** .211** 0.045 .234** -.215** 1 
    

imageability 0.002 -.123* -.124** 0.005 -.157** 0.04 -.143** .178** -.211** .302** 1 
   

ephemera 0.087 -0.069 .177** .258** -.120* .215** .261** .140** -0.014 .273** .191** 1 
  

naturalness -0.002 .223** .136** -.214** .283** -.129** .282** -.308** .240** 0.077 -.141** .306** 1 
 

historicity .097* -.116* .206** .280** -.172** .227** .251** .099* -0.021 .207** 0.066 .217** .257** 1 

Note: **, correlation is significant at the 0.01 level; *, correlation is significant at the 0.05 level. 
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Table 8.5 summarizes the results of the hedonic regression analysis. By employing 416 

observations, the estimated model explained 89.23% of the variations in the housing 

prices. Two locational variables including the distance to the Heng Fa Chuen MTR and 

the distance to seashore were insignificant, and the other 12 variables were statistically 

significant (Imageability was significant at the significance level of 10%). 

Physical attributes, including the number of floors, the number of bedrooms, and the 

flat area, had positive impacts on the apartment price, while increasing the building age 

would decrease the apartment housing price. 

As mentioned earlier, the two locational variables of distance to the Heng Fa Chuen 

MTR and the distance to seashore were insignificant. The reason might be that residents 

were less sensitive to these two locational attributes. There were limited differences 

between different apartments, considering that the largest distance to the MTR of Heng 

Fa Chuen was 308 feet, and the distance to the seashore around Heng Fa Chuen was 

380 feet. 

Table 8.5 Results of Hedonic Regression Analysis of Private Houses in Heng Fa Chuen 

 Coefficients t Stat P-value 

Intercept -1.11014 -6.35344 5.72E-10 

ln floor 0.027996 4.738491 2.99E-06 

ln bedroom 0.026646 2.276545 0.02334 

ln dis_MTR 0.005859 0.533757 0.593805 

ln dis_seashore -0.01131 -1.49245 0.136368 

ln area 1.002682 28.26374 1.8E-97 

ln age -0.24998 -2.46693 0.014045 

ln visualscale 0.013522 2.326643 0.020482 

ln complexity -0.02614 -2.37811 0.017869 

ln coherence 0.088536 3.717596 0.00023 

ln disturbance -0.00101 -4.00489 7.39E-05 
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ln imageability -0.00254 -1.74399 0.081927 

ln ephemera 0.007541 2.361791 0.018664 

ln naturalness 0.009135 2.056419 0.040389 

ln historicity 0.000563 0.281449 0.778511 

Adjusted R Square = 0.892324           F-Value = 201.6976             Observations = 416 

Collinearity diagnostics was conducted to further support the robustness of the results 

of correlation analysis and the reliability of the results of regression analysis. Table 8.6 

summarizes the results of the collinearity diagnostics. The variance inflation factors 

(VIF) of all independent variables are less than 10, indicating that there is no collinearity. 

Table 8.6 Results of Collinearity Diagnostics 

� Tolerance VIF 

Intercept -6.353 0 

floor 0.917 1.09 

bedroom 0.554 1.805 

dis_MTR 0.711 1.406 

dis_seashore 0.387 2.582 

area 0.388 2.575 

age 0.581 1.722 

visualscale 0.799 1.251 

complexity 0.465 2.151 

coherence 0.151 6.624 

disturbance 0.431 2.318 

imageability 0.596 1.679 

ephemera 0.295 3.391 

naturalness 0.112 8.963 

historicity 0.377 2.651 

Among these eight indicators for measuring urban landscape visual quality, visual scale, 

coherence, ephemera, naturalness and historicity were found to positively affect the 

apartment price, while complexity, disturbance and imageability were found to have 

negative impacts. This finding is consistent with the results of the landscape preference 
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prediction model in Chapter 6. The significance of coefficients of naturalness and 

ephemera indicated that consumers prefer natural elements like mountains, vegetation 

and sea, especially the latter one which is an important part of the natural landscape in 

Hong Kong. The significance of coefficients of disturbance emphasized the dislike of 

obstructed features such as railways, streets and roads. Contrary to expectations, 

imageability, which was measured by the viewshed size of landmarks, had an adverse 

impact on the housing price. The reason might be the selection of the landmark, which 

in this case was Heng Fa Paradise, a small shopping mall. 

8.4 Comparative Analysis 

To verify the effectiveness of the proposed 3D GIS-based valuation system, a 

comparative analysis was conducted by comparing the performance of the proposed 

system with the conventional methods. The two conventional methods used were the 

dummy variables method and the 3D GIS-based visibility measurement method. For 

the first method, three dummy variables were constructed, namely GreenSpace, 

Mountain, and Sea. For the second method, three variables including View_Green, 

View_Mountain, and View_Sea were constructed based on the 3D city model provided 

by the Lands Department and using standard viewshed analysis. 

Table 8.7 summarizes the results of using hedonic regression analysis based on the 

conventional methods of dummy variables (Method One) and visibility measurement 

(Method Two) to quantify the view of property units. Before comparing the 

performances of these three methods, the coefficient of age in Model Two is found 

positive, which is contrary to the expectation. Correlation analysis was conducted to 

test whether variables in Model Two were highly and significantly correlated. Table 
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8.8 presents the results. One notable finding is that the correlation coefficient between 

Sea and Age is -0.606 which is significant at the 0.05 level, indicating that Sea and Age 

are significantly and highly correlated. There exists the interaction effect between Sea 

and Age. Model Two should be revised considering such an interaction effect between 

Sea and Age. 

Table 8.7 Results of Hedonic Analysis Based on Conventional Methods to Measure View 

 Model One: Dummy Variables Model Two: Visibility Measurement 

 Coefficients t Stat P-value Coefficients t Stat P-value 

Intercept -1.33254 -7.35814 1.04E-12 -1.27405994 -7.104159 5.47E-12 

ln floor 0.027946 4.388002 1.46E-05 0.028122377 4.4617447 1.05E-05 

ln bedroom 0.02302 1.96652 0.049919 0.025520033 2.1988655 0.028451 

ln dis_MTR 0.009666 0.94541 0.345014 0.011792256 1.1567839 0.248041 

ln dis_seashore -0.03103 -4.08672 5.27E-05 -0.02574021 -3.335952 0.000928 

ln area 1.093764 30.4733 5.7E-107 1.08053541 30.073348 2.4E-105 

ln age -0.83058 -7.53859 3.13E-13 0.806807822 7.4422586 5.97E-13 

GreenSpace 0.014928 2.08212 0.037957    

Sea 0.009075 3.80373 0.000164    

Mountain -0.01183 -2.26993 0.023735    

ln ViewGreen    0.001820209 0.6660113 0.505782 

ln ViewSea    0.002180868 2.2552926 0.024647 

ln 

ViewMountain 
   -0.00372531 -3.5311014 0.000461 

Adjusted R 

Square 
0.819228 0.838639 
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Table 8.8 Results of Correlation Analysis for Model Two 

 floor bedroom dis_MTR dis_seashore area age mountain sea green 

floor 1         
bedroom -0.082 1        
dis_MTR 0.046 0.017 1       

dis_seashore 0.176** -0.254** 0.101* 1      
area 0.021 0.239** -0.02 -0.207 1     
age 0.062 -0.219** 0.045 0.230** -0.309** 1    

mountain 0.077 -0.122* 0.181** 0.260** -0.160** 0.223** 1   
sea -0.031 0.189** 0.076 -0.301** 0.218** 0.606* 0.022 1  

green -0.082 0.180** -0.063 -0.305** 0.301** -0.230** -0.017 0.208** 1 

Note: **, correlation is significant at the 0.01 level; *, correlation is significant at the 0.05 level. 
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The interaction effect between Age and Sea was considered by including Variable 

Age*Sea in Model Two. Table 8.9 summarizes the results. The coefficient of Variable 

Interaction_sea*age is significantly positive which indicates that sea view could 

decrease the impact of the human dislike of building age on housing prices. 

Table 8.9 Revised Results of Hedonic Analysis Based on Conventional Methods to Measure View 

 Model One: Dummy Variables 
Revised Model Two: Visibility 

Measurement 

 Coefficients t Stat P-value Coefficients t Stat P-value 

Intercept -1.333 -7.358 0.000 -1.697 -6.011 0.000 

ln floor 0.028 4.388 0.000 0.029 4.560 0.000 

ln bedroom 0.023 1.967 0.050 0.025 0.922 0.357 

ln dis_MTR 0.010 0.945 0.345 0.012 1.222 0.222 

ln dis_seashore -0.031 -4.087 0.000 -0.025 -3.177 0.002 

ln area 1.094 30.473 0.000 1.077 30.060 0.000 

ln age -0.831 -7.539 0.000 -1.102 -5.897 0.000 

GreenSpace 0.015 2.082 0.038 
   

Sea 0.009 3.804 0.000 
   

Mountain -0.012 -2.270 0.024 
   

ln ViewGreen 
   

0.003 1.160 0.247 

ln ViewSea 
   

0.053 1.975 0.049 

ln ViewMountain 

   

-0.001 -3.671 0.000 

Interaction_sea*age 

   

0.037 1.934 0.054 

Adjusted R Square 0.819228 0.84986 

Comparative analysis was conducted from three aspects:  

(1) Comparison between the explanation powers and errors of Method One, Method 

Two, and the Proposed Method; 
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(2) Comparison between the estimated coefficients of Method One, Method Two, and 

the Proposed Method;  

(3) Comparison between the results of ratio analysis of Method One, Method Two, and 

the Proposed Method. 

By using 416 observations, Method One (using dummy variables to measure view) 

explained 81.92% of the variations of apartment prices, while Revised Method Two 

( depending on 3D city model to conduct visibility measurement) explained 84.98% of 

the variations. The proposed valuation system in this study, which depended on an 

integrated 3D modeling approach to generate 3D city models in greater detail and used 

an extended framework to measure the view of property units, explained 89.23%. 

Three Vuong tests (Vuong, Q., 1989) were conducted to compare these three models 

fit to the same sample data with the null hypothesis that both models are equally distant 

from the true model. Table 8.10 summarizes the results of the Vuong tests. The results 

reject the null hypothesis and indicate significant differences between these three 

models. The positive large Vuong statistics values and corresponding small p-values 

indicate that the model based the proposed method is closer to the true model, compared 

with Model Two and Model One. 

Table 8.10 Results of Vuong Tests 

 Vuong Statistics P Value Preferred Model 

Method Two VS Model One 3.6405 0.0003 Model Two 

Proposed Model VS Model One 4.1828 0.0000 Proposed Model 

Proposed Model VS Model Two 2.334 0.0196 Proposed Model 

The only difference between these three models was the different instrumental variables 

for measuring visual factors. Therefore, an obvious advantage of the proposed 3D GIS-
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based valuation system is that it increases its explanation power and prediction power 

by improving the measurement accuracy of visual factors. 

As for comparing the estimated coefficients based the three methods, differences were 

mainly found in variables including dis_seashore and instrumental variables for visual 

factors. In Model One and Revised Model Two, the coefficient of distance to seashore 

was significantly negative. However, after including more complex instrumental 

variables to explain the effect of landscape visual quality, the coefficient of distance to 

seashore was no longer significant (see Table 8.5). Also, the coefficient of Mountain in 

Model One, and the coefficient of MountainView in Revised Model Two, were both 

significantly negative, which was contrary to expectations. Mountain view offers nature 

content and ecosystem services, which should be regarded as a benefit to residents. In 

fact, in the model generated by the proposed system the coefficient of naturalness and 

the coefficient of ephemera were both significantly positive. These two notable findings 

indicate that measurement or data inaccuracy will not only cause biases on coefficients 

of the variables themselves but also on coefficients of the variables they are correlated 

with. Both of them cause the estimated model to produce biases and make inaccurate 

predictions. 

To follow the IAAO standards, ratio studies were also carried out to validate the 

proposed 3D GIS-based valuation system. According to the standard of IAAO (2014), 

the following three ratios are critical to ensuring accurate and uniform values: the 

median ratio (MR), the coefficient of dispersion (COD) ratio, and the price-related 

differential (PRD) ratio. The median ratio is an important measure related to value level, 

which relates to the overall or general level of capital or rental values of a jurisdiction 

and various property classes and groups within the jurisdiction. The median ratio should 
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be between 0.90 and 1.10. The COD, representing the average percentage deviation 

from the median ratio, relates to value uniformity. It is important to ensure properties 

are appraised at similar percentages of market value and that value levels are consistent 

among neighborhoods. Five steps were taken to calculate the COD: subtracting the 

median from each ratio, taking the absolute value of the calculated differences, 

summing the absolute differences, dividing the sum by the number of ratios to obtain 

the average absolute deviation, and dividing by the median. As for the condominiums, 

CODs of 5 to 10 for newer or fairly similar residences and 5 to 15 for older or more 

heterogeneous areas are recommended. The PRD deals with the assessment equity 

between lower and higher value properties, which provides a simple gauge of price-

related bias. This measure, which is calculated by dividing the mean ratio by the 

weighted mean ratio, should be between 0.98 and 1.03. Table 8.11 summarized the 

results of ratio analysis. From Table 8.11, it can be concluded that the proposed system, 

which has the lowest mean ratio, the lowest COD and the lowest PRD, performed better 

than the two conventional methods. 

Table 8.11 Results of Ratio Analysis 

 Mean ratio COD PRD 

Proposed System 1.000286 6.771086 1.00357 

Method One: Dummy Variables 1.003803 7.245016 1.007928 

Method Two: Visibility Measurement 1.001003 7.20501 1.004462 

8.5 Summary of the Chapter 

This chapter verified the reliability of the proposed 3D GIS-based valuation system in 

residential property valuation cases. An empirical study was conducted to validate the 

feasibility of the proposed system. Results show that the developed 3D GIS-based 
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system is capable of providing accurate real estate valuations, explaining 89.23% of the 

variations in housing prices. In addition, comparative analysis was implemented to 

examine the reliability and effectiveness of the proposed system. By comparing the 

performance of the proposed system with two conventional methods, the results show 

that the proposed system, which is capable of improving the measurement accuracy of 

visual factors, has higher explanation powers, less prediction/valuation errors, and 

better performance in ratios of accuracy and uniformity. 
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Chapter 9 Conclusions 

9.1 Introduction 

This chapter summarizes the key research findings and suggests future research 

directions based on the limitations of this study. The research aim and objectives are 

first reviewed to examine whether they have been realized. The key research findings 

are then summarized and the contributions to the existing body of knowledge are 

concluded. Finally, the study's limitations and future research directions are discussed. 

9.2 Review of Research Aim and Objectives 

The importance of accurate and reliable real estate valuations cannot be 

overemphasized, not only from the perspective of governments but also from the 

perspective of individuals. Real estate valuation accuracy heavily relies on the accuracy 

of input data and valuation methods. Compared with significant improvements in 

valuation methods such as ANN, Fuzzy Logic, and Random Forest, improvements on 

the accuracy of property related data remains inadequate. With regard to the valuation 

of residential properties, which account for a large proportion of the real estate market, 

the biggest concern is over the accuracy of subjective input data that are not easily 

quantifiable. 

Previous studies mainly employed dummy variables and viewshed as the instrumental 

variables to describe the quality of the view. However, these measures are prone to 

measurement errors (Steven C Bourassa et al., 2004), resulting in the inaccuracy of 

input data. Although quantifying view is the most important visual subjective 
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characteristic data from the perspective of view quality, few studies have investigated 

how to improve its accuracy. Previous related studies used 3D modeling techniques to 

generate 3D city models and conduct viewshed analysis, but most of them failed to 

describe the texture information of buildings and the distribution of vegetation and 

other obstacles, which significantly affect the credibility of the results of viewshed 

analysis. Therefore, how to model reality to meet the level of detail (LoD) requirement 

of 3D city models for valuation purposes still remains unexplored. 

The aim of this research was to examine whether the valuation accuracy of residential 

property can be improved by using an integrated modeling approach to generate a 3D 

city model based on a geographic information system (GIS) to measure scenic view 

from the perspective of landscape visual quality, and from that to create a new 3D GIS-

based valuation system. 

The specific objectives of this research were to: 

(1) Generate 3D city models with sufficient detail to meet the level of detail (LoD) 

required for real estate valuation purposes. 

(2) Propose a framework to support the assessment of landscape visual quality in urban 

settings. 

(3) Develop a 3D GIS-based valuation system for assessing scenic view in residential 

property valuations. 

(4) Verify and validate the relialibity and effectiveness of the proposed 3D GIS-based 

valuation system in a real case. 

Chapter 2 and Chapter 3 reviewed the relevant literature in order to provide the 

theoretical foundation and solid reference for the study's in-depth analysis. Chapter 2 
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investigated the state-of-the-art methods of measuring view for real estate valuation 

purposes. Chapter 3 reviewed the existing landscape preference assessment theories 

and methods, and related limitations. To achieve Objective 1, Chapter 5 proposed the 

LoD requirement of 3D city models for real estate valuation purposes and integrated 

the UAV photogrammetric modeling approach and the procedural modeling approach. 

To achieve Objective 2, a framework was extended in Chapter 6 to support urban 

landscape visual quality assessment based on the generated 3D city models in Chapter 

5. To achieve Objective 3, a 3D GIS-based valuation system was proposed in Chapter 

7 based on Objective 1 and Objective 2. To achieve Objective 4, Chapter 8 conducted 

empirical analysis and comparative analysis to further verify the feasibility, the 

reliability and the effectiveness of the proposed 3D GIS-based system. 

9.3 Summary of Research Findings 

9.3.1 Findings from the Literature Review 

The literature review provides an insight into the difficulties and gaps in the research 

relating to decreasing measurement errors of scenic view for real estate valuation 

purposes. 

(1) There is a lack of a scientific approach to measuring scenic view for real estate 

valuation. Conventional instrumental variables like viewsheds refer to the measure of 

the extent to which an intervention may be seen from the surrounding area from selected 

viewpoints. However, a view means not only what is visible but also a broader 

philosophical and psychological conception. That is, human perception of landscape 

depends not only on the sum total of motivation for preference but also a general 
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understanding of the landscape. Differences can be expected in patch topology, size and 

shape, which indicates that visibility is necessary but insufficient. 

(2) A more comprehensive framework for assessing urban landscape visual quality is 

needed. Existing frameworks for assessing landscape visual quality have been 

developed mainly in natural and rural settings where natural landscape elements such 

as vegetation, water and other natural features account for a large proportion, with 

limited consideration of built features such as buildings and roads that are inevitable 

components of urban scenes. Sky and depth of view, which are found to be important 

factors affecting landscape preference, are usually overlooked. 

(3) Simply depending on one existing 3D modeling approach, such as the LiDAR 

approach, fails to describe enough details of the real world and is of high cost and lacks 

the texture information of buildings. Almost all the current studies fail to accurately 

describe the real obstacles such as buildings and vegetation and do not accurately locate 

the observation points. 

9.3.2 Findings from 3D City Modeling for Residential Property 

Valuation  

To generate a 3D city model with sufficient details for real estate valuation, an 

integrated 3D modeling approach was proposed. The key findings are as follows: 

(1) LoD4, which completed a LoD3 model by including interior walls for buildings, is 

required when modeling for residential property mass appraisal purposes. 

(2) Integration of the UAV photogrammetric modeling approach and the procedural 

modeling approach produces 3D city models with photo-realistic textures as well as 
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interior features, and offers a feasible and effective system for improving the accuracy 

of the input data for further viewshed analysis.  

(3) The accuracy assessment shows that the UAV modeling approach, as the source of 

inaccuracy of the proposed integrated approach, provides both the horizontal error and 

the vertical error of around 30 cm, which is satisfactory considering the purposes of 

residential property valuation. 

9.3.3 Findings from Landscape Visual Quality Assessment in Urban 

Setting 

To improve the accuracy of measuring scenic view, a framework for assessing urban 

landscape visual quality was extended based on the existing VisuLands framework. The 

key findings are as follows: 

(1) The proposed extended framework, assisted with the fuzzy viewshed analysis, 

succeeded in measuring eight visual quality indicators of assessing landscape visual 

quality with consideration of another two important factors, namely sky and depth of 

view. 

(2) Among the eight visual quality indicators, coherence, naturalness, visual scale, and 

historicity had positive impacts on landscape preference, while complexity, disturbance, 

and ephemera had negative impacts. In other words, humans prefer landscapes that have 

more natural landscape elements and historical elements, larger visual scale, and are 

more coherent, less complex, less disturbed, and less seasonally changeable. Another 

notable finding was that differences between the coefficients of naturalness and 
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ephemera indicate that compared with small hills and vegetation, human prefer water 

bodies like the sea. 

(3) By using regression analysis to estimate the relationship between the human scores 

and the scores predicted by the Elatistic Net model, the coefficient of the human score 

was 0.941 with 95% confidence bonds between 0.8376 and 1.044, indicating that there 

was no significant difference between 1 and the coefficient of the human score. The 

intercept was estimated at 0.4404 with 95% confidence bonds between -0.1928 and 

1.07, which also found no significant difference between 0 and the intercept. These 

findings support the two hypotheses and further validate the effectiveness of the 

proposed framework to assess urban landscape visual quality and urban landscape 

preference. 

9.3.4 Findings from Validation of 3D GIS-based Valuation System 

To determine whether the proposed 3D GIS-based valuation system can improve the 

accuracy of measuring subjective visual factors to further improve the valuation 

accuracy of residential properties valuation, a real case study was conducted. The key 

findings are as follows: 

(1) Among the eight indicators for measuring urban landscape visual quality, visual 

scale, coherence, ephemera, naturalness and historicity were found to positively affect 

the apartment price, while complexity, disturbance and imageability were found to have 

negative impacts. This is consistent with the results of the landscape preference 

prediction model. 
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(2) A comparison of the explanative power of the proposed 3D GIS-based valuation 

system with conventional methods revealed that the proposed system, which generates 

more detailed 3D city models and uses an extended framework to measure view of 

property units, explained 89.23% of the variations of apartment prices, while Method 

One, using dummy variables to measure view, explained 81.92% and Method Two, 

depending on a conventional 3D city model to conduct visibility measurement, 

explained 83.86% of the variations. 

(3) By comparing the estimated coefficients of the proposed 3D GIS-based valuation 

system and the two conventional methods, differences were found in dis_seashore and 

instrumental variables for visual factors. By comparing these coefficients with 

theoretical expectations, it was concluded that measurement or data inaccuracies would 

not only cause a bias on coefficients of the variables themselves but also on coefficients 

of the variables they are correlated with; both of which would cause the entire estimated 

model to produce bias and make inaccurate predictions. 

(4) By conducting ratio analysis, it was concluded that the proposed 3D GIS-based 

valuation system, which has the lowest mean ratio, the lowest COD, and the lowest 

PRD, performed better than the two conventional methods. 
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9.4 Contributions of the Research 

9.4.1 Contributions to Knowledge 

This study made original contributions to the knowledge of improving the accuracy of 

measuring visual factors to enhance the accuracy of residential property valuation in 

several aspects. 

This study first integrated the UAV photogrammetric modeling approach with the 

procedural modeling approach to generate a 3D city model with sufficient detail. The 

generated 3D city model, with LoD4, is beneficial for improving the accuracy of Digital 

Surface Model and improving the accuracy of locating observation points. These two 

improvements can increase the reliability and the credibility of conducting spatial 

analysis based the generated 3D city model. 

This study made an original contribution to measuring scenic view from the perspective 

of human urban landscape visual quality based on an extended framework. Previous 

studies mainly use dummy variables and GIS-based visibility measurement to quantify 

scenic view for real estate valuation. However, scenic view means not only what is 

visible but also a broader philosophical and psychological conception, which indicates 

that visibility is necessary but insufficient. Results of visibility analysis should still be 

considered with caution as these measures are prone to measurement errors.  

To measure the scenic view in a more accurate approach, this study first introduced the 

VisuLands Framework and extended the framework to support the assessment of urban 

landscape visual quality. The extended framework yields insights into the factors of 
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human urban landscape preference. By conducting a real case study, the 3D GIS-based 

valuation system proposed by this study, which relied on an integrated 3D modeling 

approach and an extended framework for assessing urban landscape preference had a 

much better performance than the conventional methods, achieving greater prediction 

accuracy, lower errors and bias, and higher uniformity. 

9.4.2 Contributions to Practice 

This study proposed a 3D GIS-based valuation system to improve the accuracy of 

measuring visual factors to improve the accuracy of residential property valuations. The 

system contributes to the real estate industry in many respects. 

The entire industry will benefit from significant improvements in valuation accuracy, 

particularly from improvements in the accuracy of measuring property related 

subjective characteristics that are not easily quantifiable. 

Private valuation agencies and public valuation institutes will benefit from significant 

savings in valuation costs, fuel, repairs, drive time, paper, ink, scanner and printers, 

since this system can automatically and objectively quantify 3D visual factors and 

reduce the need for sending appraisers to the field to conduct physical inspections. They 

can also benefit from the powerful visualization function offered by this system, which 

can recreate views to support their assessed results. More importantly, the proposed 3D 

GIS-based valuation system will improve the accuracy of subjective visual factors, 

which are not easily quantifiable, and consequently improve the accuracy of valuation 

results. 
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For real estate developers, the 3D city model will provide an easily referenced and 

accessible source of archive data for them to take advantage of opportunities to 

specialize in the renovation of historic properties. The 3D city model can assist in the 

assessment of development applications of new buildings, enabling accurate 

overshadowing, overlooking, and simulation of how the building will look within the 

city context. The system will also allow developers to offer clients a high-definition 

perspective of the house and neighborhood as well as an indoor tour of the home, which 

would be an impressive viewing experience for both customers and realtors. 

Commercial banks and insurance companies will find the 3D GIS-based valuation 

system very useful when making determinations about properties and rates for their 

clients; they will benefit from the powerful visualization and quantification abilities of 

the system. The system will also be of assistance for validating private appraisals. 

In summary, the proposed 3D GIS-based valuation system provides an effective tool 

for stakeholders with functions such as visualization and spatial analysis, and can 

improve the accuracy of visual factors to improve the accuracy of valuation results. 

9.5 Limitations of the Research 

Despite the theoretical and practical contributions to existing studies, this research was 

still subject to a number of limitations. 

First, the imagery data captured for UAV photogrammetric modeling were limited. The 

UAV for photogrammetric modeling of the case study only flew two routes, while the 

ideal suggested by Altizure, an APP developed by Hong Kong University, is five routes. 

The practical reason for this was that the case study selected for modeling comprised 
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multi-story buildings, where the UAV was likely to lose its signal and the operator 

therefore to lose control. The solution to this would be to select a suitable point of 

departure such as the top of buildings so that contact with the UAV could always be 

maintained. More imagery data for UAV photogrammetric modeling should have been 

captured to improve the resolution of the reconstructed 3D model. 

Second, the proposed framework for assessing urban landscape visual quality was 

modified and extended based on the VisuLands Framework for assessing rural 

landscape visual quality. Although this study conducted a questionnaire survey to 

validate the proposed framework from an empirical perspective, it nevertheless lacked 

support from relevant experts. 

Third, the important concept of stewardship is overlooked in the proposed framework 

because of the difficulty of measuring it. However, stewardship is an important 

component of the entire framework as it refers to the sense of order and human care 

through active management. It should have been taken into consideration and future 

related research should propose instrumental variables for this concept. 

Fourth, the data used to validate the 3D GIS-based valuation system is limited. This 

study only conducted one real case study and mainly focused on the environmental 

amenities that would benefit the residents and have a positive impact on housing prices. 

Environmental disamenities and contamination such as cemeteries, construction sites, 

brownfields and polluted water bodies, as other typical landscape views, are still quite 

common. Whether the proposed 3D GIS-based valuation system can succeed in 

assisting measuring views under such circumstances commands further investigation. 
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9.6 Future Research 

To build upon this research, further studies related to the proposed 3D GIS-based 

valuation system of measuring scenic view for residential property valuations are 

suggested as follows.  

1. Additional case studies should be conducted to refine and promote the adaptability 

of the 3D GIS-based valuation system. 

2. More advanced UAV equipment can be applied to more effectively collect data for 

processing and analysis. For example, eBee, a professional mapping drone by senseFly, 

can be adopted to achieve higher accuracy of down to 3 cm and larger coverage (up 

to	40	$%&) with a maximum flight time of 59 minutes.  

3. Additional interviews with experts should be conducted to further validate the 

proposed framework for assessing urban landscape visual quality.  

4. Instrumental variables of stewardship, as one important visual concept, should be 

considered for a more in-depth assessment of urban landscape visual quality. Detailed 

analysis of building profiles can be one of the directions. 

5. Instead of a “system”, a platform should be developed to integrate the generated 3D 

city model and the proposed framework for assessing urban landscape visual quality. 



 

140 

 

Appendix I: Comparison of Reference Data and Test Data 

Point No. 

WSG 1984 HK 1980 GRID 
Error 

Reference  Reference  Test 

Latitude Longitude Height Easting Northing Height Easting Northing Height △Easting △Northing △Height 

1 22.27898 114.2391 21 842685.9 815569.8 21 842685.8 815569.7 20.696 0.056 0.042 0.304 

2 22.27905 114.2394 22 842716.7 815577.6 22 842716.3 815577.5 21.63 0.337 0.061 0.37 

3 22.27911 114.24 23 842778.5 815584.1 23 842778.5 815583.7 23.327 0.011 0.342 -0.327 

4 22.27907 114.24 23 842778.6 815579.8 23 842778.6 815579.6 23.39 -0.026 0.124 -0.39 

5 22.27883 114.2407 17 842845.1 815553.1 17 842845.3 815552.7 16.655 -0.154 0.341 0.345 

6 22.27896 114.2404 19 842818.9 815567.1 19 842819 815566.8 18.75 -0.128 0.259 0.25 

7 22.27853 114.2408 16 842851.6 815519.7 16 842851.8 815519.9 15.841 -0.23 -0.226 0.159 

8 22.27849 114.2405 16 842828.3 815515.6 16 842828.5 815515.7 16.342 -0.285 -0.093 -0.342 

9 22.27873 114.2402 20 842793.3 815542 20 842792.9 815541.8 20.245 0.378 0.228 -0.245 

10 22.27882 114.2403 20 842807.9 815551.7 20 842807.8 815551.4 20.387 0.155 0.219 -0.387 

11 22.27875 114.24 21 842777.2 815543.9 21 842777.2 815543.7 20.998 -0.028 0.17 0.002 

12 22.27871 114.24 21 842777.2 815539.3 21 842777.2 815539.4 21.394 0.006 -0.131 -0.394 

13 22.27867 114.2397 21 842745 815535.2 21 842745.1 815535.1 20.993 -0.136 0.182 0.007 

14 22.2786 114.2398 20 842753.5 815527.1 20 842753.5 815527.5 19.682 0.063 -0.313 0.318 

15 22.2784 114.2402 17 842793.7 815504.8 17 842793.5 815504.9 17.287 0.165 -0.107 -0.287 
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16 22.27843 114.2403 16 842808.2 815508.1 16 842807.9 815508.1 15.751 0.212 0.011 0.249 

17 22.27847 114.2401 18 842785 815513.1 18 842784.7 815512.9 18.205 0.265 0.274 -0.205 

18 22.27854 114.2404 17 842815.8 815520.7 17 842816 815520.6 17.262 -0.167 0.071 -0.262 

19 22.27809 114.2398 17 842757.9 815470.7 17 842758 815471 17.381 -0.102 -0.315 -0.381 

20 22.27807 114.2398 17 842750.4 815469 17 842750.6 815468.8 16.828 -0.159 0.207 0.172 

21 22.27812 114.2404 14 842811.7 815474.5 14 842811.7 815474.7 14.091 0.044 -0.172 -0.091 

22 22.27807 114.2407 13 842843.2 815469 13 842843.4 815468.8 13.187 -0.237 0.191 -0.187 

23 22.278 114.2404 14 842810.4 815460.9 14 842810.1 815461 14.422 0.329 -0.112 -0.422 

24 22.27854 114.2393 21 842703.9 815521 21 842704 815521.2 20.671 -0.072 -0.265 0.329 

25 22.27854 114.2392 21 842695.3 815520.4 21 842695.2 815520.3 20.641 0.077 0.136 0.359 

26 22.27848 114.2391 21 842678.4 815514.3 21 842678.3 815514.4 21.22 0.161 -0.075 -0.22 

27 22.27876 114.2395 22 842722.8 815545.5 22 842722.6 815545.8 22.282 0.226 -0.268 -0.282 

28 22.27759 114.2402 13 842796.6 815415.8 13 842796.3 815415.5 12.734 0.332 0.272 0.266 

29 22.27755 114.2402 13 842796.7 815411.3 13 842796.6 815411.2 12.836 0.093 0.064 0.164 

30 22.27779 114.24 15 842773.6 815437.6 15 842773.7 815437.6 14.865 -0.055 0.041 0.135 

31 22.27786 114.2403 13 842805.5 815445.2 13 842805.5 815445.4 12.57 -0.054 -0.218 0.43 

32 22.27783 114.2402 14 842790.8 815441.9 14 842790.6 815441.8 13.819 0.177 0.057 0.181 

33 22.27778 114.2408 14 842855.6 815436.9 14 842855.3 815436.8 14.307 0.327 0.126 -0.307 

34 22.27774 114.2408 14 842855.6 815436.9 14 842855.5 815437.2 14.494 0.096 -0.254 -0.494 

35 22.27782 114.2407 12 842846.8 815440.6 12 842846.8 815440.6 11.568 0.04 0.001 0.432 

36 22.27794 114.241 18 842876 815454.7 18 842876.1 815454.8 17.888 -0.034 -0.166 0.112 
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37 22.27776 114.241 17 842872.6 815434.7 17 842872.9 815434.9 17.345 -0.247 -0.205 -0.345 

38 22.2775 114.2409 14 842863.7 815405.3 14 842863.4 815405.3 13.959 0.344 0.016 0.041 

39 22.27753 114.2408 13 842855 815409.1 13 842855 815409.1 13.475 -0.049 0.009 -0.475 

40 22.27749 114.2408 13 842855 815404.6 13 842854.8 815404.5 13.258 0.167 0.041 -0.258 

41 22.27722 114.2411 18 842885.3 815374.2 18 842884.9 815374.1 17.998 0.369 0.167 0.002 

42 22.27722 114.2409 15 842862.2 815374.5 15 842862.3 815374.3 14.697 -0.152 0.167 0.303 

43 22.27719 114.2409 16 842870.8 815370.9 16 842870.7 815371 15.603 0.035 -0.084 0.397 

44 22.27718 114.2409 16 842862.2 815370.2 16 842862.4 815370.5 16.493 -0.178 -0.289 -0.493 

45 22.27734 114.2408 14 842858.9 815388.1 14 842859 815388.4 13.74 -0.048 -0.313 0.26 

46 22.2773 114.2408 14 842858.9 815383.5 14 842858.6 815383.2 13.515 0.346 0.279 0.485 

47 22.27729 114.2412 19 842893 815382.2 19 842893.3 815382.1 19.018 -0.21 0.061 -0.018 

48 22.27712 114.2408 15 842856.3 815363.8 15 842856.2 815363.8 14.82 0.112 0.012 0.18 

49 22.27709 114.2407 14 842841.7 815360.7 14 842841.9 815360.6 14.045 -0.157 0.1 -0.045 

50 22.27659 114.2407 16 842845.2 815304.9 16 842844.9 815305 15.838 0.309 -0.059 0.162 

51 22.27661 114.2408 16 842852.4 815306.9 16 842852.6 815307 15.56 -0.207 -0.089 0.44 

52 22.27659 114.2409 17 842868.3 815304.8 17 842868.1 815304.8 16.987 0.115 -0.046 0.013 

53 22.27666 114.241 17 842875.9 815312.7 17 842875.9 815312.5 16.524 -0.057 0.209 0.476 

54 22.2758 114.2413 13 842907.5 815217.8 13 842907.7 815217.9 12.575 -0.231 -0.12 0.425 

55 22.27579 114.2412 13 842900.3 815216.2 13 842900.2 815216.2 12.647 0.069 -0.01 0.353 

56 22.27584 114.2412 14 842898.8 815222.3 14 842898.6 815222.5 14.283 0.271 -0.148 -0.283 

57 22.27574 114.2412 13 842900.2 815211.2 13 842899.9 815211.2 13.011 0.322 0.007 -0.011 
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58 22.27598 114.2415 13 842927.9 815237 13 842927.6 815237.2 12.633 0.242 -0.189 0.367 

59 22.27605 114.2412 15 842901.9 815245 15 842901.7 815245 14.754 0.191 -0.03 0.246 

60 22.276 114.2412 15 842901.8 815240 15 842901.9 815240.3 15.118 -0.098 -0.231 -0.118 

61 22.27608 114.2414 15 842916.2 815248.3 15 842915.8 815248 14.985 0.371 0.329 0.015 

62 22.27608 114.2412 15 842893.1 815248.8 15 842893 815248.7 14.536 0.091 0.131 0.464 

63 22.27684 114.239 19 842671.2 815332.7 19 842671.3 815332.9 18.602 -0.143 -0.184 0.398 

64 22.27681 114.239 19 842671.2 815329.3 19 842670.9 815329.2 18.585 0.297 0.117 0.415 

65 22.27682 114.239 19 842674 815330.1 19 842674.1 815330.3 18.636 -0.073 -0.199 0.364 

66 22.27672 114.239 19 842674.5 815319.5 19 842674.8 815319.4 18.601 -0.264 0.032 0.399 

67 22.27665 114.2391 19 842678.2 815311.4 19 842678.1 815311.6 18.622 0.099 -0.219 0.378 

68 22.27668 114.2391 19 842678.1 815314.9 19 842678 815315.2 18.635 0.105 -0.308 0.365 

69 22.27696 114.2388 20 842654.2 815345.3 20 842653.8 815345.2 20.305 0.307 0.124 -0.305 

70 22.27685 114.2387 20 842638.7 815333.1 20 842638.7 815332.8 20.149 0.052 0.314 -0.149 

71 22.27687 114.2386 20 842627.9 815335.5 20 842628.2 815335.5 19.973 -0.266 0.006 0.027 

72 22.27719 114.2386 20 842632.5 815371.6 20 842632.6 815371.8 20.031 -0.128 -0.225 -0.031 

73 22.27718 114.2387 20 842641.3 815369.5 20 842641.3 815369.5 20.091 -0.029 0.01 -0.091 

74 22.27757 114.2387 20 842635.5 815413.7 20 842635.2 815413.8 19.993 0.291 -0.042 0.007 

75 22.27754 114.2387 20 842635.6 815410.3 20 842635.2 815410.4 19.998 0.32 -0.132 0.002 

76 22.27812 114.2382 19 842586 815474.5 19 842585.9 815474.2 18.511 0.132 0.332 0.489 

77 22.27808 114.2382 20 842589.5 815469.8 20 842589.5 815470.1 20.442 0.029 -0.242 -0.442 

78 22.27815 114.2381 19 842574.2 815477.6 19 842574.5 815477.5 18.696 -0.284 0.136 0.304 



 

144 

 

79 22.27821 114.2381 19 842575.9 815484.6 19 842575.6 815485 18.734 0.285 -0.338 0.266 

80 22.27815 114.2378 19 842549.4 815477 19 842549.4 815476.8 18.58 0.049 0.253 0.42 

81 22.27806 114.2379 19 842554.1 815467.9 19 842553.8 815467.8 18.666 0.306 0.061 0.334 

82 22.27809 114.2379 19 842554.1 815471.2 19 842554.2 815471 18.706 -0.058 0.22 0.294 

83 22.27812 114.2378 19 842549.4 815473.7 19 842549.6 815473.7 18.547 -0.231 0.001 0.453 

84 22.27785 114.238 20 842572.4 815443.7 20 842572.5 815443.9 20.368 -0.128 -0.148 -0.368 

85 22.27783 114.2381 20 842581.2 114.2381 20 842581.3 114.1101 20.293 -0.153 0.128 -0.293 

86 22.27733 114.238 21 842563.4 815387 21 842563.1 815387.3 21.215 0.25 -0.23 -0.215 

87 22.27736 114.238 21 842563.4 815390.4 21 842563.1 815390.5 21.335 0.303 -0.174 -0.335 

88 22.27738 114.2379 21 842554.8 815392.2 21 842555 815392.5 21.299 -0.285 -0.264 -0.299 

89 22.27725 114.2377 22 842537.8 815377.9 22 842538 815377.6 21.957 -0.16 0.282 0.043 

90 22.27737 114.2375 22 842518.7 815390.9 22 842518.6 815391.2 22.161 0.044 -0.324 -0.161 

91 22.27735 114.2376 22 842529.6 815388.7 22 842529.8 815388.9 22.328 -0.164 -0.217 -0.328 

92 22.27721 114.2377 23 842531.8 815373.4 23 842531.9 815373.4 23.413 -0.107 -0.09 -0.413 

93 22.27776 114.2379 20 842557.3 815434.2 20 842557.4 815434.2 20.339 -0.026 0.07 -0.339 

94 22.27773 114.2379 20 842557.3 815430.9 20 842557.1 815430.9 20.296 0.207 -0.018 -0.296 

95 22.27821 114.2375 21 842517.6 815483.7 21 842517.6 815483.8 21.341 0.093 -0.149 -0.341 

96 22.27818 114.2375 21 842517.7 815480.3 21 842517.5 815480.2 21.346 0.217 0.09 -0.346 

97 22.27805 114.2373 21 842495.8 815466.7 21 842495.5 815466.9 20.557 0.341 -0.121 0.443 

98 22.27812 114.2372 22 842487.6 815473.9 22 842487.3 815474.1 22.163 0.317 -0.16 -0.163 

99 22.2769 114.238 0 842569.9 815339.5 0 842570 815339.3 -0.09 -0.072 0.143 0.09 
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100 22.27685 114.2378 0 842544.2 815333.8 0 842543.9 815333.6 -0.1 0.279 0.211 0.1 
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Appendix II: Descriptive Results of Landscape Preference Survey 

 NO. 95 

NO. 

94 

NO. 

93 

NO. 

92 

NO. 

91 

NO. 

90 

NO. 

89 

NO. 

88 

NO. 

87 

NO. 

86 

NO. 

85 

NO. 

84 

NO. 

83 

NO. 

82 

NO. 

81 

NO. 

80 

NO. 

79 

NO. 

78 

NO. 

77 

Mean 5.37 5.4 5.3 5.23 5.18 5.14 5.1 5.17 5.23 5.2 5.15 5.1 5.32 5.29 5.05 5.07 5.17 5.15 5.1 

Standard 

Error 

0.0875

0873 

0.08

5101 

0.14

881 

0.10

1544 

0.11

3617 

0.13

355 

0.08

0498 

0.07

1227 

0.05

4037 

0.03

8528 

0.09

7502 

0.04

1015 

0.14

9696 

0.09

395 

0.06

8362 

0.10

4658 

0.08

3825 

0.05

9535 

0.07

7345 

Median 5.48 

5.36

5 

5.10

5 

5.35

5 

5.13

5 4.97 5.06 5.11 5.31 

5.23

5 

5.05

5 

5.10

5 

5.46

5 

5.20

5 

5.03

5 

5.13

5 

5.13

5 

5.12

5 

5.11

5 

Standard 

Deviation 

0.2767

26901 

0.26

9114 

0.47

0579 

0.32

1109 

0.35

9289 

0.42

2322 

0.25

4558 

0.22

5241 

0.17

088 

0.12

1838 

0.30

8329 

0.12

9701 

0.47

338 

0.29

7097 

0.21

6179 

0.33

0958 

0.26

5079 

0.18

8267 

0.24

4586 

Sample 

Variance 

0.0765

77778 

0.07

2422 

0.22

1444 

0.10

3111 

0.12

9089 

0.17

8356 

0.06

48 

0.05

0733 

0.02

92 

0.01

4844 

0.09

5067 

0.01

6822 

0.22

4089 

0.08

8267 

0.04

6733 

0.10

9533 

0.07

0267 

0.03

5444 

0.05

9822 

Range 0.9 0.82 1.53 1.07 1.24 1.34 0.86 0.57 0.49 0.4 1.03 0.41 1.55 0.98 0.66 1.11 0.87 0.52 0.77 

Minimum 4.71 5.1 5 4.45 4.89 4.85 4.81 4.89 4.93 4.98 4.85 4.86 4.05 5 4.76 4.25 4.89 4.91 4.8 

Maximum 5.61 5.92 6.53 5.52 6.13 6.19 5.67 5.46 5.42 5.38 5.88 5.27 5.6 5.98 5.42 5.36 5.76 5.43 5.57 

Sum 53.7 54 53 52.3 51.8 51.4 51 51.7 52.3 52 51.5 51 53.2 52.9 50.5 50.7 51.7 51.5 51 

Count 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Confidence 

Level(95.0%) 

0.1979

585 

0.19

2512 

0.33

6632 

0.22

9708 

0.25

702 

0.30

2111 

0.18

21 

0.16

1127 

0.12

224 

0.08

7157 

0.22

0565 

0.09

2782 

0.33

8636 

0.21

253 

0.15

4645 

0.23

6753 

0.18

9626 

0.13

4678 

0.17

4966 
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 NO. 76 

NO. 

75 

NO. 

74 

NO. 

73 

NO. 

72 

NO. 

71 

NO. 

70 

NO. 

69 

NO. 

68 

NO. 

67 

NO. 

66 

NO. 

65 

NO. 

64 

NO. 

63 

NO. 

62 

NO. 

61 

NO. 

60 

NO. 

59 

NO. 

58 

Mean 5 5.8 6.26 6.3 6.24 6.25 6.2 4.5 4.5 4.5 4.6 5.3 5.4 5.5 5.6 5.85 5.9 6 5.8 

Standard 

Error 

0.0658

61808 

0.09

3202 

0.11

0262 

0.06

4326 

0.06

7905 

0.07

306 

0.04

9058 

0.07

0317 

0.06

5166 

0.06

8928 

0.07

0285 

0.07

7316 

0.13

7235 

0.06

0955 

0.08

8141 

0.06

7099 

0.09

4939 

0.06

4014 

0.10

9087 

Median 5.085 5.75 

6.10

5 

6.26

5 6.17 

6.25

5 

6.14

5 4.5 

4.48

5 4.45 

4.62

5 5.19 

5.52

5 5.5 5.55 5.87 

5.98

5 

5.92

5 

5.89

5 

Standard 

Deviation 

0.2082

73325 

0.29

4732 

0.34

868 

0.20

3415 

0.21

4735 

0.23

1036 

0.15

5134 

0.22

2361 

0.20

6074 

0.21

797 

0.22

2261 

0.24

4495 

0.43

3974 

0.19

2758 

0.27

8727 

0.21

2184 

0.30

0222 

0.20

243 

0.34

4964 

Sample 

Variance 

0.0433

77778 

0.08

6867 

0.12

1578 

0.04

1378 

0.04

6111 

0.05

3378 

0.02

4067 

0.04

9444 

0.04

2467 

0.04

7511 

0.04

94 

0.05

9778 

0.18

8333 

0.03

7156 

0.07

7689 

0.04

5022 

0.09

0133 

0.04

0978 

0.11

9 

Range 0.62 0.99 1.08 0.68 0.69 0.74 0.46 0.75 0.75 0.6 0.56 0.7 1.47 0.58 0.92 0.6 1.02 0.53 1.11 

Minimum 4.66 5.5 5.97 6.04 6.04 5.95 6.04 4.02 4.2 4.27 4.31 5.02 4.22 5.22 5.3 5.55 5.18 5.75 4.99 

Maximum 5.28 6.49 7.05 6.72 6.73 6.69 6.5 4.77 4.95 4.87 4.87 5.72 5.69 5.8 6.22 6.15 6.2 6.28 6.1 

Sum 50 58 62.6 63 62.4 62.5 62 45 45 45 46 53 54 55 56 58.5 59 60 58 

Count 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Confidence 

Level(95.0%) 

0.1489

89761 

0.21

0838 

0.24

9431 

0.14

5515 

0.15

3612 

0.16

5273 

0.11

0976 

0.15

9068 

0.14

7417 

0.15

5927 

0.15

8996 

0.17

4901 

0.31

0446 

0.13

7891 

0.19

9389 

0.15

1788 

0.21

4766 

0.14

4809 

0.24

6772 

 NO. 57 

NO. 

56 

NO. 

55 

NO. 

54 

NO. 

53 

NO. 

52 

NO. 

51 

NO. 

50 

NO. 

49 

NO. 

48 

NO. 

47 

NO. 

46 

NO. 

45 

NO. 

44 

NO. 

43 

NO. 

42 

NO. 

41 

NO. 

40 

NO. 

39 

Mean 5.42 5.4 5.39 5.33 5.29 5.3 5.31 5.29 5.38 5.35 5.26 5.25 5.24 5.3 5.2 5.5 5.5 5.88 5.78 
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Standard 

Error 

0.0927

12219 

0.04

5338 

0.07

1305 

0.06

8832 

0.07

2465 

0.07

9064 

0.05

0772 

0.06

7709 

0.05

5458 

0.05

6313 

0.09

7297 

0.05

7174 

0.06

1518 

0.10

8331 

0.06

9905 

0.07

4536 

0.06

9346 

0.06

2663 

0.05

8954 

Median 5.48 

5.33

5 5.31 

5.28

5 

5.33

5 

5.26

5 

5.25

5 

5.30

5 

5.33

5 

5.38

5 5.34 

5.26

5 5.28 5.4 5.18 5.55 

5.46

5 

5.88

5 5.81 

Standard 

Deviation 

0.2931

81779 

0.14

3372 

0.22

5487 

0.21

7664 

0.22

9153 

0.25

0022 

0.16

0555 

0.21

4113 

0.17

5373 

0.17

8076 

0.30

7679 

0.18

0801 

0.19

4536 

0.34

2572 

0.22

1058 

0.23

5702 

0.21

9292 

0.19

8158 

0.18

6428 

Sample 

Variance 

0.0859

55556 

0.02

0556 

0.05

0844 

0.04

7378 

0.05

2511 

0.06

2511 

0.02

5778 

0.04

5844 

0.03

0756 

0.03

1711 

0.09

4667 

0.03

2689 

0.03

7844 

0.11

7356 

0.04

8867 

0.05

5556 

0.04

8089 

0.03

9267 

0.03

4756 

Range 1.05 0.43 0.75 0.63 0.71 0.8 0.43 0.68 0.57 0.57 1.03 0.53 0.53 1.13 0.71 0.67 0.67 0.53 0.59 

Minimum 4.65 5.24 5.13 5 4.88 5 5.12 4.87 5.08 5.05 4.44 5 5 4.41 4.93 5.08 5.21 5.65 5.49 

Maximum 5.7 5.67 5.88 5.63 5.59 5.8 5.55 5.55 5.65 5.62 5.47 5.53 5.53 5.54 5.64 5.75 5.88 6.18 6.08 

Sum 54.2 54 53.9 53.3 52.9 53 53.1 52.9 53.8 53.5 52.6 52.5 52.4 53 52 55 55 58.8 57.8 

Count 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Confidence 

Level(95.0%) 

0.2097

2961 

0.10

2562 

0.16

1304 

0.15

5708 

0.16

3926 

0.17

8855 

0.11

4854 

0.15

3167 

0.12

5454 

0.12

7388 

0.22

0101 

0.12

9337 

0.13

9163 

0.24

5061 

0.15

8135 

0.16

8611 

0.15

6872 

0.14

1754 

0.13

3363 

 NO. 38 

NO. 

37 

NO. 

36 

NO. 

35 

NO. 

34 

NO. 

33 

NO. 

32 

NO. 

31 

NO. 

30 

NO. 

29 

NO. 

28 

NO. 

27 

NO. 

26 

NO. 

25 

NO. 

24 

NO. 

23 

NO. 

22 

NO. 

21 

NO. 

20 

Mean 5.7 5.8 6.2 6.4 7.33 7.35 7.32 7.32 7.26 7.28 7.36 7.35 7.35 7.25 7.2 7.15 7.1 7.2 7.4 

Standard 

Error 

0.0839

44426 

0.05

7927 

0.06

3561 

0.06

9666 

0.10

3247 

0.12

0876 

0.06

1046 

0.09

8736 

0.06

6783 

0.09

7217 

0.08

2246 

0.09

8353 

0.09

913 

0.09

1664 

0.12

013 

0.07

2049 

0.05

696 

0.06

4825 

0.05

9554 

Median 5.62 

5.78

5 

6.17

5 

6.40

5 

7.24

5 

7.42

5 

7.32

5 7.39 7.22 7.28 

7.31

5 7.45 

7.27

5 7.3 

7.29

5 

7.19

5 7.11 

7.16

5 7.37 
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Standard 

Deviation 

0.2654

55583 

0.18

3182 

0.20

0998 

0.22

0303 

0.32

6497 

0.38

2245 

0.19

3046 

0.31

2232 

0.21

1187 

0.30

7427 

0.26

0085 

0.31

102 

0.31

3475 

0.28

9866 

0.37

9883 

0.22

784 

0.18

0123 

0.20

4993 

0.18

8326 

Sample 

Variance 

0.0704

66667 

0.03

3556 

0.04

04 

0.04

8533 

0.10

66 

0.14

6111 

0.03

7267 

0.09

7489 

0.04

46 

0.09

4511 

0.06

7644 

0.09

6733 

0.09

8267 

0.08

4022 

0.14

4311 

0.05

1911 

0.03

2444 

0.04

2022 

0.03

5467 

Range 0.77 0.58 0.6 0.63 1.11 1.31 0.5 1.12 0.7 1.03 0.82 1.02 1.06 0.95 1.26 0.71 0.54 0.56 0.49 

Minimum 5.23 5.55 5.9 6.14 7.05 6.31 7.07 6.47 6.99 6.55 7.06 6.6 7.09 6.53 6.22 6.72 6.84 6.94 7.16 

Maximum 6 6.13 6.5 6.77 8.16 7.62 7.57 7.59 7.69 7.58 7.88 7.62 8.15 7.48 7.48 7.43 7.38 7.5 7.65 

Sum 57 58 62 64 73.3 73.5 73.2 73.2 72.6 72.8 73.6 73.5 73.5 72.5 72 71.5 71 72 74 

Count 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Confidence 

Level(95.0%) 

0.1898

95485 

0.13

104 

0.14

3785 

0.15

7595 

0.23

3562 

0.27

3441 

0.13

8097 

0.22

3357 

0.15

1074 

0.21

992 

0.18

6054 

0.22

249 

0.22

4247 

0.20

7358 

0.27

1752 

0.16

2987 

0.12

8853 

0.14

6643 

0.13

472 

 NO. 19 

NO. 

18 

NO. 

17 

NO. 

16 

NO. 

15 

NO. 

14 

NO. 

13 

NO. 

12 

NO. 

11 

NO. 

10 

NO. 

9 

NO. 

8 

NO. 

7 

NO. 

6 

NO. 

5 

NO. 

4 

NO. 

3 

NO. 

2 

NO. 

1 

Mean 7.4 7.4 7.2 7.2 7.5 7.5 7.7 7.6 7.5 7 5.9 5.8 5.5 5.5 5.3 5.5 6.1 6 6.3 

Standard 

Error 

0.0523

23778 

0.07

5144 

0.05

7271 

0.08

1445 

0.04

8397 

0.13

1123 

0.07

9931 

0.05

1056 

0.06

0955 

0.08

6101 

0.06

3613 

0.11

1465 

0.07

684 

0.05

9759 

0.07

2587 

0.05

5538 

0.08

8744 

0.05

243 

0.08

1404 

Median 7.42 7.49 

7.22

5 

7.14

5 7.48 7.6 7.75 

7.63

5 

7.52

5 

6.93

5 

5.97

5 5.89 

5.54

5 5.52 5.32 

5.51

5 6.08 5.99 6.33 

Standard 

Deviation 

0.1654

62315 

0.23

7627 

0.18

1108 

0.25

7553 

0.15

3043 

0.41

4648 

0.25

2763 

0.16

1452 

0.19

2758 

0.27

2274 

0.20

1163 

0.35

2483 

0.24

2991 

0.18

8974 

0.22

9541 

0.17

5626 

0.28

0634 

0.16

5798 

0.25

7423 

Sample 

Variance 

0.0273

77778 

0.05

6467 

0.03

28 

0.06

6333 

0.02

3422 

0.17

1933 

0.06

3889 

0.02

6067 

0.03

7156 

0.07

4133 

0.04

0467 

0.12

4244 

0.05

9044 

0.03

5711 

0.05

2689 

0.03

0844 

0.07

8756 

0.02

7489 

0.06

6267 
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Range 0.47 0.79 0.57 0.84 0.44 1.42 0.89 0.5 0.7 0.94 0.62 1.19 0.59 0.63 0.69 0.53 0.86 0.49 0.86 

Minimum 7.14 6.8 6.85 6.95 7.31 6.37 7.09 7.31 7.06 6.71 5.5 4.88 5.22 5.12 4.89 5.25 5.82 5.75 5.72 

Maximum 7.61 7.59 7.42 7.79 7.75 7.79 7.98 7.81 7.76 7.65 6.12 6.07 5.81 5.75 5.58 5.78 6.68 6.24 6.58 

Sum 74 74 72 72 75 75 77 76 75 70 59 58 55 55 53 55 61 60 63 

Count 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

Confidence 

Level(95.0%) 

0.1183

6461 

0.16

9988 

0.12

9557 

0.18

4242 

0.10

9481 

0.29

6622 

0.18

0815 

0.11

5496 

0.13

7891 

0.19

4773 

0.14

3904 

0.25

2151 

0.17

3825 

0.13

5184 

0.16

4203 

0.12

5635 

0.20

0754 

0.11

8605 

0.18

4149 
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Appendix III: CGA Rule of Generating Observation Points 

/** 

* File:    Positioning View Points.cga 

 * Created: 20 Jun 2017 16:42:13 GMT 

 */ 

version "2014.1" 

############################################## 

# Attributes 

# 

# Driven by Object Attributes 

@Group("OPTIONS") @Order(2) @Range("Meters","Feet") 

attr SIZE_UNIT = "Feet" 

@Group("OPTIONS") @Order(3) 

attr TRANSPARENT = false 

@Group("OPTIONS") @Order(4) 

attr CLEANUP_GEOMETRY = false 

@Group("OPTIONS") @Order(5) @Range("None","On Sides","Roofs", "All") 

@Description("Turn on to split the whole model into rectangular panels (usable e.g. for 

analysis)") 
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attr PANELS_CREATE = "None" 

@Group("OPTIONS") @Order(5) @Range(1,20) @Description("Note that panel size 

is adjusted/rounded to the geometry's dimensions on the side") 

attr PANEL_SIZE = 5 

@Group("OPTIONS") @Order(6) @Range(0,3) @Description("Distance of the 

sampling point in front of the panel's center.") 

attr PANEL_SAMPLING_POINT_OFFSET = 0.1 

############################################## 

# Constants 

# 

const unitScale  = case SIZE_UNIT=="Feet": 0.3048006096012192 else: 1 

const opacity   = case TRANSPARENT: 0.45 else: 1 

############################################## 

# Functions (needed for reporting semantic attributes in the panels) 

# 

getWorldDir = 

 case geometry.isOriented(world.north) : "north" 

 case geometry.isOriented(world.south) : "south" 

 case geometry.isOriented(world.west) : "west" 

 case geometry.isOriented(world.east) : "east" 
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 case geometry.isOriented(world.up)  : "up" 

 else         : "down" 

getLocalDir = 

 case geometry.isOriented(object.front) : "front" 

 case geometry.isOriented(object.back) : "rear" 

 case geometry.isOriented(object.left) : "left" 

 case geometry.isOriented(object.right) : "right" 

 case geometry.isOriented(object.top) : "top" 

 else         : "bottom"  

############################################## 

# Rules 

# 

@StartRule 

# Cleanup 

Model --> 

 case CLEANUP_GEOMETRY || PANELS_CREATE != "None": 

  cleanupGeometry(all,0.1) 

  PanelizeMass 

 else: 

  PanelizeMass  
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# Panels 

PanelizeMass --> 

 case PANELS_CREATE == "All": 

  comp(f){ aslant: Panels | world.side: Panels | all: Panels } 

 case PANELS_CREATE == "On Sides": 

  comp(f){ world.side : Panels | all = ModelRemainder } 

 case PANELS_CREATE == "Roofs": 

  comp(f){ aslant: Panels | horizontal: Panels | all = ModelRemainder } 

 else: 

  Model.  

Panels -->  

 alignScopeToGeometry(zUp,0,world.lowest) 

 split(x,noAdjust){ ~PANEL_SIZE: split(y){ ~PANEL_SIZE: Panel }* }*  

 # THE split 

Panel --> 

 case geometry.area() < 0.02: 

  NIL 

 else: 

  alignScopeToGeometry(zUp,0,world.lowest) 
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  texture("") # switching off texture 

  report("ID",uid)       

  report("Type","Panel") report("Area",geometry.area) 

  report("Local Orientation",getLocalDir) report("World 

Orientation",getWorldDir) 

  report("Azimuth Angle",geometry.angle(azimuth)) report("Zenith 

Angle",geometry.angle(zenith)) 

  Panel. 

  [ s(0,0,0) center(xyz) t(0,0,PANEL_SAMPLING_POINT_OFFSET) 

    comp(v){ 0: report("Z",scope.elevation) SamplingPoint. } ] 

ModelRemainder -->  

 report("Type","ModelRemainder")  
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Appendix IV: CGA Rule for Generating Interior Building 

Model 

* File:    buildingsinteriorpart rule.cga 

* Created: 8 April 2017 10:58:29 GMT 

* Author:  Jane 

*/ 

version "2014.1" 

 

# Attributes 

@Group("Floor attributes")  @Order(1) 

attr floorHeight = 2.5 

@Group("Floor attributes")  @Order(2) 

attr FLOOR = "" 

@Group("Floor attributes")  @Order(3)  @Range(0,1) 

attr Exterior_Visibility = 0.1 

@Group("Floor attributes")  @Order(4) 

attr wallColor = "#FFFFFF" 

@Group("Floor attributes")  @Order(5) 
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attr windowColor = "#FFFFFF" 

attr firstFloorHeight = 2.5 

 

# Consts 

//tilewidth = floorHeight 

//window_asset = "" 

window_asset = "assets/facades/window.obj" 

//dirt_tex = "" 

 

dirt_tex = "assets/facades/textures/dirtmap.15.tif" 

window_tex = "assets/facades/textures/window.5.tif" 

wall_tex = "assets/facades/textures/brickwall2.tif" 

//wall_tex = "" 

//TextureFloor = "assets/interiorTextures/Restroom_tile.jpg" 

TextureFloor = "" 

#####################Interior###################### 

@StartRule 

Lot --> 

case FLOOR == "I1" : extrude(floorHeight) 

color("white") 
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comp(f) {side : Wall | bottom : Human} 

t(0, 0, 0) 

case FLOOR == "I2" :   

t(0, floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I3" :   

t(0, firstFloorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I4" :   

t(0, firstFloorHeight+floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I5" :   

t(0, firstFloorHeight+2*floorHeight, 0) 

extrude(floorHeight) 
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color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I6" :   

t(0, firstFloorHeight+3*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I7" :   

t(0, firstFloorHeight+4*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I8" :   

t(0, firstFloorHeight+5*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I9" :   

t(0, firstFloorHeight+6*floorHeight, 0) 

extrude(floorHeight) 
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color("white") 

comp(f) {side : Wall | bottom : Human}   

case FLOOR == "I10" :   

t(0, firstFloorHeight+7*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I11" :   

t(0, firstFloorHeight+8*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I12" :   

t(0, firstFloorHeight+9*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

 

case FLOOR == "I13" :   

t(0, firstFloorHeight+10*floorHeight, 0) 
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extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I14" :   

t(0, firstFloorHeight+11*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I15" :   

t(0, firstFloorHeight+12*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I16" :   

t(0, firstFloorHeight+13*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I17" :   

t(0, firstFloorHeight+14*floorHeight, 0) 
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extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I18" :   

t(0, firstFloorHeight+15*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I19" :   

t(0, firstFloorHeight+16*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I20" :   

t(0, firstFloorHeight+17*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I21" :   

t(0, firstFloorHeight+18*floorHeight, 0) 
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extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

case FLOOR == "I22" :   

t(0, firstFloorHeight+19*floorHeight, 0) 

extrude(floorHeight) 

color("white") 

comp(f) {side : Wall | bottom : Human} 

################1st floor################### 

case FLOOR == "1" :   

extrude(floorHeight)   

t(0, 0, 0) 

comp(f) {world.down : Floor | side : exterior } 

#######################2nd floor####################### 

case FLOOR == "2" : extrude(floorHeight)   

t(0, floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################3rd floor####################### 

case FLOOR == "3" : extrude(floorHeight)   

t(0, 2*floorHeight, 0)   
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comp(f) {world.down : Floor | side : exterior} 

######################4th floor#######################       

case FLOOR == "4" : extrude(floorHeight)   

t(0, 3*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################5th floor#######################       

case FLOOR == "5" : extrude(floorHeight)   

t(0, 4*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################6th floor#######################       

case FLOOR == "6" : extrude(floorHeight)   

t(0, 5*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################7th floor#######################       

case FLOOR == "7" : extrude(floorHeight)   

t(0, 6*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################8th floor#######################       

case FLOOR == "8" : extrude(floorHeight)   

t(0, 7*floorHeight, 0) 
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comp(f) {world.down : Floor | side : exterior} 

######################9th floor#######################       

case FLOOR == "9" : extrude(floorHeight)   

t(0, 8*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################10th floor#######################       

case FLOOR == "10" : extrude(floorHeight)   

t(0, 9*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################11st floor#######################       

case FLOOR == "11" : extrude(floorHeight)   

t(0, 10*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################12nd floor#######################       

case FLOOR == "12" : extrude(floorHeight)   

t(0, 11*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################13rd floor#######################       

case FLOOR == "13" : extrude(floorHeight)   

t(0, 12*floorHeight, 0) 
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comp(f) {world.down : Floor | side : exterior} 

######################14th floor#######################       

case FLOOR == "14" : extrude(floorHeight)   

t(0, 13*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################15th floor#######################       

case FLOOR == "15" : extrude(floorHeight)   

t(0, 14*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################16th floor#######################       

case FLOOR == "16" : extrude(floorHeight)   

t(0, 15*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################17th floor#######################       

case FLOOR == "17" : extrude(floorHeight)   

t(0, 16*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################18th floor#######################       

case FLOOR == "18" : extrude(floorHeight)   

t(0, 17*floorHeight, 0) 
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comp(f) {world.down : Floor | side : exterior} 

######################19th floor#######################       

case FLOOR == "19" : extrude(floorHeight)   

t(0, 18*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################20th floor#######################       

case FLOOR == "20" : extrude(floorHeight)   

t(0, 19*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################21st floor#######################       

case FLOOR == "21" : extrude(floorHeight)   

t(0, 20*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

######################22nd floor#######################       

case FLOOR == "22" : extrude(floorHeight)   

t(0, 21*floorHeight, 0) 

comp(f) {world.down : Floor | side : exterior} 

//####################Roof####################### 

//case FLOOR == "Roof" : extrude(floorHeight/2)   

//t(0, 4*floorHeight, 0) 
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//comp(f) {world.north: exterior | world.south: exterior | world.west: exterior | 

world.east: exterior | world.up: color//(0.211,0.211,0.211) | world.down: exterior} 

else : NIL 

exterior --> 

  split(y) {~1: tile | ~1: window | ~0.2: tile } 

  projectUV(0) 

  tileUV(0, ~1, ~1) 

wall --> 

        color(wallColor) 

        setupProjection(0, scope.xy, '1, '1) projectUV(0) 

        texture(wall_tex) 

        set(material.dirtmap, dirt_tex) 

        setupProjection(2, scope.xy,scope.sx, scope.sy) projectUV(2) 

        set(material.opacity,Exterior_Visibility) 

tile --> 

//  texture(TextureCaravistaBlanco) 

  projectUV(0) 

  tileUV(1, ~1, ~1) 

window --> 

        s('1,'1,0.4) 



 

169 

 

        t(0,0,-0.25) 

        color(windowColor) 

 setupProjection(0, scope.xy, '1, '1) projectUV(0) 

        //texture(window_tex) 

 i(window_asset) 

//window --> 

//texture(VenRectorate) 

//projectUV(0) 

//  tileUV(0.5, ~1, ~1) 

Floor --> 

  reverseNormals 

  tileUV(0, ~2, ~2) 

  color("gray") 

  projectUV(0)   

  texture(TextureFloor) 

//Floor --> 

//  reverseNormals 

//  projectUV(0) 

//  tileUV(0, ~2, ~2) 

  //color("gray") 
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//  texture(TextureFloor) 

##########################Interior##################### 

peopleAsset = fileRandom("assets/people_by_lowpolygon3d_com/*.obj") 

dirHuman = 50%: 90 else: -90  

Human --> 

    alignScopeToAxes(y) 

    t(3,0,'rand(0.1,0.6)) 

    s(0,rand(1.7,1.9),0) r(0,dirHuman,0)   

    i(peopleAsset) 

Wall --> 

s('1, floorHeight, 0.15) 

t(0, '0, 0) 

color(wallColor) 

setupProjection(0, scope.xy, '1, '1)  projectUV(0) 

i("builtin:cube") 

texture("assets/interiorTextures/wall.tif") 

tileUV(0, 0.2, 0) 

set(material.opacity,0.5) 

//Wall --> 

//s('1, floorHeight, 0.1) t(0, '0, 0) 
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//     i("builtin:cube") 

//texture("assets/street_1lanes_stripes.jpg") 

//  tileUV(0, 0.2, 0) 
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Appendix V: Questionnaire of Landscape Preference Survey 

Landscape Preference Survey 
Dear Madam/Sir, 

This questionnaire is designed to investigate human landscape preference when purchasing 

a flat. Please select a score for each photo based on your scenic perception. Thanks very 

much for your kindly help in completing this questionnaire. 

  

1.  

Low scenic value �1  �2  �3  �4  �5  �6  �7  �8  �9  �10 high scenic value 

  

  

2.  
Low scenic value �1  �2  �3  �4  �5  �6  �7  �8  �9  �10 high scenic value 
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