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ABSTRACT 

 

Real estate valuation is a complex task acknowledged for its inability to reach pinpoint 

accuracy due to the inefficiency of real estate markets. This can lead to market 

uncertainties, bringing difficulties in predicting market movement and the associated 

transaction price. An accurate valuation still plays an indispensable role in maintaining 

a sustainable market pricing mechanism and forms a crucial area of debate among 

scholars and policymakers. In transitional countries where vacant land plots are being 

released each year, accurate land valuation is of critical importance to ensure the 

market develop sustainably. 

This thesis contributes to existing knowledge by investigating real estate valuation 

(in)accuracy in the transitional market of China, focusing specifically on development 

land. In China, the government adopts a Land Benchmark Price (LBP) to serve as a 

price reference point to sell land rights, due to the lack of market transaction data. 

Given the influence of government regulations on the Chinese land market, this thesis 

provides an empirical investigation into the assessment of the valuation performance 

of LBP.  

The analysis demonstrates dynamic relationships in explaining variations between 

market transaction price and LBP valuation, resulting in significant valuation 

differentials across three land sectors in Beijing. Temporal analysis evaluates the 

degree of valuation-transaction cointegration over time, and spatial analysis of 

locational attributes are examined to provide a theoretical basis for the subdivision of 

the land market, to serve as the foundation of LBP method and assist a more regular 

updated frequency of LBP.  

The research concludes by suggesting new update timeframes and locational factors 

to be incorporated under an amended LBP system for each land type in China. The 

conclusions provide government administrators and practising valuers an enhanced 

valuation method to improve accuracy and ensure an efficient price mechanism in the 

Chinese land market. 
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1.1. Introduction  

Valuation accuracy, as defined by Crosby (2000), refers to the extent of a valuer to 

accurately evaluate the market transaction price of the subject property in an open 

market. An accurate valuation plays an essential role in the real estate market for the 

purposes of mortgage, sale transactions, portfolio investment or performance 

measurement (Ajibola, 2010). In addition, the ability of valuers to accurately assess 

the land market price is of critical importance in maintaining a sustainable pricing 

mechanism as well as reducing government corruption within the context of illegal 

payments made to register land and approve building permits (Grover and Grover, 

2012). However, as a complex task, real estate valuation has been widely criticised 

for its inability to achieve pinpoint accuracy due to the difficulty of market prediction, 

the inaccessibility of market information and the remoteness of market evidence 

(Babawale, 2013). Supported by McGreal and Taltavull (2012), even the most 

prescribed valuation method is unlikely to diminish the valuation bias. Indeed, 

characterised as an inefficient market, it is inevitable that real estate valuation carries 

bias to a certain degree.  

Over the past few years, increasing interest has been devoted to the analysis of the 

margin of error in real estate valuation especially in developed countries such as the 

UK, USA and Australia. No standard principle has been applied so far to identify an 

appropriate margin of error, although it is commonly agreed that real estate valuation 

is considered fairly accurate in the UK (Brown, 1986; Matysiak and Wang, 1995; 

Blundell and Ward, 2008).  A margin of error of ±10 to ±15%, or in exceptional cases 

of residual valuations up to ±20% (Crosby et al., 1998) has been considered 

acceptable. Valuers in Australia are generally capable of valuing within the bracket of 

±10% to ±15% (Skitmore et al., 2007), whereas in the USA they tend to have more 

accurate valuations with a margin of error around 10% (Crosby, 2000). 

However, efforts to investigate valuation (in)accuracy in developing countries are 

limited. This is due to the shortage and the unreliability of property market information 

in developing countries remaining the biggest obstacles. In addition, the market 

uncertainties in developing countries lead to a less transparent or predictable 

environment (Zhu, 2004; Wang et al., 2016), which is the crucial basis to carry out an 

investigation of valuation accuracy. The focus on valuation practice, consequently, has 
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largely replaced valuation accuracy in developing countries (section 3.4). An urgent 

investigation of urban land valuation (in)accuracy is required in developing countries. 

This thesis extends existing studies in the field of valuation accuracy by investigating 

real estate valuation (in)accuracy in a transitional market, with particular attention in 

China. Moreover, the focus on development land instead of investment in property is 

another contribution of this study. Previous studies mainly covered valuation accuracy 

in commercial and residential property in relation to performance measurement and 

mortgage purposes. This study instead focuses on the auction of vacant land because 

developers play an important role in interacting with the market conditions, especially 

in the transitional countries where new land plots are being released and transacted 

in significant numbers. For instance, the total number of land development sites 

reached 28,756 over the period of 2007 – 2014 in China, making up 80% of all 

transaction activity in Asia-pacific region (Newell and McGreal, 2017). These 

considerable vacant land transactions accounted for over $1.6 trillion transaction fees, 

highlighting the significant role of real estate development to facilitate Chinese 

infrastructure as well as promote economic growth. An accurate vacant land appraisal, 

hence, is important to help maintain a sustainable development through assessing 

financial viability, ensuring an appropriate site value and a market risk adjusted return 

to the developer.  

This thesis is divided into four stages guided by the methodological design (Chapter 

4), namely background and overview (Chapter 1), literature review (Chapter 2 and 3), 

empirical analysis (Chapter 5, 6 and 7), and conclusion (Chapter 8). Chapter 1 of the 

thesis provides the background and research rationale (section 1.2), followed by the 

research aim, objectives and the associated research questions (section1.3). Section 

1.4 briefly outlines the research methodology employed by the thesis and Section 1.5 

illustrates the thesis structure. 

1.2. Rationale and Background of the Research  

For the past 40 years since 1979, urbanisation, economy in China have been growing 

at a fast pace. As one of the world’s fastest-growing countries, the Gross Domestic 

Product (GDP) increased more than tenfold from 1994 to 2014 (National Bureau of 

Statistics of China, 2015). Particularly, the contribution of real estate to GDP increased 

to 18.3% in 2014, making real estate a pillar industry underpinning the growth of the 
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economy  (He, 2016). China has overseen huge levels of urban land expansion for 

railway and highway construction, and the development of international-class office 

stock, high-rise buildings and grand shopping centres in urban areas (JLL, 2011). 

Although the urban land expansion and development have been widely recognised in 

China especially in the 1990s (section 2.2), it was not until Land Use Rights (LURs) 

reform in 1989 that China officially set up an urban land structure and urban land 

tenure system (section 2.3). Before LURs reform, land resources in China were 

administratively allocated by local government without being valued in monetary terms 

because the property rights were controlled by government ownership under the 

centrally planned economy (Chow, 2011; Zhao et al., 2009). To promote land and 

economic development, Land Use Rights were introduced to separate the right to use 

land from the government ownership and enable LUR transactions in the Chinese real 

estate market by means of invitation to tender, auction and private negotiation (Walker 

and Li, 1994; Chan, 1999), although the private negotiation was completely banned 

for land auction after 2004. Land Use Rights reform enabled land transactions in the 

open market and largely promoted land development in China (Ding, 2003).  

However, as a result of the long-term practice of land allocation, China faced a high-

level problem of limited market data, which called for an urgent requirement to 

establish an efficient price mechanism to value the sale price of LURs. The 

government created a Land Benchmark Price (LBP) to reflect the lack of transaction 

data and guide the market transaction prices (Li and Walker, 1996). Significant land 

development, consequently, has been witnessed in the past three decades, with a 

substantial amount of Special Economic Zones (SEZs) and Industrial Development 

Zones (such as Economic and Technological Development Zones, High-Tech 

Development Zones, Industrial Parks, Airport Free Trade Zones) being first set up 

across China to attract Foreign Direct Investment (FDI). Land valuation behaviour also 

began to emerge in China after the State introduced the Land Benchmark Price (LBP) 

to serve as a reference for the sale price of LURs to developers (Hu, 1992), with LBP 

becoming one of the valuation methods for land appraisal in China. Currently in China, 

according to the Regulation for Valuation on Urban Land, five appraisal methods are 

advocated regarding land valuation, namely income method, comparable method, 

cost method, residual method and LBP method (MLR, 2014a). Ni (2014) commented 

that LBP was regarded as a common land assessment method for its easiness and 
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authoritativeness, especially for the areas where the market was immature with low 

volumes of land transactions. However, there is a set of sophisticated and strict rules 

in applying LBP on the land valuation, in terms of the equation used, variables and the 

associated coefficient adjusted by the valuers. This thesis highlights that the ability 

and reliability of the LBP to accurately represent the land market price requiring careful 

investigation to ensure a sustainable Chinese land market. 

Despite the market-orientated efforts in the real estate market (i.e. LURs reform), Yan 

and Ge (2014) believed that real estate development was still characterised by strong 

government intervention as the Chinese government retains the complete control over 

the urban land supply and has strong intervention in the real estate market, which in 

turn may influence the land valuation practice. Li (1994) argued that the LBP was 

unable to represent real estate market performance given that the creation of the LBP 

was affected by the government intervention of the land market. Ding (2009) further 

supported that the LBP hindered the market efficiency given that land price depended 

on the government-specified variables which may restrict the land and capital inputs. 

Yan and Chan (2016) expressed that the Chinese appraisers may be considered less 

competitive, especially to conduct valuation for foreign investors due to this less 

internationally recognised valuation method (LBP). In contrast, Yang et al. (2015) 

regarded LBP as an effective way for local authorities to regulate LURs transaction. 

Du et al. (2016) further maintained that the LBP positively influenced the urban land 

productivity, indicating that the LBP contributed to a more effective urban land market 

with the help of the restrictions on the application of private negotiation. Nevertheless, 

the argument and investigation relative to LBP largely remained in the stage of 

theoretical review of the LBP framework. There is limited research examining the 

relationship between LBP and its influences on the market transaction price, especially 

after 2004 when the land transactions became completely open to the public. This is 

largely due to inadequate attention paid on valuation (in)accuracy and distortions in 

LBP method. Although initial effort has been made by Du et al. (2016) to quantitatively 

inspect the impact of LBP on urban land-use efficiency, the authors employed land 

transaction price to denote the functioning of the LBP system without testing the 

relationship between the two variables of land transaction prices and land benchmark 

price. It still remains unclear from existing research how effectively the LBP can 

represent urban land transaction price given the lack of the evidence of the valuation 
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(in)accuracy in LBP method. To fill in the research gap, this thesis looks at the impact 

of government-imposed LBP on market transaction price from the valuation 

perspective, i.e. to what extent the government-published land benchmark price has 

an impact on the land transaction price. Special attention has been emphasised by the 

thesis that LBP is not designed to reflect the actual market transaction price, but rather 

act as a reference point with further adjustments needed for valuation purposes. 

Previous studies (Li and Walker (1996), Ding (2001), Wang (2009) and Du et al (2016)) 

employing the method to directly compare LBP to market transaction price tends to 

create price gap. The uniqueness of this research, in comparison, involves the author 

to undertake such valuation adjustments prescribed by the LBP manual and compare 

these LBP valuation estimates (rather LBP itself) to the market transaction price.  

China has gradually evolved from a centrally planned market where all land 

development was allocated by the State and the use of land was free of charge into a 

market-oriented economy. The urban land development is seen a huge change over 

the past 40 years, which in turn triggers the emergence of real estate service sectors 

for appraisal practice. However, valuation practice is still at an early stage in China. 

Especially, the use of Land Benchmark Price as a valuation method for land appraisal 

still remains controversial. To date, there is no empirical examination evaluating the 

valuation performance of LBP method. This thesis aims to fill the research gap by 

evaluating the effectiveness of the Land Benchmark Pricing System in valuing land 

price in China. In doing so, the research contributes to the existing body of LBP 

literature in a number of ways. Firstly, the thesis systematically reviews the rationale 

behind LBP method in terms of its valuation procedures, influencing factors and 

prescribed rules set up by the government, illustrating the impact of the adoption of 

LBP method on the Chinese land market. Secondly, the research has conducted the 

first empirical examination of valuation accuracy of LBP method in China by 

demonstrating the deviation between LBP estimates and market transaction price. The 

thesis further applies hedonic modelling techniques to investigate the variables that 

contribute to the valuation differentials. Thirdly, the research highlights the impact of 

government-controlled LBP pricing system on the market transaction price using time-

series modelling technique. In doing so, this thesis provides an in-depth insight into an 

ideal LBP update frequency. Finally, this research engages to identify the variables 



7 
 

that could be incorporated to improve LBP accuracy by taking spatial heterogeneity 

into consideration.  

In order to evaluate the effectiveness of the Land Benchmark Pricing System in valuing 

land price in China, this thesis sets out a key aim and a number of objectives in the 

following section. 

1.3. Aim, Objectives and Research Questions  

The aim of this research is to carry out an in-depth investigation of the effectiveness 

and accuracy of the government-published Land Benchmark Price (LBP) in valuing 

land price in China. The aim is realised by five objectives, followed by a set of research 

questions in relation to each objective, which are specified as follows: 

i. To theoretically evaluate the underpinning land administrative environment in 

relation to the urbanisation process and LBP land valuation method in China 

• What is the process of urbanisation, land development and land auctions in 

China? 

• How does the Chinese land administration system operate? 

• What is the Land Benchmark Price System and how does it work in Beijing? 

• What variables form the equation of LBP? 

• How do land grades work as the basis for LBP method? 

• To what extent has a benchmark pricing system been used for land valuation 

in wider Asian countries? 

 

ii.  To conceptualise the use and application of traditional and advanced land 

valuation methods and determine how valuation accuracy is measured in a 

global context. 

• What are the commonly used traditional and regression models in assessing 

land value in a global context? 

• What are the commonly identified variables in forming real estate price 

construction in advanced valuation methods? 

• What is the accepted margin of error for the land valuation accuracy in 

developed and developing countries? 
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iii. To empirically measure and test valuation (in)accuracy of the LBP method in 

land appraisal and capture the dynamics underpinning the valuation 

discrepancy 

• How does LBP deviate from the market transaction price in Beijing?  

• What percentage differentials are observed in the residential, commercial and 

industrial sectors? 

• What variables are correlated to the market transaction price and LBP 

estimates?  

• What are the variables that contribute to the valuation differentials in each 

sector by using OLS regression? 

 

iv. To examine the inter-relationships between the government-controlled pricing 

system of LBP and land price index compared to the market transaction price. 

• What is the lead/lag relationship between the LBP, land price index and market 

transaction price in the residential, commercial and industrial sectors? 

• Is there any long-term cointegration relationship that combines the pricing 

system of three types of prices in each sector? 

• What are the short-term dynamics between three types of prices in each sector? 

• How often should LBP be updated in order to track the market movement in 

each sector? 

 

v. To compare and contrast the spatial factors influencing the LBP estimates and 

the market transaction price to re-define the homogenous areas for LBP 

method by district. 

• What are the locational factors influencing market transaction price and how do 

these differ from LBP estimates in the residential, commercial and industrial 

sectors by using GWR? 

• What locational variables significantly influence land transaction price in each 

sector? 

• What are the ranges of associated coefficients applied in those overlooked 

locational variables?  

• Is there a more efficient alternative to serve as the LBP basis instead of land 

grades? 
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1.4. Research Methodology Outline 

The motivation behind this thesis endeavours to develop an experimental design for 

practising the LBP method to achieve a more accurate valuation output in urban land 

appraisals. In order to accomplish the aim and objectives Figure 1.1 illustrates the 

systematic structure of activities involved within the research methodology, which 

shows the connection between the theoretical and empirical stages. 

The quantitative research method with the help of the development of statistical 

modelling techniques (Creswell, 2009) is adopted, comprising of three phases of 

empirical stage. Specifically, margin of error derived from the LBP method is 

demonstrated by quantitative measurement and variables are further identified to 

capture the valuation differential by using hedonic pricing model of Ordinary Least 

Squares (OLS) in the first phase of the empirical analysis (section 4.6.1). This is 

followed by the statistical model experiment of time-series analysis (Autoregressive 

Distributed Lag) to recognise the lead/lag relationship in the Chinese pricing system 

of LBP, land price index and urban land transaction price in the second phase (section 

4.6.2). Spatial analysis (Geographically Weighted Regression) was used to identify 

important yet overlooked locational variables in LBP and refine the geographical 

divisions of homogenous areas by demonstrating the spatial distribution of urban land 

transaction price forms the third phase (section 4.6.3). Secondary data in the form of 

LBP manuals, land attributes, social-economic factors and locational data were 

collected (section 4.5) and employed to identify the valuation performance by LBP 

method. The data collection and research process are explained in detail in Chapter 

4.  
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Figure 1.1 Research Activities of the Thesis 
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1.5. Thesis Structure  

This thesis is divided into eight chapters, which is structured in a sequential order 

relative to the research objectives. An overview of the thesis structure with the 

associated research objectives and research activities are presented in Table 1.1.  The 

content of each chapter is summarised separately below. 

Chapter 1 represents the introductory chapter, which sets up the contextual 

background of the research. It discusses the rationale behind the study, justifies the 

research topic and identifies the research gaps. Furthermore, the aim and objectives 

are outlined, and research methods are briefly specified to provide the structural 

framework of the whole thesis.   

Chapter 2 captures the development of the land and real estate markets in China, with 

specific attention to the process of land administration. The assessment of the Chinese 

land market highlights an urgent need to establish an efficient price mechanism for 

Land Use Rights sales. This is, consequently, followed by the review of the practice of 

Land Benchmark Price in China and wider Asian countries. Objective 1 is achieved by 

a theoretical literature review and discussed in Chapter 2. 

Chapter 3 reviews the traditional and advanced methods of land appraisals with the 

assistance of mathematical models, covering hedonic pricing regression of OLS, time-

series analysis of Vector Autoregression (VAR), Vector Error Correction Model (VECM) 

and Autoregressive Distributed Lag model (ARDL), and spatial analysis of Spatial Lag 

Model (SLM), Spatial Error Model (SEM) and Geographically Weighted Regression 

(GWR). Valuation accuracy, with particular emphasis on the developed countries, is 

further discussed to draw upon the experience of established property markets. The 

outcome of the literature review enables the author to facilitate the groundwork for the 

empirical phase, assist the interpretation of the thesis results and enable the results 

to be discussed in terms of comparing and contrasting with previous research findings. 

Objective 2 is realised by literature review in Chapter 3. 

Chapter 4 focuses on the research methodology development of this thesis. The 

chapter outlines an overview of research methods and explains the research process 

designed for the study in detail. The data employed in this thesis involve secondary 

statistics collection. The justification of data analysis technique in terms of modelling 
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selection in each empirical phase, covering OLS, ARDL and GWR accordingly, is 

discussed in detail step by step.  

Chapter 5 details the initial phase of the empirical stage. This chapter is designed to 

identify the valuation (in)accuracy of LBP method by comparing the LBP estimates of 

each land plot to its realised market transaction price through public auctions. The 

valuation variation by LBP method is compared to that in developed countries 

observed in the literature review (section 3.4), to assess the performance of the LBP 

method in urban land valuation. This chapter further highlights and explores the 

valuation differentials between LBP estimates and urban land transaction price by 

regressing a set of variables identified in the literature review (section 2.5 and section 

3.3.1), covering aspects of land-specific information, socio-economic environment and 

locational attributes of the land, on the valuation differentials. Objective 3 is achieved 

in Chapter 5. 

Chapter 6 presents the time-series analysis to fulfil the second phase of the empirical 

stage. This time-series analysis attempts to measure the long-term co-integration 

relationship and short-term dynamics of the pricing system of LBP, government-

published land price index and urban land transaction price in Chinese land market. 

Granger causality of the pricing system in this chapter further highlights a 

recommended update frequency for LBP. Objective 4 is achieved in Chapter 6. 

Chapter 7 demonstrates the spatial analysis to achieve the last phase of the empirical 

stage. This chapter presents the spatial distribution of LBP estimates by taking spatial 

heterogeneity into consideration in the LBP method. The adoption of a spatial 

modelling technique addresses the shortage derived from the generalised LBP 

method in overlooking the spatial differences. Furthermore, this chapter also 

demonstrates the spatial distributions of urban land transaction prices. By comparing 

and contrasting the explanatory variables in each spatial distribution, this chapter 

highlights the missing variables in LBP method, which would be important in explaining 

land transaction price. In doing so, revision of current LBP method can be made to 

improve the valuation practice in LBP method. Moreover, by demonstrating the spatial 

distribution with the help with GWR technique, homogenous areas can be identified 

based on administrative divisions instead of land grades. In this sense, an alternative 
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to serve as the basis of LBP can be identified based on administrative divisions, rather 

than land grades. Objective 5 is achieved in Chapter 7. 

Chapter 8 evaluates the key findings drawn from each objective, followed by a 

summary of key contributions derived by this thesis based on both theoretical and 

empirical stages, which also indicates the research limitations and areas for future 

research.  
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 Table 1.1 Research Structure of the Thesis 

Research Aim – to investigate the relationship of the government-published LBP on the land transaction price 

Objectives 
Research 
Activities 

Research Structure and position of each chapter 

 Research 
background of 
introduction  

 

Objective 1: 
To theoretically evaluate the underpinning 
land administrative environment in relation 
to land development process and land 
valuation of LBP method in China 

Theoretical stage 
of literature review  

 

Objective 2: 
To conceptualise existing traditional and 
advanced approaches of the land 
valuation methods and identify the 
measurement of margin of error in a global 
context 

Objective 3: 
To empirically identify the valuation 
(in)accuracy of LBP method in land 
appraisal and capture the dynamics 
underpinning the valuation discrepancy 

Empirical stage of 
data analysis 

 

Objective 4: 
To examine the inter-relationship between 
government-controlled pricing system of 
LBP and land price index, and market 
transaction price 

Objective 5: 
To establish locational factors and refine 
geographical division for LBP method 

 Research findings 
of conclusion  

 

Chapter 5 
A Hedonic Modelling 
Analysis of Valuation 

Accuracy of LBP 

Chapter 6 

A Time-series Modelling 
Analysis of Pricing 
Mechanism of LBP 

Chapter 7 
A Spatial Modelling 

Analysis of LBP 

Chapter 8 
Conclusion 

Chapter 2 
A Review of Urbanisation and Land 

Administration System in China 

Chapter 3 
A Review of Traditional and 

Advanced Valuation Methods and 
Measurement of Valuation 

Accuracy in a Global Context 

Chapter 4 
Methodology Design 

Chapter 1 
Introduction, Aim and Objectives Research Methodology 

Thesis Structure 



15 
 

 

 

 

 

 

 

 

 

Chapter 2 Urbanisation and Land 
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2.1. Introduction 

Chapter 1 provided an overview of the research designed by this thesis (section 1.1) 

coupled with the research rationale and contextual background. Having established 

the purpose of this research, Chapter 2 focuses on providing a comprehensive 

literature review on the underpinning dynamics of the Chinese urbanisation process. 

In doing so, this chapter sets up the fundamental basis in understanding the unique 

characteristics of the Chinese land market in terms of the land development process, 

land valuation, and the land transfer methods.  

Figure 2.1 illustrates the structure of Chapter 2. Specifically, Section 2.2 elaborates 

the evolution and the dynamics of urbanisation in China, with a special focus on the 

transitional process from a socialist institution of land allocation to a new form of an 

emerging urban land market. Four market development stages (Section 2.2.1 – 2.2.4) 

are considered in the thesis, each categorised by the essential policies implemented 

by the Chinese government. This is followed by Section 2.2.5 to position the current 

Chinese real estate market in a wider global content to recognise the market maturity.   

Section 2.3 investigates the Chinese land market in terms of the land administrative 

system (section 2.3.1), urban land tenure system and land development process 

(section 2.3.2) and land auction methods in China (section 2.3.3). Section 2.4 

investigates the valuation standards in China. Section 2.5 covers the unique Land 

Benchmark Price (LBP) system used in assisting vacant land valuation in Chinese real 

estate market. The valuation process by LBP method is first discussed (section 2.5.1), 

followed by regulation regarding LBP (section 2.5.2) to set up a theoretical framework 

of understanding the functions and purposes of LBP. Empirical studies are highlighted 

(section 2.5.3) to emphasise the impact of LBP on the Chinese land market. Section 

2.6 summarises the chapter.  
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Figure 2.1 Structure of Chapter 2 
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million between 1978 and 2010 (He et al., 2016). The year 2011 further sets a 

milestone in history with urban residents for the first time exceeding those in rural 

areas, making up 51.3 per cent of the total population (Li et al., 2015). By the end of 

2030, the urban population is predicted to increase to nearly 66 per cent (The World 

Bank, 2013). Such population redistribution was identified as a consequence of the 

process of industrialisation, which saw rural migrant labour flooding into cities for 

higher-income jobs, better public infrastructure and cultural facilities (He et al., 2016) . 

In the opinion of Zhang and Zhao (2003), China has achieved a fast growth of industrial 

development thanks to a prioritised industrialisation strategy enforced by the 

government. Huang et al. (2015) justified that as a world factory, China relied heavily 

on industrial development for its economic performance and growth, and the 

designation of Industrial Development Zones can attract the Foreign Direct Investment 

(FDI) and revitalise the economic development. According to the Beijing Statistical 

Yearbook (2006), the developed area of industrial zones has been consistently 

surpassing the supply since 2005. However, Zhang and Zhao (2003) outlined that 

behind the official figures was economic inefficiencies, deficiencies in land supply, and 

an extremely slow growth of per capita income. Chen (2013) also considered there 

was a lack of a sufficient industrialisation supporting system to protect rural migrant 

workers and their income, which slowed down the regional economic development. 

Indeed, as identified in the literature, the expansion of industrial land has caused a 

series of problems in China such as the loss of cultivated land (Wu et al., 2012), 

uncontrolled urban sprawl and pollution (Kuang et al., 2016), and inefficient urban land 

use (Ding, 2001). 

In order to gain a detailed understanding of the urban land market, this thesis divides 

China’s urbanisation process into four stages based on the essential policies 

implemented by the government, which have had significant influences on the real 

estate market. They are preparation stage (1949-1978), initial development stage 

(1978-1987), early development stage (1987-1994) and fast development stage (1994 

to present). Each stage is characterised by distinctive features. The dominant power 

of the central government was a feature of the first stage where all land development 

was allocated by the central administration free of charge and local government was 

not entitled to direct the regional development (Zhu, 2005). The open-door policy was 

the feature of the second development stage to improve the nation’s economic growth 
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and attract international investment (Wei, 1995). Land Use Rights (LURs) 

implementation was featured in the third development stage which enabled land sales 

and transactions in the Chinese real estate market (Koroso et al., 2013). The financial 

decentralisation policy was the feature of the last fast development stage which 

triggered the profit-seeking local government to expand urban land to generate local 

revenue (Lin and Yi, 2011).  

2.2.1. Preparation Stage (1949-1978) 

The Chinese economy is characterised as a combination of a market economy and a 

planned economy, with an ongoing transitional period from a pure planned economy 

to a free-market economy (Fuerst et al., 2016). In order to gain an understanding of 

the role of economic planning on the Chinese real estate market, it is essential to 

briefly review the history since 1949 when the current Chinese state was established 

as this provided the socio-political background for the development of the economy 

and real estate. China used to have a centrally planned economy from 1949 to 1978 

which saw a top-down control mechanism, where production, investment, prices and 

incomes were centrally allocated by the government (Zhu, 2005; Chow, 2011). Urban 

land expansion barely existed as urban planning only acted as an extension of the 

national economic planning before 1978 (Wu and Yeh, 1997). Specifically, the State 

distributed land for project development to the municipal government which in turn 

allocated land resources for the construction of industries and housing through ‘work 

units1’ free of charge (Yeh and Wu, 1996). Consequently, the municipalities were 

unable to govern land use planning or acquire land but merely oversaw the building of 

citywide construction.  

The primary task of urban planning (set up by the central government) was to develop 

industries according to the First Five-Year Plan, such as promoting automobile 

manufacturing and investing in iron and steel companies (The State Council, 2009). 

As a result, most land developments were industrially orientated to speed up the 

country’s industrialisation, and these industrial developments mainly occurred in the 

 
1 Work Units (i.e. government institutions and state-owned enterprises) is a territorial term mainly used 

before the open-door policy in 1979, which refers to the institutes that organise urban population. All 

citizens were bound to their work units for life. It was through work units that people were assigned 

housing, childcare, schools, clinics, shops, etc. Also, permission needed to be obtained from the work 

units for an individual to go travelling or get married. For more details on work units refer to Wu (2013).  
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peripheral areas of cities to minimise the construction cost before 1978, with limited 

land development allocated in the city centre. Housing was constructed adjacent to 

the factories, with little demand for offices given the under-developed tertiary sector 

(Wu and Yeh, 1997).  

2.2.2.  Initial Development Stage (1978-1987) 

The initial urban structural changes and urban land development that took place in 

China since the adoption of the open-door policy in 1978, were designed to break 

down the barriers between the developed world and China (Wei, 1995). The open-

door policy refers to a series of economic reforms aimed at attracting foreign 

investment. Long et al. (2010) regarded the open-door policy as a tool to help reduce 

the dominance of central state planning and liberalise the Chinese economy into a 

market-led economy, as the reforms encouraged the private individual economy. Dong 

(2007) believed that the administrative decentralization was also accompanied with 

the economic reforms of decentralization, which contributed to the tax-sharing system 

of land development in Stage 4 (section 2.2.4). Furthermore, Qian (2008) credited the 

economic reforms to the growth of non-state funding which accelerated urban 

development by foreign-funded development. Indeed, aided by the policies enacted 

by the central government, China’s economy has gradually responded to globalisation, 

with Foreign Direct Investment (FDI) becoming an important factor in accelerating 

urban development (Gao et al., 2014). In 1979, the Law on Chinese-Foreign Equity 

Joint Ventures was adopted to attract FDI. Article 1 stated that “…China shall permit 

foreign companies, enterprises, other economic organisations or individuals… to 

establish equity joint ventures together with… Chinese joint ventures”. This officially 

granted legal status for overseas investors to invest in China. As a result, FDI in real 

estate gradually began to account for a large amount of the total international capital 

(Hui and Chen, 2014) .  

The urban development of some Chinese cities, consequently, benefited from the 

considerable changes introduced by the gradualist reforms. In 1980 four coastal 

Special Economic Zones (Shenzhen, Zhuhai, Shantou and Xiamen) were opened by 

the State to attract international investment, followed by further development zones 

and coastal open cities in the middle of 1980s. For example, 14 open coastal cities 

were set up in 1984; whereas the development zones of the Yangtze River Delta 
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(centred on Shanghai), the Pearl River Delta (centred on Guangzhou), the Min Nan 

region (centred on Xiamen), Liaoning and Shandong Peninsulas (centred on Dalian), 

and the Bohai Sea Coastal Religion (centred on Beijing) were opened in 1985 (Fung 

et al., 2002). These zones enjoyed more free-market-oriented economic policies and 

flexible governmental measures, such as tax incentives and greater independence on 

international trade activities (Leong, 2013). These FDI-led development zones were 

crucial to the urban expansion during Stage 2 especially in coastal cities given their 

convenient global connections, relatively cheap land price and low-cost labour (Chen 

et al., 2016). However, Wu and Yeh (1997) considered that the pattern of urban 

industrial zone developments mainly took the form of urban expansion. On the other 

hand, land redevelopment which changed the spatial structure in urban area had little 

occurrence.   

Furthermore, the manufacturing sectors characterised by the heavy industries of iron 

and steel production dominated the economy (Wu and Yeh, 1997). With the arrival of 

foreign investors, the land demand significantly increased from international 

corporations to set up their regional headquarters and offices in China from the 1980s 

(Ke and Sieracki, 2015). This led to the commercial real estate markets first emerging 

in the cities such as Beijing, Shanghai and Guangzhou, as these cities demonstrated 

relatively strong local economies and had good global connections (He and Zhu, 2016). 

The foreign investors were mainly Asian from Hong Kong, Singapore and Japan due 

to the geographical and cultural proximities (National Bureau of Statistics of China, 

2015). However, the average FDI between 1984 and 1989 only accounted for 0.7 per 

cent of Gross Domestic Product (GDP) (Tseng and Zebregs, 2002), indicating that the 

overseas investors played only a small role in the market given that land development 

remained centrally controlled by the State (Fu, 2009).  

2.2.3. Early Development Stage (1987-1994) 

The year 1987 set a milestone for land development as it allowed for the first time 

Land Use Rights (LURs) to be transferred in Shenzhen as a pilot city for urban land 

reform (Koroso et al., 2013). Later in 1988, LURs reform officially took place in China, 

with the Constitution and Land Administration Law stating the separation of the LURs 

from its ownership (Qin et al., 2016). Tian and Ma (2009) considered that the Chinese 

land market coincided with the launch of the LURs system, given the reform officially 
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allowed the right to use land transferred in the market, although the land was still 

owned by the state in name (details on land ownership refer to as Section 2.3.2). Since 

then, the market-orientated real estate market started to develop, supported by the 

enactment of property-related legislation and emergence of real estate services (Fung 

et al., 2010) .  

The land reform enabled a major transformation of urban spatial structure both within 

city centres in the form of redevelopment for commercial uses and within peripheral 

areas in the form of urban expansion for economic and technological development 

zones. The quantity and quality of commercial assets in city centres was insufficient 

in the late 1980s, given the previous focus on the development of industries in urban 

fringe areas. For instance, only four office buildings existed in Shanghai back in 1988, 

accounting for 58,5000 square metres (Ke and Sieracki, 2015). The land market 

started to become active after the adoption of LURs reform, with the number of LURs 

sales increasing from 5 to nearly 104,000 lots from 1987 to 1996, with the urban areas 

increasing from 0.15 square kilometres to 22.70 square kilometres respectively in 

China (Ding and Knaap, 2001). At the same time, a number of real estate service 

companies were also set up in China driven by the increasing volume of real estate 

activities. They collected data and information on the property market in the localities, 

carried out local market research and provided services such as real estate 

management and investment (Yan and Chan, 2016).  

2.2.4. Fast Development Stage (1994-present) 

One of the aspects designed to promote urban expansion during the 1990s was the 

implementation of a number of reforms to decentralise the fiscal power from central 

government to local administrations, namely the Fiscal Responsibility System (FRS) 

Reform and Tax Sharing System (TSS) Reform (Huang et al, 2015). These changes 

transferred the responsibility for promoting local development and economic growth 

from central government to local officials. As discussed in section 2.2.1, all land 

development together with its associated revenue was assigned by the central 

government to each local authority. However, in order to promote municipalities’ 

urbanisation, the Fiscal Responsibility System was first implemented from 1988 to 

1993 to re-distribute the responsibilities of economic development and revenue 

generation to municipal governments (Lin and Yi, 2011). This enabled local 
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governments to assume the primary responsibility for urban growth and also provided 

great motivation for revenue generation (Gao et al., 2014).  

However, local government became the main beneficiary of the rapid economic growth 

under FRS with little revenue received by central government (He et al., 2016). Due 

to this decreasing revenue, the central government abolished the FRS and adopted a 

Tax Sharing System since 1994 to distinguish between central and local economic 

development-based taxes (Wong, 2000). Taxes collected by the central government 

include customs duties, income taxes, urban construction and maintenance taxes for 

the railways, bank headquarters and insurance companies; whereas taxes collected 

by the local governments include urban land use taxes, the rest of the urban 

construction and maintenance tax, real estate taxes and the fixed asset investment 

orientation tax, etc. (State Administration of Taxation, 2016). Moreover, some taxes 

were shared at a fixed rate by central-local government (Table 2.1), namely Value 

Added Tax (VAT) on goods, corporate income tax, individual income tax and stamp 

tax on securities. The Tax Sharing System subsequently changed the central and local 

financial relations and substantially raised the central revenue at the expense of 

reducing that received by local government (Lin and Yi, 2011).    

Table 2.1 Tax Shared by Central-local government 

 Central Local 

VAT on goods 0.75 0.25 

Corporate Income Tax 0.6 0.4 

Individual Income Tax 0.6 0.4 

Stamp Tax on Securities 0.97 0.03 

Source: Wang and Herd (2013) 

Facing the declining finance for local government, land development along with its 

associated LURs fees has become an important option to promote economic growth 

and relieve local finance pressures. This was evident given that local authorities can 

confiscate rural land by paying farmers a small compensation cost and sell the LURs 

at a much higher price (Yang and Wang, 2008). This profit-seeking exploitation by 

local government led to significant urban land expansion, especially after the middle 

of the 1990s (Chen et al., 2016). Large development projects such as the creation of 

Central Business Districts (CBDs) and Research and Development (R&D) facilities, 

alongside the improvement of infrastructure including railway construction, occupied 
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increasing amounts of land and contributed to urban land development (Huang et al., 

2015). As a result, the real estate industry has become an important driver of China’s 

economic growth, with land expansion and leasing heavily relied on to contribute to 

local revenue growth (Fung et al, 2010). However, despite the fast growth of real estate 

development driven by the policy and the associated profit-seeking behaviour, this 

fiscal decentralisation of distributing administrative powers to local government is 

believed among scholars to give rise to the imbalanced development (section 2.3.1), 

which in turns leads to certain problems in the market (section 2.3.2). 

2.2.5. Real Estate Market Maturity in China 

Despite the rapid ongoing urbanisation process in China, it is important to recognise 

the current maturity level of the Chinese real estate market. This is because market 

maturity is closely interconnected with economic development, and the level of 

maturity can in turn determine the attractiveness of real estate, reflected by certain 

desirable market qualities (Akinbogun et al., 2015). Chin and Dent (2005) also 

advocated that maturity studies are important in examining property market 

performance because it can imply the type of real estate products that are suitable to 

offer in the market. Indeed, Gohen and Galiniene (2014) reflected that the level of real 

estate market maturity can encourage or discourage international and domestic 

investors to direct their capital volume inflows. 

Although maturity is frequently discussed in a real estate market, there is no clear 

definition of maturity from a real estate perspective given the complexity of the concept. 

Instead of defining maturity, several researchers described certain features of a 

mature real estate market. In this context, the paper by Keogh and D'Arcy (1994) is 

widely acknowledged as one of the most important contributions (Chin and Dent, 2005; 

Akinbogun et al., 2015) with the authors arguing that a mature real estate market is 

characterised by six criteria, i.e. sophisticated regulation, standardised market practice, 

extensive market data, flexible market adjustment, open market, as well as capable to 

accommodation investment objectives. While being extensively used as a framework 

to assess market maturity among European countries, Lee (2001) nevertheless 

expressed concern regarding the partial picture of real estate market characteristics 

and one which  neglected  market performance such as measures of risk and return. 

Highlighting the importance for market outputs, transparency was used as an 
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alternative measure by Lee (2001) to indicate market maturity. A positive relationship 

between transparency and market maturity was identified, which implied that a mature 

real estate market tends to have strong transparency, as transparency can improve 

real estate market maturity by increasing market efficiency and encouraging real 

estate investment from both domestic and international companies. Gelos and Wei 

(2002) supported that investors can make investment decisions promptly and correctly 

in a locality if an accurate and comprehensive database, such as property rents, yields, 

and transaction prices, are available at hand. The transaction costs can also be 

reduced for all participants with better market efficiency. Seyoum and Manyak (2009) 

further noted that higher transparency tends to attract more FDI given that international 

investors require extensive market information. As a result, higher transparency 

attracts more institutional real estate investors with  comprehensive information on real 

estate asset performance reducing uncertainty and stimulating investors’ demand for 

different types of properties (Dhar and Goetzmann, 2006).  

Within the context of China, the Jones Lang LaSalle (JLL) Global Real Estate Markets’ 

Transparency Index initially categorised Chinese cities in into three tiers2 (Table 2.2), 

with each tier positioned in different transparency categories. As observed from Table 

2.2, the transparency ranking decreased noticeably between Tier 1, 2 and 3 cities, 

reflecting that professional standards and their enforcement are not consistent across 

the different tier. This vertical dimension has been discussed by  Fung et al. (2010) 

who argued that  Tier 1 cities achieve a higher level transparency compared to those 

in Tier 2 and 3, given that there is greater coverage and better-quality of real estate 

services such as facility management services, property market research, market 

intelligence and international standard appraisal, which promotes  greater 

transparency. Furthermore, Ke and Sieracki (2015) noted that longer and more 

comprehensive data series are readily available in Tier 1 cities as international real 

estate consultancies entered Chinese prime cities like Shanghai and Beijing from 

1990s. In contrast, international real estate companies such as JLL entered into lower 

tiered cities like Chengdu only in  2006 and Xi’an  in 2014 and are only preparing to 

 
2 Based on their reports, the latest version published in 2018 ceased to rank tiered cities, resulting in a 

more homogenous and generalised transparency evaluation. 
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enter Zhengzhou (JLL, 2020). Thus, whilst the databases and real estate services are 

developing in the lower tiers, they still have not reached the level of Tier 1 cities.   

Table 2.2 Chinese Real Estate Transparency, 2010 – 2018 

Market Level of 
Transparency 

2010  2012  2014  2016 2018 

China Tier 
1 

Semi-
Transparent 

45th 32th 35th  33th  33th 

(Semi) 

China Tier 
2 

Semi-
Transparent 

54th 46th 47th  55th 

China Tier 
3 

Low to Semi-
Transparent 

65th 

(Low) 
55th 

(Semi) 
54th 

(Semi) 
66th 

(Semi) 

Source: JLL Global Transparency Index, 2010 – 2018 

Transparency is also improving horizontally from 2010 to 2018, with Tier 3 cities, 

especially, moving from a ‘Low Transparency’ classification in 2010 to ‘Semi-

Transparent’ after 2012. This was largely due to enhanced data availability and 

growing domestic and international investment which triggered greater market 

transparency  (JLL, 2014). Yang et al. (2015) argued that the improved ranking for 

each tier is a function of increased market information, with the transaction of Land 

Use Rights in a public auction instead of private negotiation enhancing  transparency  

by making market data available to the public. Furthermore, Wong and Lin (2015) 

considered that  the  transparency improvement in Tier 3 cities in part is due to 

government  relocating  enterprises away from upper tiered cities to cheaper locations 

with larger parcels of land. Indeed, local government in lower tier cities such as 

Zhengzhou have implemented incentives to promote industrial development zones 

and to attract foreign investment. These zones offer factory space and industrial land 

with infrastructure, as well as local incentives for foreign investors to receive a refund 

of 30 per cent of the tax paid on the share of income (KPMG, 2008). However, there 

is a clear oversupply of land in lower tiered cities, as local governments compete with 

each other to lease industrial land at a lower price and the planning system fails to 

adequately control the approval of land for new construction (Huang and Du, 2017). 

Shanghai and Beijing, consequently, still remain the favoured investment destinations 

for multi-national companies, due to their geographical advantage with better 

international connections with larger market size, relatively sound economic 

environment, and the access to first rate universities and qualified talent (JLL, 2015).  
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Apart from market transparency, Falkenback et al. (2010) advocated a mature 

property market should have a sustainable stock of commercial property and deliver 

a sustainable economy through social and economic changes. In order to provide 

greater building efficiency and reduce environmental impacts, initiatives such as the 

green agenda, building rating benchmarks and energy-saving incentives from the 

government are largely promoted in developed real estate markets.  

In contrast, emerging markets have been slower to embrace the green agenda, 

evidenced by the small number of sustainable buildings (Zhang et al., 2018). 

According to Samari et al (2013) one explanation for limited green building 

construction in emerging markets could be due to the lack of experience. Indeed, in 

China, the concept of sustainable buildings only started when the government  

released the Three-Star Green Building Evaluation Standard in 2006, which aimed to 

reduce water, energy and land use by improving indoor environments, operation and 

management (Tang and Ng, 2014).  Khanna et al. (2014) discussed the slow reaction 

by developers to take interest in green buildings, discouraged by the cost premium 

versus the cash incentives problems offered by the government. In this context, Geng 

et al. (2012) identified several challenges in China including the lack of indicators on 

climate change, lack of region-specific indicators to localise  standards given the vast 

territory and differentiated climatic zones, and the lack of quantitative indicators to 

benchmark building performance. Thus, actions to encourage the participation of the 

various stakeholders (owners, occupiers, users) with the concept of sustainable 

development and life-cycle events/considerations are needed in China (Ding et al., 

2018).  

In summary there are many challenges facing Chinese cities namely market 

transparency, sustainability and the green agenda, all of which impinge upon the 

valuation methods employed. As the literature shows, market maturity is associated 

with the accessibility of quality market data and administrative systems, which in turn 

influence valuation standards and practice. In this respect the next section discusses 

the land administrative system in China to get a better understanding about the 

Chinese real estate market on an administrative level. 
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2.3. Urban Land Administrative System in China 

The government and policymakers play a significant role in the real estate market, as 

urban governance is the foundation of land administration and helps with the efficiency 

of land management and real estate development (Burns and Dalrymple, 2008). 

Evidenced in section 2.2, the Chinese government is of particular importance to the 

country’s urbanisation, given the urban development process is by no means 

disconnected with government policy intervention (Tan et al., 2005). Concerned by 

Friedmann (2006), it is simplistic and deterministic to examine the Chinese real estate 

market merely from an economic perspective, as it overlooks the fundamental social 

and political conditions in China. In the opinion of Li et al (2015), the land administrative 

system is a strategic component of land policy and is a fundamental pillar for economic 

growth. The following section looks at the relationship between the hierarchical 

structures of the Chinese urban administrative system and the real estate market.     

2.3.1. Chinese Administrative Divisions  

Due to the fiscal decentralization implemented in China (section 2.2.4), land is 

administrated by a dual legislative system of both central and local governments 

(Ratcliffe and Yu, 1990). At the central level, the National People’s Congress (NPC) 

and its Standing Committee are responsible to promulgate, revise and abolish laws 

(such as the Constitution, Land Law, Land Administration Law, Urban Real Estate 

Administration Law and Rural and Urban Planning Law) and regulations in a strategic 

way (NPC, 1982). State Council, which is the central government, implements the laws 

and regulations delegated from the NPC and its Standing Committee, and supervises 

the administrative ministries and departments at central and local levels (Dong, 2007). 

Theoretically NPC and the Standing Committee delegate constitutional changes and 

new laws and regulations to the State Council. However, in most cases the NPC 

approves the legislation that the State Council submits (BBC, 2015).  

At the local level, there are four governmental divisions, namely provincial-level 

government, municipal-level, county level and township level (NPC, 1982). China is 

geographically divided into 22 provinces 3 , 4 Direct-Controlled Municipalities 4 , 5 

 
3 Such as Guangdong province. 
4 Cities of Beijing, Tianjin, Shanghai and Chongqing. 
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autonomous regions5  and 2 Special Administrative Regions6 (SAR). Given that Hong 

Kong and Macau exercise a different social system and autonomous regions possess 

self-government rights, this dissertation only considers the land system within the 22 

provinces and 4 DCMs. The administrative division is summarised in Figure 2.27. The 

Local People’s Congress and its Standing Committee at provincial level are entitled 

with legislative power (Tian, 2008). To date, the local legislative authorities cover all 

provinces, DCMs, autonomous regions, SARs and all municipalities with districts (NPC, 

2015). In terms of land administration, local governments with legislative powers are 

responsible for the implementation of additional and detailed regulations compliant 

with the State regulations in their own regional areas (NPC, 2015). 

Figure 2.2 Administrative Divisions in China 

 

 

Li et al. (2015) inspected the relationship between this hierarchically administrative 

structure and the process of urbanisation. The findings revealed that the significant 

driving forces of land development were influenced by the administrative ranks, where 

cities with higher administrative ranks tended to expand more rapidly. Furthermore, 

 
5 Provinces of Tibet, Inner Mongolia, Xinjiang, Guangxi and Ningxia. 
6 Hong Kong and Macau. 
7 This diagram does not explain the situation in every province but rather summaries the administrative 

division in general. For example, in Henan province, the provincial government directly oversees the 

municipal regions and 5 counties at the county level at the same time.  
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both economic and demographic drivers of urban growth (including domestic fixed 

assets investment, FDI, urbanization rates and urban population) also reacted in 

accordance to the administrative ranking. This hierarchical system has, therefore, 

reinforced the imbalance in land development. Ke et al. (2009) who investigated the 

determinants of urban spatial scale of Chinese cities within a hierarchical 

administrative system, found that the government decisions imposed strong influences 

on urban scale and development. Furthermore, in the opinion of Shen (2007), the 

rescaling of central-local government did not just mean a declining power from top to 

bottom, but rather an interaction and negotiation between the two parties in terms of 

administrative powers, urban development, investment and taxation. This hierarchical 

administration for different levels represented the power of local government, where a 

higher-levelled municipal government tended to correspond to stronger policy-making 

power. Dong (2007) further added that there was a particularly important role at the 

provincial level, as it received the directives and instructions from the State, which in 

turn either directly implemented (DCMs) or relayed to the lower levels (provinces). 

However, Zhu (2008) argued that the central government cannot always ensure 

compliance at the local, leading to systematic deviations from the central policies in 

the course of local implementation. Liu et al. (2016) agreed that local policies can 

sometimes be deliberately incompliant with the central guideline by complying in 

appearance but ignoring in practice, partially carrying out or laying aside the policies 

with reservation, in order to maximise the local financial interest. 

Consequently, it can be seen that the concept of administrative divisions remains 

empirically important in the Chinese real estate market because the strict 

administrative hierarchy acts as a dynamic, strategic but also an uneven component 

for state management and policy implementation. This hierarchical system is, 

therefore, considered in this thesis as the underpinning and fundamental reason to 

support case study selection (section 2.5).  

2.3.2. Land Tenure System and Urban Land Development Process 

The land tenure system was challenged after the implementation of the open-door 

policy in 1979 due to the limited access to land verses the increasing arrival of foreign 

business and FDI (Ding, 2003). The land management system barely existed as there 

was virtually no land administration or specific regulations with regards to the land-use 
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approval procedures (Tang, 1989). In order to lease land to foreign investors, the 

government separated the Land-Use Rights (LURs) from the urban state-owned land 

ownership in the 1980s (Chan, 1999). The first Land-Use Rights transaction was 

conducted in 1987 in Shenzhen, trading a 5,000 square metre land plot to a local 

industrial company by the Shenzhen municipal government at a price of RMB 200 per 

square metre (Tang, 1989). This set a milestone in urban land administration in 

contemporary China, although the land price was settled by private negotiation. The 

Land-Use Rights was later legalised at a national scale in 1988 under the Land 

Administration Law. This saw the Chinese government retain the legal ownership of 

land while the rights to use lands are transferable in the open market (Li and Walker, 

1996). LURs transactions have become popular since then. 

Figure 2.3 Land Market Structure 

 

 

Source: Adapted from Zhu (2008) 
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To further provide legal guidance on the practice of Land-Use Rights, the State 

enacted the ‘Grant and Assignment of State-Owned Land Use Rights in Urban Areas’ 

in 1990, which stipulated that Land-Use Rights can be circulated in the land market by 

way of allocation, transfer, lease or mortgage (The State Council, 1990). Normally, the 

circulation methods can be divided into a three-level land market (Figure 2.3). In the 

primary market, the land is firstly converted from rural areas or urban existing land 

users, land allocation or LURs transfer is then carried out by the municipal government 

to the developers in accordance with the urban planning (Tian and Ma, 2009). Yan et 

al. (2014) summarised three ways of land conversion. Firstly, LURs are transferred to 

the developers by the existing land uses of State-owned Enterprises. Developers 

could refurbish or redevelop the land by applying for the change of land use purpose. 

Secondly, municipal government purchases the LURs from the existing urban land 

users by paying them compensation fees, demolishes the previous buildings, conducts 

initial development such as site clearance, land levelling, and then transfers the LURs 

to developers. Thirdly, municipal government confiscates the rural agriculture land and 

then develops land conducted under the second way.  

Allocation and LURs transfer are the two circulation ways of LURs in the primary 

market. The key difference between the two is that central planning has a major role 

in the former, whereas the market is the key player in the latter (Chau and Lai, 1995). 

The primary land market is monopolised by and under the strict control of the State in 

China (Ma, 2015). Allocated LURs is used for the purposes of state-owned enterprises, 

military, urban infrastructure and public welfare with unlimited time period (Standing 

Committee of National People's Congress, 2007). LURs transfer, on the other hand, 

is used for the transaction of LURs from the municipal government to land users for a 

fixed term depending on the land uses as shown in Table 2.3. The LURs transaction 

fee is realised by the market through private negotiation, public auction, tender and 

listing (details on auctions refer to as section 2.3.3). However, since 2004 the Ministry 

of Land and Resources forbids the negotiation of LURs private sale, meaning that 

urban land has to be supplied by the municipal government through tender, listing and 

public auction (Cai et al., 2013). 

 

http://www.law-lib.com/law/law_view.asp?id=6611
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Table 2.3 Term Duration of LURs in Urban Area 

Purpose LURs Use Term 
Residential use 70 years 
Industrial use 50 years 
Educational, scientific and 
technological, cultural, health care and 
sports use 

50 years 

Commercial, tourism and recreational 
use 

40 years 

Combined use  50 years 
Source:  Grant and Assignment of State-Owned Land Use Rights in Urban Areas, 1990  

 

The secondary land market is where land is physically improved and developed by the 

developers (Ma, 2015). The improved/developed properties can, therefore, be 

assigned to a third party by way of lease (rental) and mortgage (sale) (Liu et al., 2016). 

In the tertiary market, the improved/developed properties can be further transferred 

among land users, with the remaining unexpired term of the LURs passing on to the 

next land users (Zhu, 2008). LURs for residential use can be renewed automatically 

at expiration of the term in accordance with the Ordinance of the Conveyance and 

Transfer of Land Use Right in 1990. Renewal for commercial use, on the other hand, 

needs to be applied for one year before the expiration (MLR, 1990). The application 

to renew shall be approved if the land is not to be expropriated for public interest 

(Standing Committee of National People's Congress, 2007). However, there is not yet 

any regulations introduced regarding the conveyance fees for both residential and 

commercial use given the immaturity of Chinese land market and the fact that these 

terms have yet to expire.  

Existing literature has largely focused on the impact of the land tenure system on the 

land market in terms of management, urban land efficiency, or comparison before and 

after the prohibition of negotiation in 2004. For instance, Koroso et al. (2013) assessed 

the process of LURs transfer compliance with the basic principles of good governance 

in China, with particular attention on the primary market. The authors worried that the 

land tenure system in China was susceptible to power abuses and misuses, given the 

fact that the majority of land conversion in the primary market came from acquisitions 

of rural land. Although compensation was paid for the governmental expropriation, it 

was not based on the market value but rather domain power with low-cost 

http://www.law-lib.com/law/law_view.asp?id=6611
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compensation fee. Indeed, evidenced by Lin and Zhu (2014) who investigated land 

incremental value through the land tenure system, only 2% of the total land revenue 

gains were received by the farmers, compared to 18% to governments and 80% to 

developers. The big distribution of developers who benefited by high property prices 

inevitably led to housing affordability issues in China. Lin and Zhu (2014) further 

argued that an imbalanced proportion in the land incremental value was partly due to 

the lack of necessary regulations regarding profit in real estate development. Apart 

from that, this thesis further considers that the issue of imbalanced land gains and 

associated housing affordability issue can be as a result of the inconsistency between 

top-down policy-making decisions and land tenure system. Specifically, in the land 

tenure system, the local government is responsible for land development; whereas the 

regulations and policies need to be made by the central government according to the 

land administrative system (section 2.3.1). As Liu et al. (2016) noted, in order to 

balance regional development and land protection, the central state has developed a 

range of regulations to improve the efficiency of urban land use. Local governments 

empowered with the capacity to facilitate or delay land developments, often make 

decisions to maximise their own interests regardless of the presence or absence of 

central policies. In this way, land policies introduced by the central government aimed 

at improving land use efficiency may not be effectively implemented by local 

authorities, as interests in local land development lie neither in the efficient utilization 

of land resources nor urban land supply marketization, but rather the expansion of 

local finance coupled with the growth of economy (Liu et al., 2016). Consequently, this 

hierarchical gap between execution (local government) and administration (central 

government) of land development may hinder the governance of the Chinese land 

market in a timely manner and hence, potentially, leads to land use inefficiency. 

Furthermore, Tian and Ma (2009) investigated how the LURs system of monopolised 

land supply influenced city development in Guangzhou. The authors argued that the 

intervention of land supply substantially contributed to local revenue which was able 

to finance the infrastructure construction, facilitate the city growth and attract 

investment. On the other hand, such revenue gain was at the cost of an oversupply of 

land in the early 1990s (section 2.2.4). Indeed, under the top-down political 

centralisation and fiscal decentralisation, the local government interests in urban land 

development were driven by two factors, generating local revenue and promoting the 
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local economy. It was supported by He et al. (2016) that the local government directly 

benefits from selling industrial LURs at a low price in order to increase local budget 

revenues, while promoting regional economic growth and maintaining city 

competitiveness. Kajitani and Fujii (2016) further justified the low transaction price of 

industrial LURs as a result of a strong mutual influence by the neighbouring cities, 

consequently a low LUR cost for industrial land can serve as a powerful tool for local 

government to attract investment in competition with surrounding cities.  

Peng and Thibodueau (2012) examined the market efficiency by comparing the 

relationship between LURs transaction fees and residential property prices before and 

after the prohibition of negotiation in 2004 across seven Chinese cities. The authors 

regarded the method of private negotiation as a way of reflecting the “search-based 

competitive market”, although Lin and Ho (2005) considered that private negotiation 

was the least transparent and can be easily manipulated. Nevertheless, Peng and 

Thibodueau (2012) stated that the post-2014 land market was characterised with 

arbitrary land supply, as the search-based competitive land market was eliminated. 

Furthermore, their findings showed that LURs transaction fees were less informative 

in reflecting land demand, given that the arbitrary land supply after 2004 weakened 

the relationship between observed land transaction prices and the market demand for 

land (denoted by the property price).  

Yan et al. (2014) extended the investigation of Peng and Thibodueau (2012) and 

examined the impact of strengthened government intervention in land supply on 

housing supply within 16 major Chinese cities. The authors considered that the reason 

for the reform of urban supply was for local government to impose more strict controls 

over urban land development as well as to increase their local revenue. The results 

showed a clear decline in residential land supply after 2004, with the highest decline 

rate observed in the largest cities including Beijing, Shanghai, Shenzhen and 

Guangzhou. This suggested that the residential land supply failed to keep pace with 

increased demand in the sample cities, especially in the largest cities after 2004. The 

findings were in line with Du and Peiser (2014) who noted that the shortage in land 

supply is a result of local governments’ hoarding behaviour in China in attempt to 

maximise the local revenue. The authors indicated that the magnitude of land hoarding 

by local authorities had changed along with the progress of land reforms and that the 
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increase in land transactions through market mechanisms after 2004 has incentivised 

more rampant land hoarding by local authorities, leading to a shortage in land supply 

as well as a much higher market transaction price.  

This thesis puts an emphasis on the primary market, with particular attention on the 

vacant land transfer from government to developers by way of public auction from a 

valuation perspective. Consequently, it is necessary to investigate to what extent 

public auctions impact on LURs transaction fees (section 2.3.3), valuation standards 

practised in China (section 2.4) and the valuation method of vacant land (section 2.5). 

2.3.3. Types of Land Auctions in China 

With the aim to improve market transparency as well as strengthen the market control, 

all the LURs are required to be transferred by means of tender, listing (or two-staged 

auction) and public auction (or regular English auction) after 2004. Among the three 

types of land transfer methods (referred to as “land auctions” in the following context, 

regular English auction and listing (two-stage auction) are the two main types of selling 

LURs in most cities (accounting for 97% of LURs sales). Tender, on the other hand, 

is barely used.  

One uniqueness of the land auctions in China is that the land planning purpose and 

the development restrictions are determined in advance of the land transaction (Bao 

et al., 2014). Usually, basic information such as plot’s location, size, planning 

restrictions, the designated use, and LURs use term is announced at local land trade 

centre and official website (www.landchina.com) 20 working days before the auctions 

(MLR, 2006). Potential bidders can look at the plot free of charge and obtain more 

detailed information with a small fee (Cai et al., 2013). For participants to attend the 

auctions requires qualification with a formal application and cash deposit of 10 per 

cent of starting price submitted (MLR, 2006). The type of auction method is decided 

by local Land and Resources Bureau and can be held by the local Land and Resources 

Bureaus themselves, subordinated offices or agencies appointed by bureaus. The 

auction hosts need to meet the requirement set by the land and resource bureau and 

obtain qualification for the auctions. A detailed process of an auction is shown in Figure 

2.4. 

 

http://www.landchina.com/
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Figure 2.4 Land Auction Process in China 

 

Source: MLR, 2006 

The English auction approach is public and often videotaped with the press present. 

At the beginning of an English auction, the host announces the start of the auction and 

describes the turn-up of participants. Starting price is passed to the host and unsealed 

by the host at the beginning of the auction. The plot’s location, size, purpose, use 

period, development restriction and contraction period are described. Qualified 

bidders8 raise bids by at least a required increment until only one bidder remains. The 

last bidder wins the auction and pays for the bid provided it exceeds the reserve price 

(MLR, 2006). 

The first stage of a two-stage auction normally lasts 10 working days after it starts. 

Land location, size, purpose, use period, development restriction, starting price and 

increment are announced at land trade centre. Qualified participants make entry 

decisions sequentially and can bid either online or through filling price sheet. The land 

trade centre updates the latest bid in real time and waits for a higher bid until the 

closure of first-stage auction.  At the end of first stage, all participants should attend in 

 
8 Qualified bidders must hold a legal certificate of real estate development and a copy of the business 
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person and show willingness if they would like to continue to compete after the highest 

bid is announced. If there is no one showing interest, the LUR is assigned to the 

highest bidder at first stage (the bid must be higher than reserve price). If there is more 

than one bidder willing for further competition, the auction moves to the second stage 

which follows the English auction process (MLR, 2006). 

Table 2.4 Comparison of English Auction, Two-stage Auction and Tender 

 English Auction Two-stage Auction Tender 

Starting price is 
shown to public 

No Yes No 

Institution which 
sets starting price 

Auction 
committee 

Grantor Tender Committee 

Need for 
independent 
committee 

Yes No Yes 

Bidding method 
Raise bids in 
auction 

Bid online; or 
Post bid sheet 

Post tender sheet 

Number of bids More than once More than once Once 

Minimum bidders 2 1 2 

Selection of 
winning bidder 

Highest bid (no 
less than reserve 
price) 

Highest bid at given 
time 

Highest bid; or 
Best candidate  

  

Tender is currently less-used and almost exclusive in Beijing and Shanghai, which is 

more akin to a sealed-bid auction (Dillon, 2013). Tenderers usually post the price sheet 

file and can only bid once. The host inspects the validity of these files. The winning 

bidder can be selected either by the highest bid (but no less than reserve price) or the 

best candidate for the plot (supervised and evaluated by the Bid Evaluation 

Committee). The winner receives notice of contract award, and the rest bidders also 

get informed of the unsuccessful bidding results. Table 2.4 shows the comparison of 

three types of auction. 

The winning bidder is expected to develop the land themselves. Any change of the 

designed restrictions need approval from the government, but this does not often 

happen given that developers normally have a restricted time to commence the 

construction (around 180 days) (Bao et al., 2014). In addition, 20% of the land’s 

acquisition fee is penalised if the bidder fails to commence the development after one 
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year of the date specified in the contract, and the developer can lose the LUR if 

development is not started within two years (Dillon, 2013).  

Qu and Liu (2012) compared the pricing differentiates between the Chinese land 

auction methods and non-auction methods in Beijing from 2003 to 2010. The results 

revealed that the auction methods produced higher LURs compared to non-auction 

methods by almost 40%. Regarding how the selection of auction methods influence 

the LURs premium, Lei and Li (2007) believed that, theoretically, the practice of public 

auctions did not trigger a higher land value as it does not change the equilibrium 

between supply and demand, but rather the Chinese land market was beneficial to the 

standardised procedure of the sale of LURs through public auctions as they provided 

a relatively transparent and fair environment. In contrast, based on 691 land 

transactions in Beijing from 2006 to 2012, Yang et al. (2015) examined the price 

differences between the most applied transaction methods of tender and two-stage 

auction. The findings revealed that prices in tender were generally lower than those 

for two-stage auction, which is due to the reason of the price mechanism itself. Indeed, 

the process for tender auction just involved one bid (Table 2.4) and the government 

selected the chosen developer after evaluation; whereas the mechanism of two-stage 

auction required repetitive bidding, which was likely to increase the final transaction 

price. However, the Yang et al. (2015) cannot provide a firm conclusion to determine 

which was the best type of auction or the effectiveness of government intervention.  

In a recent study, Wang and Hui (2017) further examined the politically-motivation 

effects on the local government revenue maximization behaviour through English 

auction and two-stage auction in 286 Chinese provincial-level cities. Their results 

demonstrated that the two-stage auction was applied more frequently when the city 

was experiencing a housing market boom. In addition, the two-stage auction was also 

a preferred method for LURs transfer in the cities with higher housing price and faster 

economic growth. This indicated a positive response to the real estate regulation policy, 

which led to more intervention in land auction. In another study on the driving force 

behind the official land auctions by Cai et al (2013), two-stage auctions were 

evidenced to be less competitive and consequently produced smaller revenue than 

the English auction. Furthermore, the authors noted that English auctions were 
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adopted in situations where it was important to appear transparent, indicating that a 

two-stage auction is more likely to be associated with corruption.  

2.4. Valuation Standards in China 

There are three professional organisations in China, the China Institute of Real Estate 

Appraisers (CIREA), the China Real Estate Valuers Association (CREVA) and the 

Chinese Appraisal Society (CAS). Each institute provides different valuation services 

for varying purposes (Table 2.5). Real estate appraisers are licensed by CIREA under 

the regulation of the Ministry of Housing and Urban-Rural Development. Types of 

valuation include mortgage, demolition and compensation (CIREA, 2016). Land 

valuers are registered by CREVA under the management of the Ministry of Land and 

Resources. The land valuers focus on the valuation of LUR conveyance, land transfer 

and land development (CREVA, 2016). Certified public valuers are approved by CAS 

under the supervision of Ministry of Finance, who are engaged in the appraisal of 

business valuation, state-owned asset valuation and IPO listings (CAS, 2016). 

However, the central government discontinued the administrative power to register 

land valuers and certified public valuers in 2014 to reconcile the segmentation of the 

three valuation bodies (The State Council, 2016). Now appraisers who want to gain 

employment as a land valuer only need to engage in the land valuation or be employed 

by a land registration agency (CREVA, 2014). Cao (2015) believed it was a major step 

to reduce the government intervention in the real estate market. Yan and Chan (2016), 

on the other hand, argued that the discontinued registration of land valuers and 

certified public valuers leaves the main purpose of CIREA to carry out examination for 

valuers’ registration. According to CIREA, four subjects are covered in the national 

examination, i.e. real estate regulations and policies, real estate development and 

management, real estate appraisal methods and case analysis (CIREA, 2016). Other 

knowledge and skills required by the international professional bodies, such as 

proficiency in English, the obedience of professional codes, skills in interviews and 

reports, are absent in the Chinese real estate institute examinations, leaving the 

Chinese appraisal institutes and its membership less competitive (Yan et al., 2016). 

As a result, some international investors would rather hire valuers in Hong Kong or 

other countries to invest in China (Chan, 2004). 
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Table 2.5 Certification Issued by the Professional Bodies and Associated Ministries 

Certified Title   Professional Body Associated Ministry 

Real estate appraiser CIREA 
Ministry of Housing and Urban-
Rural Development 

Land valuer 
(discontinued) 

CREVA Ministry of Land and Resources 

Certified public valuer 
(discontinued) 

CAS Ministry of Finance 

Source: CIREA, CREVA and CAS, 2016 

In 1999, CIREA published the first uniform valuation standards for Chinese valuers 

known as Code for Real Estate Appraisal (Hemphill et al., 2014). The code specifies 

the valuation principles, procedures, real estate valuation methods, applications of 

methods, results, the report format and ethics (Ministry of Housing and Urban-Rural 

Development, 1999). Heavily influenced by the methods from Hong Kong, the United 

Kingdom and Japan due to the immaturity of the Chinese real estate market, the 

valuation approaches used in China are, market comparative method, income 

methods, cost method, residual method and Land Benchmark Price method (Wong, 

1998). Appraisers are required to use at least two methods with the prior consideration 

of market comparative method (Ministry of Housing and Urban-Rural Development, 

1999). The code specifies 12 different valuation purposes including Land Use Rights 

conveyance, real estate transfer, lease and mortgage, real estate insurance and 

taxation, etc. and provides detailed methods for each valuation purpose. For example, 

it states that the market comparative method, residual method and LBP method can 

be used to value the sale of Land Use Rights, with LBP method identified as the unique 

method used in valuation practice compared to the majority countries. However, the 

residual method faces two major challenges when calculating the land price (Chau 

and Lai, 1995). One of the drawbacks is the information demanded of the gross 

development value, which largely relies on a sizeable amount of market sales data. 

Another limitation is that the residual value could be too low to reflect the actual land 

price after the building cost is deducted from the gross development value in some 

inland Chinese cities. This is still the case nowadays in less-developed Chinese cities. 

As a result, most cities choose to use LBP method to value land (section 2.5). 

In addition, the Code of Real Estate Appraisal defined market value as “the most 

possible price sold in an open market” (CIREA, Section 2.0.8) whereas an open 
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market, described by the code, refers to the market that “maximises the economic 

interest, has the necessary market information, enables enough time for transaction 

and has expertise and appropriate trading conditions” (CIREA, Section 2.0.7). In 

comparison, the market value defined by IVS or Red Book is more detailed in 

conceptual framework. Hemphill et al. (2014) argued that the less specific definition 

outlined by CIREA in China could be explained by the fact that the practice of current 

land tenure system and allocated Land Use Rights made the Chinese real estate 

market function differently from those established markets.  

As evidenced by the Code of Real Estate Appraisal of practice in land valuation by 

using LBP method, the following section, hence, focuses on the rationale behind LBP 

and its influences in the Chinese land market.  

2.5. Land Benchmark Price Method in China and Wider Asian Context 

The challenge faced by the Chinese government and scholars after the introduction of 

LURs in China was to determine and regulate the sale price of land. As a result of the 

long-term practice of land allocation, there was no land price data or basis for valuing 

the sale price of LURs. The government, therefore, created a Land Benchmark Price 

(LBP) to reflect the lack of transaction data and guide the market transaction prices (Li 

and Walker, 1996). The LBP was published by the Bureau of Land and Resources to 

act as an initial reference point for LURs sale (Beijing Municipal Government, 2002), 

as well as a means of auditing government revenue from LURs sales and the auditing 

urban land leases (Beijing Municipal Government, 2014). LBP is being practised in 

various Chinese cities, with customised influencing factors, different frequency of 

updates and different instruction manuals.  

The concept of LBP has also been commonly used in a wider Asian content. For 

example, a similar government-imposed Land-Price Framework (LPF) is practised in 

Vietnam for compensation, acquisition, land allocation and taxation purposes (Thu and 

Perera, 2011). However, the LPF in Vietnam does not follow market principles as it is 

set at a low-price level to benefit the coalition between officials and developers. 

According to the interviews carried by Thu and Perera, 75 out of 75 developers 

admitted to the differences in market price and LPF only served as a starting basis for 

land compensation. In Taiwan, every land plot is required to be assessed against a 
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publicly Announced Land Value (ALV) by the government for taxation purposes (Chao, 

2018). Similarly, in Japan, the Public Notice of Land Prices (PNLP) serves as a 

benchmark price for private land transactions and land appraisal (Shimizu and 

Nishimura, 2006). A certain time lag has been found between the two prices in Japan, 

although PNLP is updated on a yearly basis. In addition, Shimizu and Nishimura (2006) 

argue that PNLP tends to smooth property valuation differentials. According to Chao 

(2018), this government price-setting system in the form of LBP among Asian 

countries is a result of rapid land development tensions versus scarce resources.  

While not perfect, the LBP is recognised to help enhance information transparency as 

well as enable fair transactions in the land market. 

To gain an in-depth understanding of how the LBP works in China, Beijing was chosen 

for the following investigation to provide LBP mathematical base and regulations, 

given the nuances of LBP practised in different Chinese cities regarding the variables 

used, associated coefficients and equation applied (section 2.5.3). As the political and 

administrative central, Beijing receives much stricter scrutiny from the central 

government when land-use regulation is formulated and implemented. In addition, as 

one of the major cities, the Beijing real estate market enjoys a stronger attraction for 

development to accommodate the increasing number of migrant labours from other 

cities. The city, therefore, provides an ideal case to examine the practice of LBP. 

2.5.1.  Mathematical Formulation and Application of LBP  

In Beijing, the LBP has been updated three times by Beijing Municipal Bureau of Land 

and Resources since its introduction, namely in 1993, 2002 and 2014. The first version 

of LBP in 1993 was formulated by the integration of standardised units including Floor 

to Area Ratio (FAR), LURs fee, infrastructure fee and land development fee, as shown 

in Equation 2.1. 

𝐿𝐵𝑃𝑖 = 𝐶𝐹𝐴𝑅 ∗ 𝐿𝑈𝑅𝑠 + 𝐹𝐴𝑅 ∗ 𝐼 + 𝐶𝑑𝑒 ∗ 𝐷𝐸 + 𝐴𝐶                              2.1 

Where: 

𝐿𝐵𝑃𝑖 = Land Benchmark Price in Land Grade 𝑖; 

𝐶𝐹𝐴𝑅 = Coefficient adjustment of Floor to Area Ratio; 
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𝐿𝑈𝑅𝑠 = Land Use Rights Fee; 

𝐹𝐴𝑅 = Floor to Area Ratio; 

𝐼 = infrastructure fee, including infrastructure development (such as connection to 

gas, water, heating, etc.) and neighbourhood development 

𝐶𝑑𝑒= Coefficient adjustment of demolition fee where it was 2 for state enterprise and 

4 for others; 

𝐷𝐸 = Demolition fee; 

𝐴𝐶 = Land acquisition fee. 

Source: Ding and Knaap (2001) 

According to Equation 2.1, 𝐿𝐵𝑃𝑖 represents the LBP in land grade 𝑖, indicating that 

land grades provided the mathematical base for LBP calculation. That is, land is 

categorised into different grades and LBP for each grade is based on a calculated 

homogeneous value (LBP) to represent the average land price. This evaluation of 

urban land grade is based on the Regulation for Gradation and Classification on Urban 

Land. According to the regulation, urban land grade can reflect the geographical 

differences in land quality in a city by considering economic, social and natural 

attributes of land. In relation to urban land grading, factors taken into consideration 

include communication accessibility, infrastructure development, environmental 

quality, population density and surrounding property aggregation (MLR, 2011). The 

regulation details that urban land can be divided up to 8 grades9 depending on the 

urban size, with land grade 1 being the most optimal and land grade 8 the least. In 

addition, the boundary between each land grade can be divided by (with priority order) 

natural geographical features, railway, road and administrative division. The 

evaluation of land grades creates a fundamental basis for LBP assessment. 

All the fees and coefficient adjustments in Equation 2.1 are set at a flat rate by the 

government, which differs across the various land grades. An LBP can be calculated 

for a given FAR and land grade by applying Equation 2.1. This formulaic approach to 

calculating land value is not without its criticisms. Li and Walker (1996) argued that 

treating land price as ‘a component structure of various costs’ suggested that the land 

value was not determined by the potential income but rather as a production cost. Li 

 
9 Despite the stipulation of up to 8 land grades in urban market, LBP in Beijing, however, still classified 

the urban industrial land into 10 grades, 9 grades and 12 grades in 1993, 2002 and 2014 accordingly.    
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(1995) argued that this formula acts as a ‘socio-political perception of land value’ which 

was unable to fully represent the performance of real estate markets. To support this 

view in the empirical results, Li (1995) compared the benchmark price with the actual 

market transaction prices in 1991-92 in Shenzhen. A substantial divergence was 

identified with the average land transaction prices above the published benchmark 

price, proving that the benchmark price in the early 1990s was not able to provide a 

realistic reference point to reflect the market demand and supply. However, this thesis 

argued that the findings are worthy of consideration with caution. First, the LBP is not 

designed to reflect the actual market transaction price, but rather act as a reference 

point with further adjustments needed for valuation purposes. Second, the method 

used to directly compare LBP to market transaction price tends to create a price gap. 

In addition, there is a concern that the author compared LBP completed in 1992 in 

Shenzhen to the market transactions in 1991 which potentially enlarged the price gap. 

Nevertheless, analysis of this price divergence between the two prices still suggested 

a common problem in immature and transitional economies that some land was not 

used according to its highest and best use and consequently the assessment of land-

based prices on these land plots would diverge from the open market which may value 

according to another use.  

Moreover, according to Ding (2001), FAR was a dominant factor in the benchmark 

system influencing the land price, but yet modern urban economics suggested the 

opposite, in that FAR should rely on the land price. The reverse of the dependency 

between FAR and land price potentially impacted on the land use efficiency under the 

market principles. Shimizu and Nishimura (2006) argued that the LBP was still 

considered as an important reference guideline for the government to establish their 

official view on land pricing behaviour for valuation purposes and to control the land 

market especially when there was no market information. In order to establish a more 

efficient pricing system, the government needed to understand the nature of market 

land price, rather than impose this socio-political perception on land value (Li and 

Walker, 1996).   
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Figure 2.5 Update Process for LBP 

 

 

 

 

 

 

 

 

 

Source: adapted from Hu (1991) and Li and Walker (1996) 

Given the growth in market information and the government efforts to establish a more 

efficient pricing system in Beijing, the updated LBP is now based on land grades and 

market transactions (Liu, 2011). The process is shown in Figure 2.5. Specifically, land 

still needs to be graded by the government to serve as a fundamental basis for further 

LBP assessment. Instead of using math based on equation 2.1 to calculate LBP, 

valuers need to assess the selected transaction samples in each land grade by using 

any two of the income, comparable, cost or residual valuation methods. Also, a 

computer-aided mass valuation model is carried out for LBP assessment in each 

grade by the government, with the LBP  adjusted based on the valuer’s appraisals and 

the outputs from the computer-aided mass valuation model (Liu and Pan, 2007). Since 

LBP only gives a homogenous value for the same land grade, a new equation is 

reintegrated to calculate a more specific land price determination for a particular land 

plot, which was discussed later in Table 2.6. The calculated figure for specific plot 

serves as the starting price for a land auction. This is not considered by the 
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government or developers to be a reserve price, but rather a land transaction base 

price to give an indication of land price for reference purpose. As mentioned in section 

2.3.3, the most common method of land transactions in China is the two-staged 

auction through a sequential bidding process managed by an auction committee, with 

land plot advertised with a starting price in the first stage of auction. The LBP method 

is carried out to help government calculate and decide the starting price of a specific 

land plot. If a potential buyer is interested in purchasing the land, a bid can be 

registered based on the auction process in Figure 2.4 (section 2.3.3). Once the bid is 

finalised and accepted in the auction, the LUR is transacted and removed from the 

market. After the land auctions, the Bureau of Land and Resources registers the actual 

transaction price and considers them when updating the LBP in the future.   

The difference between LBP equation in 1993 and updated LBP equations in 2002 

and 2014 arises from a change in methodology. The LBP in 1993 was additively 

calculated with government-specified coefficients and fees. In contrast, the updated 

LBP in 2002 and 2014 was evaluated based on market transactions, with multiplicative 

equations (Table 2.6) applied to calculate the price for specific land plots. This explains 

why LBP was positioned on the left hand of the equation in 1993 but moved to the 

right hand in updated versions. According to Table 2.6, there were four factors to be 

adjusted for land appraisals from the homogenous value of LBP in 2002, i.e. appraisal 

date (𝐶𝐿𝑃𝐼), land use right unexpired period (𝐶𝑌𝑟), FAR and influencing factors (𝐶𝐼𝐹). 

Included in the influencing factors were the aggregation extent of industrial 

development, accessibility of the location, the compatibility with the surroundings, the 

shape of the plot, infrastructure development and the environment. The LBP equation 

was reformed in 2014, which introduced the coefficient adjustment of land use (𝐶𝐿𝑈) 

to enable land to be assessed in sub-categories. For example, industrial land and 

warehouses used to be valued by the same equation before 2014. Now, coefficients 

of 1 and 1.5 are applied respectively to differentiate the two uses, albeit they are still 

treated under the industrial land category. Practising valuers can only subjectively 

adjust 𝐶𝐼𝐹 based on the location while remaining are instructed by the government with 

a flat rate. However, the modification of 𝐶𝐼𝐹  cannot exceed a certain range (see 

Chapter 4 Table 4.4) as instructed in the LBP manual.  Although it is commonly 

claimed that ‘valuation is an art, not a science ’which involves the judgement from 

experts on the objective appraisals (Crosby et al., 1998), valuation in China by the 
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LBP method remains more prescribed and acts as a tool for the government to 

intervene directly and indirectly in the land market. 

Table 2.6 Formulas of LBP Method in Land Appraisals, 2002 and 2014 

 2002 2014 

Commercial 
Land 
Estimates  

= 𝐿𝐵𝑃 ∗ 𝐶𝐿𝑃𝐼 ∗ 𝐶𝑌𝑟 ∗ 𝐶𝐹𝐴𝑅 ∗ 𝐶𝐼𝐹 = 𝐿𝐵𝑃 ∗ 𝐶𝐿𝑃𝐼 ∗ 𝐶𝑌𝑟 ∗ 𝐶𝐼𝐹 ∗ 𝐶𝐿𝑈 ∗ 𝐶𝐹𝐴𝑅 
Residential 
Land 
Estimates 

Industrial 
Land 
Estimates 
(FAR ≥ 1) 

= 𝐿𝐵𝑃 ∗ 𝐶𝐿𝑃𝐼 ∗ 𝐶𝑌𝑟 ∗ 𝐶𝐼𝐹 

= 𝐿𝐵𝑃 ∗ 𝐶𝐿𝑃𝐼 ∗ 𝐶𝑌𝑟 ∗ 𝐶𝐼𝐹 ∗ 𝐶𝐿𝑈 ∗ 𝐶𝐹𝐴𝑅 
Industrial 
Land 
Estimates 
(FAR < 1) 

= 𝐿𝐵𝑃 ∗ 𝐶𝐿𝑃𝐼 ∗ 𝐶𝑌𝑟 ∗ 𝐶𝐼𝐹/𝐹𝐴𝑅 

Where:  

𝐿𝐵𝑃 = the Land Benchmark Price defined by the Government; 

𝐶𝐿𝑃𝐼  = the coefficient adjustment to reflect the appraisal date (instructed by the 

government); 

𝐶𝑌𝑟 = the coefficient adjustment of the remaining land use period (instructed by the 

government); 

𝐶𝐹𝐴𝑅  = the coefficient adjustment for the Floor to Area Ratio (instructed by the 

government); 

𝐶𝐿𝑈 = the coefficient adjustment for the land use (instructed by the government); 

𝐶𝐼𝐹 = the coefficient adjustment of the influencing factors (can be subjectively adjusted 

by the valuer within certain percentage). 

Source: Beijing Municipal Government (2002, 2014) 

Liu (2011) claimed that it took a long time and was costly to update the LBP. Indeed, 

the land grades changed significantly according to LBP updates between 2002 and 

2014. For instance, there were ten grades for commercial, office and residential land, 

and nine grades for industrial land in 2002, while all four types of land were extended 

to 12 grades in 2014 to reflect city expansion. The extension and changes have made 

land grades in 2002 and 2014 no longer comparable. Ouyang and Ge (2002) believed 
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this land assessment dependence on the land grades could result in the problem that 

the land cannot reach its highest and best use, given the land price is based on grades 

rather than market supply and demand. In contrast, Du et al. (2016) thought the 

updated LBP improved the land-use efficiency by stimulating more investment and 

better business management. Despite the divergence of opinion on land-use efficiency, 

Chang (2003) believed the benchmark system was a necessary tool to improve the 

valuation accuracy by expanding the dataset from purely historical information. Yet no 

practical comparison has been made between the appraisals by LBP and actual 

market transaction price due to the data accessibility difficulties in China. This thesis 

aims to address this issue by comparing the two land prices and examining the 

accuracy improvements recorded with each LBP update in Beijing. 

2.5.2. LBP Regulations as a Valuation Method 

To gain a better understanding of the valuation practice of LBP in Beijing, three 

regulations are compared, i.e. Regulations for Valuation on Urban Land (RVUL)10, 

Code for Real Estate Appraisal (CREA)11 and the manual of LBP12 (referred to as the 

‘manual’ in this paper), as detailed in Table 2.7. The regulations remain fragmented 

given the separation of land valuation and buildings prevalent in China (section 2.3.2). 

RVUL and CREA are national standards applicable throughout China, whereas the 

manual at the municipal level differs from city to city (this thesis refers to the manual 

in Beijing). The RVUL emphasises land valuation and the process of a benchmark 

assessment, while the CREA standard focuses on the real estate appraisal of both 

land and buildings. Therefore, both the RVUL and CREA standards cover aspects of 

land valuation. In contrast, the manual specifies and directs the use of LBP including 

the geographical scope of land grades, the benchmark price of each land grade and 

the coefficients of adjustment. 

 

 

 
10 Produced by Ministry of Land and Resources.  
11 Produced by Ministry of Housing and Urban-Rural Development.  
12 Produced by Beijing Municipal Commission for City Planning and Land Resources Management 

(Previous Beijing Bureau of Land and Resources). 



50 
 

Table 2.7 Comparison between the Regulations 

 RVUL CREA Manual  

Application National level  National level City level 

Government 
Department  

Ministry of Land 
and Resource 

Ministry of Housing 
and Urban-Rural 
Development  

Beijing Municipal 
Commission for City 
Planning and Land 
Resources Management 

Purpose of 
Regulation  

Regulates land 
valuation and the 
process of land 
benchmark 
assessment 

Regulates the real 
estate appraisal of 
both land and 
buildings 

Directs the use of LBP 

Listed 
Purpose of 
LBP method 

The resettlement 
of land assets 
from government-
owned to a private 
company 

LBP method can 
be used within the 
cities that hold a 
government-
published LBP 

• A benchmark 
reference point for 
LURs sale (2002) 

• The resettlement of 
land assets from 
government-owned to 
a private company 
(2014) 

• The audit of the 
government revenue 
from LURs sale and 
the audit of the urban 
land lease (2014) 

No. of 
valuation 
methods to 
be used 

At least two 
methods shall be 
used, only in 
exceptional cases 
with one valuation 
approach be 
applied 

Advocate use of 
one valuation 
method 

No specification on how 
many methods 

 

The listed purpose of the LBP method is different among three regulations. The RVUL 

specifies that the LBP method is used for the assessment of the resettlement of land 

assets from government-owned to a private company (MLR, 2014a). Besides 

resettlement, the manual also adds that LBP can be further used for the audit of the 

government revenue from urban LUR sale and the audit of the urban land leases 

(Beijing Municipal Government, 2014). CREA, in contrast, has a wider remit citing that 

the LBP method can be used within the cities that hold government-published LBP 

data (MLR, 2015). The divergence regarding the use of LBP method among the three 

regulations can potentially create the confusion for practising valuers for the uncertain 



51 
 

selection of valuation methods. Furthermore, the fact that each government formulates 

its own purposes potentially impacts the valuation practice, given the recognition to 

use LBP under one government department may violate another.  

In addition, the number of valuation methods to be used are differently specified in 

three regulations. RVUL regulates that land valuation shall be assessed by at least 

two approaches. However, in the situation where there are limited transactions, 

extremely low marketisation or absence of land income, land valuation can be 

assessed by one method (such as the LBP method) under the agreement of the 

experts from land valuation committee at the provincial or national level (MLR, 2014a). 

The regulation does not explicitly state which method to use in this situation, but the 

LBP would be considered the most appropriate approach in these circumstances. In 

contrast, CREA does not stipulate the use of two valuation methods, but rather allows 

flexibility with the use of one valuation method (MLR, 2015). The manual does not 

mention the number of valuation methods, but the 2002 version used to indicate a 

minimum 30 per cent weighting factor should be allocated to the LBP approach when 

conciliating with other methods suggesting that at least two methods were preferred 

(Beijing Municipal Government, 2002). This weighting factor has been removed in the 

latest 2014 version (Beijing Municipal Government, 2014). The removal of the 

weighting factors on LBP enables valuers to exercise more freedom to adjust and 

reconcile the appraisals. With the establishment and long-term practice of LBP, the 

method has imposed certain impacts on the land market, which are detailed in the 

following subsection.  

2.5.3. Impact of LBP on Chinese Land Market 

Since the Chinese government proposed the use of the benchmark price system to 

serve as a reference for the sale of land, it has attracted scholars’ attention on the 

exploration of Land Benchmark Price (LBP). In the 1990s, scholars largely focused on 

the theoretical framework of LBP. Li (1995) investigated how benchmark price served 

as a land appraisal method under the land-use rights reforms in China through 

reviewing benchmark prices in theory and practice from 1988 to the middle of the 

1990s. The author discussed the conceptual problem in forming benchmark price as 

the assessment of benchmark price included elements of land conveyance fee, 

infrastructure fee and compensation payment for tenants’ resettlement. The last two 
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elements were not explicitly found in other developed countries as an open market 

value, given that they did not necessarily represent the normal flow of future income. 

Supported by Li and Walker (1996) who examined the pricing policy by comparing the 

benchmark pricing model in Shenzhen, Beijing and Haikou, a varying pricing setting 

behaviour was identified in each city, where the compilation of benchmark price varied 

among local authorities due to differing views on land pricing behaviour. For example, 

Floor-Area Ratio (FAR), infrastructure cost, demolition cost and land acquisition cost 

were the important factors in assessment LBP in Beijing whereas the land 

management fee, agricultural land tax and city construction fee were taken into 

consideration when assessing LBP in Haikou. This suggested that the production cost 

of land played a major role in the land price determination rather than the potential 

future income in China. As a result, LBP, at the early stage with less data availability, 

was regarded as a less effective method for land valuation because it did not represent 

how the real estate market performed with a relatively arbitrary governmental 

behaviour. However, Ding (2001) argued that it was still important to establish a 

reference guideline to control the land market and it was reasonable for the Chinese 

government to establish their official view on land pricing behaviour for land valuation 

when there was no market information. In order to establish a more efficient pricing 

system, it was important for the authority to understand the nature of market land price 

(Li and Walker, 1996). 

With the accumulation of market data, researchers also focused on the land 

transaction prices. Ding and Knaap (2001) conducted quantitative analysis on how 

land prices in Beijing reflected market forces based on market information from 1997 

to 1999. Data included FAR, land grade, land use, land size and spatial data such as 

transportation network, green space, rivers and political boundaries. GIS technology 

was applied to generate secondary variables such as distance to city centre, highways, 

major street roads, railways and subways, buffer zones and location. The land 

transaction price was used as dependent variable and independent variables included 

FAR, land grade, land use, locational and transportation variables. Their study 

demonstrated that the price of LURs remain significantly shaped by the land 

benchmark price, which led to land transaction prices being strongly influenced by land 

use, land class and FAR but the market forces may be gradually shaping land values 

emerging from non-residential land. However, the authors concluded it was impossible 
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to sort out the marginal value under the effects of both market forces and the 

administrative benchmark restrictions.  

Li (2009) examined land price changes in Beijing from 1993 to 2004 to illustrate 

whether the land market was dominated by the government regulations which may 

lead to immature development. The author applied GIS and statistical analysis to 

investigate how land prices had changed in different districts in Beijing. Average land 

transaction prices were employed as the dependent variable, e.g. average residential 

land price, average commercial land price, average industrial land price and average 

mixed-use land price. Independent variables were important macroeconomic variables 

in determining land price changes in a market, such as population, GDP, financial 

revenue, fixed assets investment, retail sales of consumer goods, investment in real 

estate development, the number of employees and an average wage of employees. 

The results showed that land prices in Beijing were affected by GDP and investment. 

Especially, residential land prices increased with the strong demand and booming 

economy from 2000 to 2004. In addition, the fluctuation in commercial land prices 

reflected the volatility in real estate. Li (2009) concluded that the land prices in Beijing 

from 1993 to 2004 generally followed the market principle but government policy still 

remained instrumental in the land market and that ‘any drastic change over-shadowed 

all basic market elements completely’. However, as land transactions were not 

completely open and transparent to the public before 2004 and the prices observed 

by the author are largely agreed on the basis of negotiation between the developers 

and the local government. In addition, Li (2009) did not investigate for more frequent 

update periods but chose yearly average land prices for each land use as the 

dependent variable due to the detailed information such as location not being 

accessible.  

Qin et al (2016) further investigated the changes in land prices after the prohibition of 

negotiation in 2007 and 2012 in 31 provinces. Logarithmic transaction price per 

hectare was used as the dependent variable. Explanatory variables included FAR, 

source of land (new land or existing land), land grades, transaction methods (two-

stage auction, English auction, negotiation sales or other), neighbourhood economic 

development measured by the logarithmic form of distance to Central Business District 

(CBD), the nearest railway station and airport. The month of transaction dummies and 
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city dummies were also used. The results demonstrated that FAR has a positive 

relationship with land price, which is inconsistent with previous research and that such 

association became stronger in 2012.  

A more recent study on LBP, Du et al (2016) investigated the impact of LBP system 

on urban land use efficiency in Beijing in 1992, 1996, 2001, 2004, 2006, 2010 and 

2012. The authors employed the average Gross Domestic Product (GDP) per square 

kilometre on urban built land as the dependent variable to measure urban land 

productivity. The average land transaction price in each year was employed to 

evaluate the functioning of the LBP system. FAR was employed to measure land-use 

intensity. Average fixed asset investment was the proxy for economic environment and 

the quality of business management. The proportion of residents receiving higher 

education was employed to measure human capital. The population density was 

measured by urban population divided by the area of urban built land. Distance to city 

centre was employed as a location variable. The results showed that the land pricing 

system on urban land productivity changed over time. It was only since 2004 when 

land negotiation was totally prohibited that LBP system had started to positively and 

significantly improve the urban land productivity. However, employing land transaction 

price as the proxy for LBP raised the concern that LBP was only updated three times 

in Beijing in 1993, 2002 and 2014 respectively. There was an average increase of 

253%, 389% and 673% in commercial, residential and industrial land separately 

between 2002 and 2014, which indicated a huge land price change in the last decade. 

Therefore, it remained unclear how the LBP can represent urban land transaction price 

given the lack of evidence of the valuation (in)accuracy in LBP method. As a result, 

the outcome of the research can be less accurate to investigate the impact of land 

benchmark system on urban land-use efficiency. Instead, it might be more accurate to 

describe the result as land transaction price (rather than LBP system) as it has started 

to positively and significantly improve urban land productivity after 2004.   

A problem was raised concerning the conventional statistical methods used in the 

analysis of land price given that all the investigations assumed that each land 

transaction data was statistically independent. In fact, spatial land price data had the 

tendency to be dependent (spatial autocorrelation) (section 3.3.2). To address the 

spatial issue, Liu et al (2006) employed a spatial statistics method based on spatial 
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autocorrelation to model and quantify the distribution of urban land price in Changzhou 

City. The results demonstrated a high spatial autocorrelation in all types of lands, 

particularly in commercial land, meaning that treating land price as the integration of 

standardised units may over-simplify the structure of land price.  

Jiao and Liu (2012) further extended this research by observing the magnitude of 

spatial autocorrelation of commercial LBP in 17 cities of Hubei province. LBP in each 

city was taken as the dependent variable. Influential factors included city’s location, 

size, infrastructure, public services, land profit, economic development and land 

supply potential. In contrast to Liu et al (2006), the results indicated that LBP had a 

low spatial autocorrelation degree. Furthermore, the spatial clustering of LBP showed 

a similar hierarchy structure to the administrative hierarchy. However, employing land 

benchmark price as the dependent variable has two theoretical problems. The first 

one is that the appraisal date of benchmark price in each city is different, making the 

land price non-comparable amongst different cities. Another problem is that even 

though the appraisal date and benchmark price are adjusted to the same time, the 

land price data is not sufficient to support the result. Taking Wuhan, the capital city of 

Hubei province, as an example, the benchmark price was only put into practice in 2000 

and updated twice in 2004 and 2007. This insufficient price data makes the result less 

supportive.  

By reviewing the existing literature on LBP and market-orientated land transaction 

price, it can be recognised that almost all the studies separate LBP from market 

transaction price, by investigating either LBP or market transaction price individually. 

Du et al. (2016) attempted to use market transaction price to denote the function of 

LBP without testing the relationship between two prices, leaving the issue in terms of 

how well the LBP can represent urban land transaction price. As the Chinese real 

estate market matures, there is increasing market information, but the LBP is still being 

used in practice for land valuation. However, there is limited research examining the 

relationship between LBP and its influences on the market transaction price, especially 

after 2004 when the land transactions became completely open to the public. This 

thesis, hence, aims to fill in this research gap by looking at the impact of the 

government-imposed LBP on market transaction price from a valuation perspective. 

Although an initial direct comparison between the LBP and actual market transaction 
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prices is made by Li (1995), there existed certain methodological concerns (section 

2.5.2). To address the issue involves manually calculating the LBP estimates by 

applying the equations demonstrated in section 2.5.1 and 4.6.1 and comparing these 

estimates to the market transaction price (section 5.3).  

2.6. Summary  

This chapter provided a fundamental basis in understanding the unique characteristics 

in Chinese land market in terms of the land development process, land valuation 

method, along with the land transfer methods. This exploration and understanding of 

the theoretical perspectives underpinning the dynamics of Chinese land market fulfils 

objective 1 of the research investigations. 

The initial part of this chapter (section 2.2) provided a brief review of the Chinese land 

market dating back to its establishment in 1949. The urban expansion and 

(re)development in China were presented as the consequences of mixed drivers of 

demographic urbanization, economic transactions, capital accumulation and political 

transitions of land reform. These underlying dynamics are important in further 

identification of the proactive role of government intervention in the Chinese land 

market. However, despite the rapidly ongoing urbanisation process in China, it is 

apparent that Chinese real estate is still relatively immature, characterised by a semi-

transparent market. This is reflected in valuation standards and practice, and the 

availability and accessibility of quality market data. 

Section 2.3 further investigated the land administration and tenure system to 

understand how they provide the basis for a market to operate and also form the 

uniqueness that distinguishes the Chinese land market. The strict administrative 

hierarchy of Chinese cities and land tenure system are found to act as a dynamic, 

strategic but also uneven factors for state management and policy implementation. 

The thesis establishes that these unique features in the Chinese land market add 

further complexity for the underpinning drivers of urbanisation process.  

Section 2.4 examined the valuation standards in China, given valuation standards 

exerted influence on the real estate valuation service and practice. The domestic 

valuation standards in China demonstrate differences in regional practice, which made 

its valuers relatively less competitive. This was evidenced by the valuation method 
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used (such as LBP) as well as the vague definition of market value which was in turn 

influences local valuation practice.  

Section 2.5 exclusively focused on the role of Land Benchmark Price in guiding market 

transaction price, as well as assisting market information accumulation. Regarding the 

regulations governing the LBP, two inconsistencies were identified. Firstly, three 

regulations are implemented in China to regulate the practice of the LBP with different 

listed purposes. The divergence regarding the use of LBP method among the three 

regulations is likely to cause at best valuation inconsistencies and more likely valuation 

inaccuracies unless resolutions are sought to reconcile values obtained from more 

than one method. Secondly, the number of valuation methods used and the weighting 

factors applied are not uniformly treated across the regulations governing valuer 

practice. As a result, this could potentially create confusion for practising valuers, 

leading to imprecise adjustments or inconsistent application of the valuation methods.  

Furthermore, by reviewing the existing literature of LBP, there is limited evidence 

regarding the impact of LBP on the land market transactions, illustrating a research 

gap to be filled in this thesis.  

Having established the background in Chinese land market, Chapter 3 demonstrates 

the valuation standards, the traditional and advanced valuation methods practised by 

the valuers and valuation accuracy research identified in a global context. In doing so, 

Chapter 3 helps identify up-to-date mass valuation methods practised internationally 

and the global benchmarks of accurate valuations, which in turn provides guidelines 

for the accuracy improvement of the LBP method.
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Chapter 3 Valuation Methods and Valuation 

Accuracy in a Global Context  
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3.1. Introduction 

Chapter 2 reviewed the unique characteristics of the Chinese land market in terms of 

land urbanisation and the development process, land auction methods, valuation 

standards and valuation methods. More specifically it introduced the nature of land 

valuation by using the unique method of LBP practised in China. The key literature 

illustrated that there was limited focus on how LBP impacts on the market transaction 

prices in an urban land market from a valuation perspective. 

This chapter moves beyond the theory of LBP by providing a critical review of the 

valuation methods (section 3.2). Specifically, traditional valuation methods are 

reviewed in Section 3.2, followed by the investigation of advanced computer-aided 

valuation methods (Section 3.3). Hedonic pricing models (section 3.3.1), spatial 

methods (section 3.3.2) and time-series modelling techniques (section 3.3.3) are 

highlighted in the real estate price construction with the associated influencing factors 

emphasised in each valuation method. Section 3.4 further explicates the valuation 

variations identified internationally to provide an insightful understanding of valuation 

accuracy, followed by section 3.5 to summarise the chapter. This chapter fulfils 

research objective 3 by investigating land valuation methods and margin of error 

internationally. 

Figure 3.1 Structure of Chapter 3  

 

Chapter 2 

Chapter 3: Valuation Methods and Valuation 
Accuracy in a Global Context 

• Introduction  

• Traditional Valuation Methods 

• Advanced Valuation Methods 

• A Review of Valuation Accuracy 
• Summary   

Objective 
 
To conceptualise the use 
and application of traditional 
and advanced land valuation 
methods and determine how 
valuation accuracy is 
measured in a global 
context. 
  

 

Chapter 4 Methodology  
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3.2. A Review of Traditional Valuation Methods 

Real estate valuation can be requested by different stakeholders (such as real estate 

agents, mortgage lenders, brokers, property developers, investors and fund managers) 

(Pagourtzi et al., 2003) for various reasons ranging from purchase or sales, rent review, 

taxation, insurance, compensation, and (re)development (Blackledge, 2017). In 

assessing different types of real estate with different purposes, different valuation 

methods are adopted by valuers. Abidoye et al. (2019) summarised that valuation 

methods can be divided into two groups, namely traditional valuation methods which 

rely on the direct comparison of market evidence in the application, and advanced 

valuation methods with assistance of mathematical models in terms of property-

specific information and behavioural attributes of the property market participants. In 

the opinion of Awuah and Gyamfi-Yeboah (2017), the selection of valuation method is 

a combination of property nature, valuation purpose and data availability.   

Five traditional methods are commonly practised in the real estate valuation: the 

comparable sales method, the investment method, profits method, residual method, 

and cost method (Scarrett and Osborn, 2014). According to RICS (2012, p2), the 

comparable sales method is “at the heart of virtually all real estate valuation”, which 

offers a worldwide practice and is applicable to both land and buildings for almost all 

types of real estate assets. The method reflects the principle of market substitution, 

indicating that a purchaser would not pay for any value higher than the cost of 

replacement with equivalent utility (Shapiro et al., 2019).  

In relation to the (re)development land valuation, RICS recommends two approaches 

comparison with the sale price of land for comparable development; or the residual 

method, which assesses the value of the (re)development as completed and deducts 

the development costs to arrive at the underlying land value. Man and Ng (2007) 

opined that vacant land valuation can be complicated, as transactions are rare, 

especially in well-developed markets, which makes comparative sales method difficult 

to apply. Consequently, the residual method is mostly used to estimate the selling 

price of the building to be completed, while a Discounted Cash Flow can be used for 

the market value of auction sites. 
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In the context of China, Lim et al. (2006) investigated the impact of behavioural 

influences on valuation practice. In their study, valuation methods applied by Hong 

Kong practising valuers are compared to appraise properties in mainland China and 

Hong Kong separately. The findings revealed a significant behavioural difference in 

selecting valuation techniques in the varying locations. A greater investment-focused 

valuation practice is identified in Hong Kong market, in contrast to a development 

perspective in China, leading to different levels of reliance on the valuation methods 

selection. Furthermore, regarding industrial property valuation, the comparable 

method is more popularly employed in Hong Kong-based locations, due to a richer 

accumulation of market data availability. The cost approach, on the other hand, is 

preferred by HK valuers to appraise industries in China, suggesting the lack of data in 

Chinese real estate market, particularly in industrial sector, makes cost method more 

appropriate to assess the construction costs and account for depreciation and 

obsolescence. The results from Lim et al. (2006) suggested that although same 

valuation approaches are used in both Hong Kong and mainland China, valuation 

practice can differentiate from each other led by different regulations, which in turn 

influences the accuracy level. Much more in conjunction with global standards, the 

valuation practice in Hong Kong is guided by both the international organisation of 

Royal Institution of Chartered Surveyors (RICS) and the regional Institute of Hong 

Kong Institute of Surveyors (HKIS). In contrast, the regulations in China remain more 

domestic (section 2.4). Such differences in the terms of regulations and professional 

institutions inevitably lead to divergences in valuation practices.  

Although traditional valuation methods are still believed to be more prevalent both 

internationally and domestically in China, guided by professional bodies and 

educational institutions (Abidoye et al., 2019), there is a growing emphasis and 

literature regarding the application of advanced methods in the field of valuation. 

Hence the next section provides a review of the application of computer-aided valued 

methods and how such models can help improve valuation accuracy. 

3.3. A Review of Advanced Valuation Methods 

Advanced valuation methods refer to the techniques which incorporate the assistance 

of mathematical models to describe property-specific information, socio-economic 

environment and locational attributes of the property. These models include but are 
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not limited to hedonic pricing models, time series analysis methods and spatial 

analysis methods. Although the advanced valuation methods are claimed to be more 

accurate and reliable through uniform procedures (Clapp, 1990; Dimopoulos and 

Moulas, 2016; Bidanset et al., 2018; Abidoye et al., 2019), it is challenging to accept 

and apply these skills in practice. One challenge is to make sure that the automated 

models incorporate the correct variables and categories. Dubin (1988) reasons that all 

the related variables shall be included in any of the hedonic regression analysis. 

Otherwise, the effects of the omitted variables will be included in the residuals. 

However, in the opinion of McMillen (2010), simply including every possible variable 

into the regression is an extraordinarily difficult task, let alone that important attributes 

are often highly correlated. Therefore, a plethora of variables in the real estate price 

construction can adversely bring in a more complicated issue of multicollinearity. In 

addition, guidance and directions from professional bodies and educational institutions 

may be another issue for the current practising valuers to apply these advanced 

valuation methods. In the survey conducted by Abidoye et al. (2019), valuers do not 

practically adopt the technology-based valuation method mainly because they need to 

meet the requirements of and comply with professional bodies. In order for advanced 

valuation methods to be more practical and widely adopted in the field, a shift is 

needed from the present adoption of traditional to advanced valuation methods from 

authorities’ point of view (Abidoye et al., 2019).  

3.3.1. Application of Hedonic Models in Real Estate Valuation  

The hedonic regression is empirically applied to regress real estate prices into a set 

of implicit variables with the help of location variables, neighbourhood variables and 

structural variables (Dubin, 1988). Locational attributes for real estate price 

construction are often explained by the radial distance from the CBD in a metropolitan 

area (Kowalski and Paraskevopoulos, 1990), with neighbourhood variables describing 

socio-economic characteristics (Can, 1990), and structural variables accounting for 

the characteristics of the buildings. The conventional hedonic regression, such as 

Ordinary Least Square (OLS), usually employs a constant price structure on the real 

estate characterises (Bitter et al., 2007), which conceptualises the entire market area 

as a single unified market (McCord et al., 2012). As a result, studies incorporating 

locational attributes consistently obtain a constant coefficient in the location variables 
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from the regression, implying that a negative land rent gradient exists where the land 

price decreases gradually with the increasing distance from the CBD. For instance, 

Coulson (1991) concluded the decrease of residential property prices with the distance 

to CBD was at a speed roughly equivalent to the increase of transportation cost, using 

the data of 406 home sales in 1987 within the State College metropolitan area in 

Pennsylvania. This negative slope of real estate price gradient was also found in 

Beijing by Ding (2004), who claimed that an approximate 100 metres’ change in 

distance would reduce the land price by 40 – 60 RMB per square metre, using the land 

transaction data from 1993 to the first half of 2000. Furthermore, Ding and Zhao (2014) 

extended the study by estimating the spatial pattern relationship between housing and 

land prices from 1999 to 2003 in Beijing. The resulted show that land prices reacted 

more sensitively than the housing prices over distance, with an approximate 100 

metres’ change in distance decreases the housing price by 22 – 33 RMB, due to the 

fixed supply (government-controlled) and high demand of land. Qin et al. (2016) 

disentangled the land price determinations across China from 2007 to 2012. The 

results displayed a positive association between land transaction price and closer 

distance to CBD, railway station and airport.  

Table 3.1 Independent Variables Summary from Li et al. (2019) 

Categories Independent variables 

Building Structure Attributes  

Floor area 
Number of bedrooms & living rooms 
Floor level 
Orientation  
Decoration 
House age 

Accessibility   
Number of metro stations (within 0.5 miles) 
Number of bus stops (within 0.5 miles) 
Number of available sharing bikes (within 0.5 miles) 

Public Service Amenities  

Distance to park 
Number of public schools (within 0.5 miles) 
Number of public banks (within 0.5 miles) 
Number of hospitals (within 0.5 miles) 

Private Service Amenities 

Popularity of entertainment facilities (within 0.5 
miles) 
 Popularity of shopping facilities (within 0.5 miles) 
Popularity of domestic service facilities (within 0.5 
miles)   
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Apart from locational characteristics, traditional hedonic regression also helps identify 

other significant socio-economic and building structure-related factors that influence 

the market transaction prices. For example, Li et al. (2019) examined the relationship 

between the housing prices in Shanghai and their associated attributes in 2016. An 

OLS regression was employed to provide an insight of the underlying determinants of 

the housing market in Shanghai. Specifically, the market transaction price for the 

apartment was used as dependent variable, and four categories including 17 variables 

were used for independent variables (Table 3.1). The findings showed that there was 

a monocentric pattern in the residential market in Shanghai, evidenced by the 

centralised distribution of public transport and amenities. OLS regression further 

confirmed that the market transaction price was significantly impacted by the 

influences of structural attributes, accessibility, as well as service amenities. However, 

the influencing factors changed with different division of submarkets. In the inner-city 

areas, both public services and private amenities boosted housing prices; while in the 

suburban areas, better access to public transport was statistically significant in 

increasing transaction prices.  

Furthermore, shifting the focus from the housing market to the land, Li (2011) 

investigated the dynamics and factors that impact on the land market in Shanghai from 

1992 to 2006. Using the same OLS technique, the land transaction price was 

regressed against a set of independent variables (Table 3.2). The results revealed that 

both GDP and floor area had a positive influence, indicating that regional economy 

and location (devoted by the floor area) contributed to a higher land premium. 

Population, however, produced a negative impact on the land price. The author 

explained that the significant negative association may be caused by the fact that land 

development in China involved a complicated compensation for the developers. 

Furthermore, locational dummy variables were used to differentiate the pricing 

behaviours between urban core districts and sub-urban districts. The findings 

illustrated that the land price demonstrated a concentric structure where the core 

central district remained the most popular and expensive with the price gradually 

decreasing further away from the central core area.   
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Table 3.2 Independent Variables Summary from Li (2011) 

Categories Independent variables 

Economic Performance GDP of previous year (lagged variable) 

Population Factor Number of households 

Market Supply Floor area 

Locational Variables (dummy variable) 
Urban core districts 
Sub-urban districts  

 

Despite considered as a popular technique to contribute to the price construction of 

the real estate, the conventional hedonic regression was challenged due to the 

existence of spatial heterogeneity resulting from submarkets in real estate (Liu et al., 

2018). Indeed, endorsed by the above studies, the predicted real estate price was 

proved to change with locations. According to McCord et al. (2018), spatial 

heterogeneity was related to the lack of stability over space of the behaviour or other 

relationships under study. More precisely, this implied that functional forms and 

parameters varied with location and were not homogeneous throughout the data set. 

It is widely acknowledged that the real estate market is not unified, but rather consists 

of different unique submarkets (Adair et al., 1996; Patton and McErlean, 2003; 

Wilhelmsson, 2004; Chegut et al., 2013). From this perspective, although the hedonic 

equations can identify the price gradient in an entire market area where the coefficients 

of locational factors are assumed to be stationary over space, it fails to adequately 

capture the spatial variation from different submarkets. In the opinion of Fotheringham 

et al. (1998), the measurement of spatial variation may actually not be constant across 

spatial locations, as property transactions tended to influence the prices with regards 

to locational proximity. Supported by Tobler’s first law of geography, “everything is 

related to everything else, but near things are more related than distance things” 

(Anselin, 1988, p8), Michaels and Smith (1990) concerned the precision of the 

traditional non-spatial modelling which provided a fixed set of coefficients to generalise 

the entire real estate market. In particular, the influences of property specifics, built 

environment and demand on real estate price can vary geographically (Theriault et al., 

2003). Consequently, the explanatory variables with fixed coefficients produced by 

traditional hedonic models will likely lead to inefficient parameter estimates (LeSage 

and Pace, 2009). 
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A common way to diminish the effect of spatial heterogeneity is the inclusion of dummy 

variables to account for different geographical areas, which involves producing 

separate equations for discrete regions (Ward and Gleditsch, 2018). For example, 

Andoh and Ohta (1997) investigated how the location of Tokyo and Kofu impacted on 

residential land prices in the neighbouring cities from 1985 to 1995. The commuting 

time from each sample point to either Tokyo or Kofu station was employed in OLS 

hedonic regression. A spatial inter-association from neighbouring cities was found in 

the study, indicating the land price in one region was strongly influenced by its 

neighbourhood cities. In addition, McGreal and Taltavull (2012) looked at the factors 

influencing mass valuation accuracy among 11 provinces in Spain residential 

properties from 2005 to the first half of 2006, with the dummy variables defining for 

each province. The parameter for each province dummy variable represented the 

differences that were not captured by the observed explanatory variables. The findings 

revealed that locations were of importance in affecting the valuation accuracy. 

Specifically, the provinces characterised with major urban agglomerations appeared 

to show less valuation accuracy, indicating the effect of greater heterogeneity in mass 

valuation accuracy. Li et al. (2019) controlled the issue of spatial heterogeneity in 

Shanghai residential market by dividing the city into the inner city, expanded inner city 

and suburbs areas in the OLS model, to test the influencing factors on the housing 

prices in the three sub-markets. The results showed a differentiated pattern of housing 

price determination over space. For example, in both inner city and expanded inner-

city areas, public service (such as parks, schools, hospitals and banks) and private 

amenities (i.e. entertainment facilities, shopping malls and domestic facilities) were of 

importance in affecting residential prices, whereas better access to public 

transportation was imperative in suburban areas.  

Although models with dummy variables enjoy popularity among researchers to 

account for spatial non-stationarity, Ward and Gleditsch (2018) explained the difficulty 

of not being able to demonstrate how the differences in the submarkets originate. 

Specifically, if the value of the dependent variable ‘y’ in one submarket changed as a 

result of a change in its explanatory variables, the predicted values of adjacent 

submarkets would not change in the dummy models since the submarket differences 

were treated as fixed and did not influence each other. Furthermore, Can (1990) 

pointed out that the prices of nearby properties were similar not only due to the reason 
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that they shared the common locational attributes, but also because the prices of 

nearby properties had an impact on each other. According to Brunsdon et al. (1999), 

the real estate prices from one part of the submarket was likely to have a spill-over 

effect which influenced the prices from another part of the submarket. In the opinion 

of Patton and McErlean (2003), although the issue of spatial heterogeneity can be 

controlled by dummy variables, this spatial spillover effect had been largely ignored.  

The spillover effect is caused by spatial dependency (or spatial autocorrelation). Can 

(1990, p256) defined spatial autocorrelation as “the possible occurrence of 

interdependence among observations that are viewed in geographic space and 

violates the assumption of uncorrelated error terms”. Wiltshaw (1996) assumed that 

the spatial autocorrelation could be raised by the same valuer who assess nearby 

properties. It was suggested that if the same personnel undertake the valuation of 

adjacent places the value may not only depend on the locational attributes but also 

the surrounding real estate transaction prices (Can and Megbolugbe, 1997). Indeed, 

this constitutes the foundation for the sales comparison method, where the valuation 

of a subject property is based on sales that share similar structural and geographical 

features. This presence of spatial dependency exhibited in the form of real estate 

prices clearly violates the assumptions from hedonic analysis, which assumes that 

each observation is independent of each other and there is no correlation between 

independent variables and the error term.  

3.3.2. Application of Spatial Models in Real Estate Valuation 

Initial efforts have been made to employ traditional hedonic regressions to partly 

account for spatial dissimilarity with the help of spatial dummies (such as 

neighbourhood indicator variables) and distance-based variables (such as distance to 

CBD). However, the concern of taking spatial consideration into hedonic pricing 

models in the field of valuation has been discussed, as both supply and demand of 

real estate can display spatial variations with location changes. Undeniably, hedonic 

model results can be improved to certain degree, but the regression can still produce 

invalid coefficients estimates given that these variables do not meet the assumption 

of constant error variance across observations (McMillen, 2010).  
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Employing spatial models becomes appropriate and useful when spatial effects persist 

after all the attributes of interests are considered. Advocated by Hu et al. (2016), 

models comprising the spatial effects resulted in a better estimate and improve the 

forecast level of urban land price. Can and Megbolugbe (1997), Pace et al (1998) and 

Wilhelmsson (2002) justified that spatial models can be treated as a mixture of the 

market comparable method and mass appraisal technique by applying a spatial weight 

matrix to the observations. The spatial models produced the same results as traditional 

non-spatial hedonic equations when an equal spatial weight was given to all the 

observations.  

Conway et al. (2010) developed a Spatial Lag Model to capture the contribution of 

urban green space to residential housing prices near downtown Los Angeles. The sale 

price of the house was employed as the dependent variable and independent variables 

cover house characteristics (living area, lot size and age), neighbourhood attribute 

(median income), and locational factors (distance to the nearest freeway access ramp, 

subway portal and park, and green acreage for varying buffer distances surrounding 

house sale location). Removing the effects of spatial autocorrection with the help of 

SLM, the findings revealed that the neighbourhood green space at the immediate 

vicinity had a significant impact on the housing prices, with 1% increase in greenspace 

leading to an increase of 0.07% in the sales price of the house (equivalent of 171 USD 

in the median price). This indicated the importance of neighbourhood greening 

strategy in increasing housing transactions in older inner-city communities. 

Wang et al. (2017) identified the determinants of property price in relation to demand 

and supply by applying a SLM technique to the Chinese housing market. By 

considering spatial dependence with the help of SLM, the study showed that house 

prices in China are positively associated with the administrative level (section 2.3.1), 

meaning that the house price was higher in the higher ranked cities. Furthermore, the 

spatial differentiation of house prices was roughly divided between eastern coast cities 

and western inland areas, with the former benefiting more from the economic growth, 

which consequently led to a higher house price. Regarding the influencing factors, 

percentage of renters, the floating population, level of wages, land price, percentage 

of the population working in real estate industry (denotes housing market) and tertiary 

sectors (denotes city service level) were shown to have a statistically positive 
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significant impact on explaining the house price with the land price imposing the 

greatest contribution. In contrast, living space exerted a negative price signal. More 

importantly, the study revealed that housing supply (denoted by land price) was the 

dominant driving factor underpinning the house prices, rather than the demand. Indeed, 

as endorsed in section 2.3.2, the land supply was not determined by the market 

demand but rather a combined effect of governmental control with associated hoarding 

behaviour until the price reaches their expectation to maximise local revenue, resulting 

a significant relationship between the governmental control and housing price. 

Zhang et al. (2015) developed a Spatial Error Model to improve the precision of 

valuation for commercial real estate in Shenzhen by accounting for the omitted 

variables absent from mass appraisal. Specifically, the log form of transaction price 

was regressed by a set of independent variables including property area, street 

frontage, number of floors, height, width and depth of the commercial property and 

vacancy rate. The findings showed that the precision of the appraisal results with SEM 

was proved to be significantly improved compared with the traditional mass valuation, 

with street frontage, vacancy rate and property height exerting positive impact while 

property area, width and depth exert the opposite negative impact.  

Kling et al. (2015) assessed residential house prices in relation to clustered 

developments and distance to protected land by using both SLM and SEM techniques 

in Colorado. The results were consistent with each other in terms of the significance, 

coefficients’ signs (positive or negative) and explanatory power (R2), although the 

coefficients displayed slight variations. The results demonstrated that distance to 

national parks and distance to city open space had a significant positive influence, 

while proximity to national forest land exerted no statistical significance. Furthermore, 

the inclusion of a property within a zoning development decreased its price by 17% to 

26%, depending on the model selected. However, the authors argued that the 

residential samples cover both urban and rural areas, therefore, the conclusion cannot 

be precisely drawn to the urban area. 

In a recent study, Stamou et al. (2017) identified the determinants of housing and 

commercial price in metropolitan Athens Greece by using SLM and SEM. A slightly 

better R2 is obtained in SEM. Moreover, spatial autocorrelation was displayed in the 

residuals of SLM, indicating a better fit of SEM in addressing spatial autocorrelation in 



 
70 

 

Athens real estate market. The SEM results indicated that property age has a negative 

yet moderate impact, whereas the quality features such as independent heating, air 

conditioning, existence of car park had a statistically positive influence.   

Another spatial econometrics technique that is commonly used among scholars is the 

Geographical Weighted Regression (GWR), which has gained popularity in the field 

of real estate price estimation analysis (McMillen, 1996; Paez et al., 2011), because it 

isolates and combines spatial dependency and heterogeneity, accounting for 

locational or adjacency effects and market segmentation (McCord et al., 2018); and it 

is able to capture the spatial nature of non-stationarity that the global models such as 

OLS, SLM and SEM are not able to do (Mou et al., 2017).  

McCord et al. (2018) examined the spatial relationship between the house price and 

environmental factors in Belfast Northern Ireland by using SLM and GWR. A similar 

result was obtained in both techniques, yet with GWR able to reveal more localised 

coefficients. Specifically, in both methods, house price displayed a negative effect with 

bad air quality, indicating that air pollution may lower the property price as bad air 

quality was harmful to health and wellbeing. GWR further demonstrated that the air 

quality pollutants on the house price fluctuated across space, with Belfast being most 

affected by the low-air quality. Furthermore, the noise pollution (i.e. traffic noise), on 

the other hand, exerted no proximal effect in both models. A possible explanation can 

be derived from a behavioural perspective, as people’s willingness to put up with traffic 

noise varied across individuals.  

Cao et al. (2019) investigated the spatial variation of house resale prices in Singapore 

by GWR. The influencing factors included average apartment age, average floor area 

of the apartments, distance to the nearest hospital, shopping mall, park, prestigious 

primary school, CBD, railway station and bus stops. The findings displayed that the 

variables of average age and area, distance to park, CBD and railway station exerted 

a statistically negative influence on the housing price, while the rest were not 

statistically significant in explaining the housing price. The authors argued that the 

non-significant variables are presumably due to the relatively even allocation of 

resources make the Singapore a self-sustained place. 
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In terms of the studies conducted in China, Liang et al. (2018) study the spatial non-

stationary relationship between housing prices and locational factors in terms of rail 

transit stations, department stores and lakes, at a neighbourhood level in Ningbo 

China by using GWR. Significant spatial heterogeneity and distinct regularity were 

revealed. Specifically, a negative correlation was identified between a rail system and 

the house price in the city centre, due to environmental and sustainable issues, such 

as space congestion and noise, which lower the quality of surroundings and hence, 

housing prices. In contrast, a positive effect was observed in non-central areas, given 

that the residents rely heavily on public transport in the non-central areas to commute. 

Department stores, on the other hand, positively influenced the residential prices in all 

neighbourhoods. The natural landscape feature (i.e. lakes), however, needed to be of 

certain size and quality to exert the value-added influence on housing prices.  

Another spatial heterogeneity study of influencing factors on residential land price was 

conducted by Hu et al. (2016), in Wuhan China, using the same GWR technique. 

Different degrees of influence on residential land prices were observed over space. 

For example, the Floor to Area Ratio (FAR) was found to have a weakening impact on 

land price with increasing distance from the city centre. A higher FAR contributes to a 

higher land premium in the highly developed city centre areas but commands a lower 

land price in a city suburb area. Furthermore, distance to CBD had a negative 

correlation with land prices, with a more significant impact on highly developed areas 

than in less developed areas.   

Mou et al. (2017) investigated the spatially non-stationary relationship between 

housing price and the associated influencing factors. GWR technique was employed 

to examine the local association of spatial variability among 338 cities across China. 

The selected factors included: land price, supplied amount of residential land, 

urbanization rate, average wage of urban employees, proportion of renters. Their 

findings revealed that the relationship between predicted housing price and the five 

determinant variables was not universal over spatial areas but instead displayed 

spatial changes. Specifically, land price was observed to be statistically positive 

especially in east coastal cities, displaying much higher coefficients than the rest. This 

was largely driven by the increased immigrant population from inland cities, leading to 

a comparatively limited residential land use. In contrast, the supplied amount of 
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residential land was not statistically significant, indicating that the adjustment of 

supplied land had a slight effect on housing price. Furthermore, in Mou et al. (2017) 

research, urbanization rate, average wage of urban employees and proportion of 

renters were calculated to have the strongest effect on east coastal cities, 

demonstrating a strong demand of houses in this region derived from immigrants. 

Indeed, the result demonstrated that land price exerted the most dominant influence 

on housing price. Therefore, the role of land price should not be overlooked, which is 

stressed on this thesis. The spatial influencing attributes that impact on property/land 

price are summarised in Table 3.3, which helped the thesis justify the locational 

variable selection in later empirical stage.  

 

Table 3.3 Summary of Spatial Influencing Factors on Real Estate Price 

Authors  Dependent 
variable 

Influencing Factor Impact  
(+ or -) 

Method 

Conway et 
al. (2010) 

Residential 
housing price 

Greenspace + SLM 

Wang et al. 
(2017) 

Residential 
housing price 

Administrative level; 
Percentage of renters; 
Floating population;  
Level of wages;  
Land price; 
Housing market (percentage of 
the population working in real 
estate industry); 
City service level (percentage of 
the population working in tertiary 
sectors)  

+ SLM 

Living space - 

Zhang et al. 
(2015) 

Commercial 
real estate 

Street frontage;  
Vacancy rate; 
Property height 

+ SEM 

Property area; 
Property width; 
Property depth 

- 

Kling et al. 
(2015) 

Residential 
housing 
prices 

Distance to national parks; 
Distance to city open space 

+ SLM + 
SEM 

Inclusion of a property within a 
zoning development 

- 

Distance to national forest land No sig. 

(Continued) 
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Table 3.3 (Continued) 

Authors  Dependent 
variable 

Influencing Factor Impact  
(+ or -) 

Method 

Stamou et 
al. (2017) 

Housing and 
commercial 
price 

Independent heating; 
Air conditioning;  
Existence of car park 

+ SLM + 
SEM 

Property age - 

McCord et 
al. (2018) 

Residential 
housing price 

Air pollution - GWR 

Noise pollution No sig. 

Cao et al. 
(2019) 

Residential 
housing 
resale price 

Average age;  
Average housing area; 
Distance to park; 
Distance to CBD; 
Distance to railway station 

- GWR 

Distance to hospital; 
Distance to shopping mall; 
Distance to primary school; 
Number of bus stop 

No sig. 

Liang et al. 
(2018) 

Residential 
housing 
prices 

Distance to rail + in 
central 
- In 
non-
central 

GWR 

Distance to Department stores +  

Hu et al. 
(2016) 

Residential 
land price 

FAR; 
Distance to CBD 

- GWR 

Mou et al. 
(2017) 

Housing price Land price; 
Urbanization rate; 
Average wage of urban; 
Employees; 
Proportion of renters 

+ GWR 

Land supply No sig. 

 

3.3.3. Application of Time-series Models in Real Estate Valuation  

Having reviewed the spatial impacts on the real estate prices, it is also importance to 

explore the temporal nature of the interaction between different sectors. The rationale 

to investigate the inter-dependency came from Engle and Granger (1987) who 

proposed the concept of co-integration to describe the long-run equilibrium 

relationship between variables. That is, if a system of variables is co-integrated, these 

variables are tied together in a long-run equilibrium relationship despite short-term drift 

from each other. As suggested by Brooks and Tsolacos (2010), it was often expected 

in the real estate market that some variables may exhibit some long-run relationships 
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with one another. The co-integration of price indices for different types assets can 

impose implications in the market. For example, Markowitz (1952) argued the low level 

of association between different types of assets are beneficial for diversification. It is, 

therefore, imperative to investigate the co-integration for the price indices. In the 

opinion of Tuluca et al (2000), the detection of such interaction can help improve the 

prediction accuracy by including the long-run equilibrium in the study.  

Baffoe-Bonnie (1998) used Vector Autoregressive (VAR) model and analysed the 

dynamic effects of monetary policy (denoted by money supply) and macroeconomic 

variables (mortgage rates, consumer price index and employment growth) on the 

housing prices and the stock of houses sold. The results showed that fluctuations in 

the residential market and houses sold were significantly influenced by the economic 

variables. Monetary policy, on the other hand, had a moderate direct influence on the 

housing price and the stock through the strong effects on the mortgage rates. Sato 

(1995) argued for that monetary policy reacted more in the long run on the real estate 

market, which in turn was less likely to have an immediate reaction on the real estate 

price. Furthermore, Giussani and Hadjimatheou (1992) confirmed the importance of 

personal disposable income, interest rates and tax in terms of the influences on the 

house prices.  

By using Vector Error Correction Model (VECM), Liow (1999) assessed the 

cointegration relationship between commercial property prices, property stock prices, 

GDP, interest rates and commercial space supply in Singapore to prove evidence of 

long-term equilibrium relationship and short-run dynamics of commercial property 

market in relation to the stock market and the macro-economic attributes. The results 

displayed a long-run relationship between commercial property price, stock price, GDP 

and the identified macro-economic attributes, indicating that commercial real estate 

market and stock market interact with each other under the economic system. 

Furthermore, the regression showed that 10% of the deviation was corrected towards 

long-run equilibrium in each quarter. However, short-run changes in stock price did 

not show significant effects on the commercial prices, indicating that short-term stock 

may not be appropriately employed for the prediction of commercial market 

performance.    
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In extension of Liow (1999), Liow and Yang (2005) further employed VECM and detect 

the long-term equilibrium implications between public real estate (referred to as a REIT 

type of securitised real estate product), stock market and five key macroeconomic 

factors including GDP, CPI, short-term interest rates, money supply and exchange 

rate in Asia-Pacific market (i.e. Japan, Hong Kong, Singapore and Malaysia). 

Specifically, GDP was used to measure the level of economic activities; CPI was 

measured as proxy of inflation; short-term interest rate denoted the expectation for 

future economy as well as the investment opportunities; and money supply served as 

a key indicator of direction of capital flows. The findings demonstrated that the linear 

long-run relationship between public real estate, stock price and five macroeconomic 

attributes is found in all the four Asian markets, indicating that real estate price is not 

only influenced by the economic system, but interacted with other Asian markets in 

long run. 

Similarly, Sirmans and Slade (2012) developed a quarterly land transaction price index 

based on residential land, with VECM applied to predict the long-term co-movement 

between the constructed index and institution-published housing price index in 

America. The authors considered that an understanding of cointegration and causality 

between two price indexes was imperative for investors and policymakers to make 

insightful decisions. Their findings showed a non-cointegrated relationship between 

two prices in the long-run, although a joint causality is captured in the short-run. 

Katrakilidis and Trachanas (2012) employed Autoregressive Distributed Lag (ARDL) 

model to examine the dynamics between housing prices and selected macroeconomic 

fundamentals in Greece from January 1999 to May 2011. The Greek housing price 

index was used as the dependent variable to measure house price, while the 

consumer price index and the industrial production index were employed as a proxy 

of GDP. All variables were expressed in log form. The results illustrated that there 

were significant differences between housing price and the associated explanatory 

variables for short-term and long-run time horizons. Specifically, in the long-run 

consumer price index indicated a negative change on housing price, whereas the 

industrial production index positively influenced housing price. The impact of the two 

indices on housing price showed different dynamics in the short-run analysis, where 
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the housing prices responded more rapidly to the increase of both consumer price 

index and industrial production index than to the decrease. 

Although this thesis did not intend to analyse the inter-relationship between land 

market and stock market, the review of literature in relation to temporal analysis did 

illustrate the investigation of the temporal nature of the interaction between LBP 

estimates, government published land price index which was used to update LBP 

appraisal date (section 4.5.2 and 4.6.1.1) and transaction prices. In doing so, the long-

run equilibrium relationship, short-run dynamics and direction of causality can be 

identified between three prices to gain a better understanding of the pricing 

mechanism in Chinese land market.  

3.4. A Review of Valuation Accuracy   

Having discussed the application of both traditional and advanced valuation methods, 

it is important to reflect on valuation accuracy. In this respect, Mallinson and French 

(2000) have considered how valuation accuracy is inevitably influenced by 

uncertainties arising from market position in a cycle and the characteristics of the 

subject property. Furthermore, French and Gabrielli (2004) argued that valuation 

would be only certain when the future could be accurately predicted. Given this 

impossibility, the market transaction price will always different from the valuation 

estimates. In accuracy studies, Crosby (2000) differentiated between the concepts of 

valuation bias and valuation variation. The former accounts for the relationship 

between valuation and the associated market transaction price, in contrast to the latter 

which concerns the valuation differences produced by more than two valuers for the 

same subject property. This thesis focuses on the accuracy regarding the relationship 

between valuation and market transaction price, instead of behavioural influences on 

the individual valuation figure.  

In the early stages of valuation/transaction studies, investigations into the relationship 

between valuation estimates and the realised transaction prices starts with the UK 

study by Brown (1986), who assessed 29 UK properties from 1975 to 1980 by using 

a bivariate model of appraisal estimates and realised transaction prices. The study 

showed that valuation could generally represent the transaction price evidenced by 

the statistical significance of the p-value in the results. However, in Brown (1986), the 
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margin of error between valuation and the transaction price was not explicitly 

compared. In light of the effect of size variations, Matysiak and Wang (1995) 

investigated the margin of error in the UK commercial properties. A total of 317 

samples were collected from 1973 to 1991, using the dataset of Jones Lang Wootton. 

An average 3-9 months lag between the appraisal and transaction dates was identified. 

The findings showed an average of 17% differentials between appraisal estimates and 

transaction prices. In addition, the possibility of the valuation falling within a ±10% 

margin of error was just 30%, whereas the probability of a ±15% was 55% and a ±20% 

was 70% (Table 3.4). They argued that valuation accuracy depended on how valuers 

respond to market changes, but in practise, the reaction from valuers was generally 

slow to adjust and forecast market movements especially in an upswing or downswing 

market. As a result, the authors concluded that appraisals tended to be over-estimated 

in a depressed market and under-estimated in an active market, which led to a 

smoothing effect.  

Table 3.4 Summary of Matysiak and Wang (1995) Findings 

Margin of Error  -10% - +10% -15% - +15% -20% - +20% 

Percentage of Valuations Falling 
within each Accuracy Range 

30% 55% 70% 

Average Differential of the Sample 
to Transaction Price 

17% 

 

In relation to temporal effect Bowles et al. (2001) emphasised a major methodological 

problem with time lags. They suggested that the time lag period between the appraisal 

and transaction dates potentially impaired the ability to compare the valuation and 

transaction price. Particularly, given the delay, valuers were likely to gain preceding 

knowledge of agreed sales which in turn influences the valuation. According to Bowles 

et al. (2001), this temporal effect would strike significant attention in the investment 

market given that property investment performance measures were based on 

valuations rather than market transaction prices. Prior to Bowles et al., a valuation-

timing adjusted analysis had been carried out by Newell and Kishore (1998) in 

Australian commercial market. Using property indices, the authors adjusted time lags 

between valuations and respective transactions among 218 properties in the sub-

periods of active and depressed markets from 1987 – 1996. A decreased differential 
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of 7% and 1% were obtained individually in depressed market and active market 

compared to the figures of 9.4% and 9.5% without time adjustment. The authors 

commented the larger differences in depressed market reflected the difficult access of 

information. However, the distribution of percentage differentials was not provided for 

the time adjusted data. In response to the inherent time lag problem, a further UK-

based study undertaken by Blundell and Ward (2008) used value penultimate to sale 

with an average gap of 4.5 months. Using the same data source as Matysiak and 

Wang (1995) with larger samples of 747 commercial, industrial and mix-used 

properties between 1973 and 1990, a higher level of improvement was obtained 

relative to the unadjusted data. A differential of 7% was identified in the samples, with 

81% of the valuations lying within the ±20%, 15% of samples above ±20% and only 

4% below ±20% (Table 3.5).  

Table 3.5 Summary of Blundell and Ward (2008) Findings 

Margin of Error  < -20% -20% - +20% > +20% 

Percentage of Valuations Falling within 
each Accuracy Range 

4% 81% 15% 

Average Differential of the Sample to 
Penultimate Sale Value 

7% 

 

 

The work of Matysiak and Wang (1995) and Blundell and Ward (2008) while useful did 

not capture the market movements on a geographical basis. The locational influence 

of heterogeneity was taken into consideration by McGreal and Taltavuall (2012) who 

employ Two-Step Least Squares Regression (2SLS) to avoid endogeneity in Spanish 

residential market. A substantial number of observations of 417,757 sales covering 

ten provinces from January 2005 to June 2006 were observed. The results showed a 

high level of valuation accuracy. Nearly 85% of the appraisals were within ±5%, 91% 

within the variation of ±10% and 95% within ±15% (Table 3.6). The authors 

commented the cities with major urban clusters tended to have positive valuation 

differentials of more than 15%. In contrast, physical variables such as the number of 

rooms and size of property had a more homogeneous effect on the valuation.  
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Table 3.6 Summary of McGreal and Taltavull (2012) Findings 

Margin of Error  -5% - +5% -10% - +10% -15% - +15% 

Percentage of Valuations Falling 
within each Accuracy Range 

85% 91% 95% 

 

Crosby et al. (1998) further reviewed margin of error within the context of UK by 

examining existing UK studies spreading from early 1970s to late 1990s. The authors 

concluded that real estate valuation is considered fairly accurate in the UK, with nearly 

75% of commercial valuation fell within an accuracy bracket of 10 – 15%. More 

importantly, relying on legal valuation negligent cases, Crosby et al. (1998) drew 

imperative conclusion on an accepted margin of error applied by the UK courts, where 

a bracket of ±10% - ±15%, or in exceptional cases of residual valuations up to ±20%, 

are identified to be the appropriate margin in accurate studies. This margin of ±20% 

has been benchmarked as an accurate valuation among scholars, which hence, 

provided the basis to measure accuracy by this thesis in later empirical analysis.  

Unfortunately, valuation with the realised transaction cannot always be obtained due 

to market data limitations.  Hence, alternative data sources were used for the valuation 

accuracy. For example, Adams et al. (1985) investigated valuation differences by 

comparing the asking price and transaction price in the UK vacant land market. 

Twenty-five samples were selected in Manchester inner city between 1978 and 1982. 

The results show that the asking price was said to be 25% - 80% above the transaction 

price. The authors believed that vacant land valuation using the comparable method 

was likely to lead to an over-estimation especially where there were limited transaction 

comparables in the market. As a result, the land appraisal estimates could only be 

‘revised downwards slowly and reluctantly in response to lack of demand or excess 

supply’, which could potentially lead to delays in land development (Adams et al., 

1985).  

A more recent study from Stevenson and Young (2004) compared the published guide 

price and auction results for the residential market in the Greater Dublin area from 

1997-2001. In total, 1,993 sale samples were collected, of which 1,694 were through 

auction sales and 299 through private negotiations. The findings demonstrated in the 

majority sales, the transaction price was higher than the guide price for both public 
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auctions and private negotiations. In addition, a higher level of divergence was found 

in the auctions (nearly 55% of the auction samples were sold outside of 20% variance 

range compared to the published guide price, whereas only 10% of the private treaty 

samples lie outside the 20% range). The authors explained that auctions tended to 

help generate demand which can potentially trigger a higher premium. They also noted 

that speculative investment behaviour in a boom market led to a higher transaction 

price in the auctions. Yet they argued that the guide prices did not act as a good proxy 

to predict the transaction price, as the guide price was often different from the valuer’s 

appraisal estimates, and the guide prices can be purposely underestimated to help 

create more interest from potential buyers. 

Table 3.7 Summary of Stevenson and Young (2004) Findings 

Differences 
between sale 
price and 
guide price 

0 – 5% 
5 – 
10% 

10 – 
15% 

15 – 
20% 

> 20% 

Average 
Absolute 
Differences of 
the Samples 

Auction 
Transactions 

8.09% 6.55% 12.28% 15.11% 54.72% 24.79% 

Private 
Negotiations 

22.74% 25.75% 21.07% 10.03% 10.03% 10.09% 

 

Efforts to investigate valuation (in)accuracy in developing countries are limited. The 

shortage and the reliability of property market information in developing countries 

remain the biggest obstacle compared to the developed countries where the 

institutions have developed over many years to provide a rich and reliable dataset. 

Instead, focus has been largely placed on valuation practice. Adegoke (2016) 

examined the valuation (in)accuracy in Nigeria Lagos by questionnaires from local real 

estate companies. In total, 146 questionnaires were collected. The survey results 

showed that valuer’s skill, judgement of the objective and experience are considered 

to be the most important factors to secure an accurate valuation, followed by the 

reliability of the market data and valuation methods. The findings were in line with 

Babawale and Omirin (2012) who believed the valuer’s experience and method of 

valuation are the critical aspects of the valuation accuracy. Awuah and Gyamfi-Yeboah 

(2017) looked at valuation practice for complex property in Ghana. Seventy 

questionnaires were collected from real estate valuers to assess the effect of valuation 
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methods on valuation variation. According to the authors, the choice of valuation 

methods depended on the nature of the property, the purpose of the valuation and the 

accessibility of the data. The valuers had the freedom to adopt a different method but 

the possibility to employ a less appropriate method may result in valuation inaccuracy. 

Their findings revealed that the cost method created the highest level of variation 

(63.5%) compared to the market comparison (44.6%), income approach (56.3%) and 

the combination of methods (51.8%). Thus, cost method was considered as the least 

appropriate method in complex valuation tasks. The comparable approach in Awuah 

and Gyamfi-Yeboah (2017) study produced a better valuation accuracy with the least 

coefficient of variation, although Adams et al. (1985) indicated that the comparable 

method might be less accurate in a limited transaction market. The inconsistency 

between Awuah and Gyamfi-Yeboah (2017) and Adams et al. (1985) suggested that 

the differences in the valuation process and the selection of methods in different 

countries might lead to a different level of valuation accuracy. 

Table 3.8 summarised the margin of error identified from above evidence. Greater 

accuracy in valuation was observed in the developed countries for the purposes of 

investment measurement or mortgage valuation. The majority appraisals were 

estimated to be within a reasonable range of ±20%, but yet some could be clustered 

in the ±5% band while others were clustered much higher. In developing countries, 

limited studies have investigated the exact differentials between the valuation and 

transaction prices due to a lower level of market transparency. However, evidence 

from  Awuah and Gyamfi-Yeboah (2017) and Adams et al. (1985) showed that the 

differences in the valuation process and the selection of methods in different countries 

can lead to a different level of valuation accuracy. Having reviewed the literature on 

valuation accuracy, previous studies put a large focus on investment properties. This 

study, therefore, looks at the selection of valuation method (namely LBP) and 

investigates the valuation accuracy of LBP from the Chinese land development 

perspective. 
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Table 3.8 Summary of Valuation Variations in Identified Literature Review 

Authors  Location Valuation 
Purposes  

± Range Basis Comments 

Adams et 
al. (1985) 

UK Land 
Development 

No differential 
percentage is 
specified. 

Focus on the 
valuation accuracy 
from a 
development 
perspective. 

Hagar and 
Lord (1985) 

UK Performance 
Measurement 
 

No differential 
percentage is 
specified. 

Small sample size 
may distort the 
results. 

Brown 
(1986) 

UK Performance 
Measurement  

No differential 
percentage is 
specified. 

Results based on 
the p-value of the 
bivariate model. 
Valuation bias is 
not provided. 

Matysiak 
and Wang 
(1995) 

UK Commercial 
Investment  

Within ±10%; 
Within ±15%; 
Within ±20%. 

The effect of size 
variations is 
considered. Time 
lag b/t appraisal 
and transaction 
price are not 
adjusted. 

Stevenson 
and Young 
(2004) 

Greater 
Dublin  

Residential 
Asset 
Valuation 

Within 0 - 5%; 
Within 5 - 10%; 
Within 10% - 15%; 
Within 15% - 20%; 
Lager than 20%. 

Guide price is not a 
good proxy for 
appraisal 
estimates. 

Blundell 
and Ward 
(2008) 

UK Commercial 
Investment 

Smaller than -20%; 
Within ±20%; 
Lager than +20% 

Time lag b/t 
appraisal and 
transaction price is 
adjusted. 

McGreal 
and 
Taltavull 
(2012) 

Spain Residential 
Mortgage  

Within ±5%; 
Within ±5% - ±10%; 
Within ±10% - 
±15%; 
Greater than ±15%. 

Spatial effect of 
heterogeneity is 
taken into 
consideration. 

Babawale 
and Omirin 
(2012) 

Lagos Quality 
investigation 
in valuation 
practice 

No differential 
percentage is 
specified. 

Valuation accuracy 
studies shift from 
developed 
countries to 
developing 
countries.  

Adegoke 
(2016) 

Nigeria No differential 
percentage is 
specified. 

Awuah and 
Gyamfi-
Yeboah 
(2017) 

Ghana  Reliability of 
market 
information  

No differential 
percentage is 
specified. 
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3.5. Summary  

The primary focus of this chapter was to explore the valuation methods and valuation 

accuracy identified in the noncontact of worldwide. In doing so, it helped capture the 

gap in relation to the Chinese real estate valuation compared to the wider context of 

international valuation practice.  

Section 3.2 investigated the traditional valuation methods used among practitioners. 

Current research shows that such valuation methods are believed to be more 

prevalent in their usage among valuers compared to the advanced computer-aided 

methods, driven by the guidance from professional bodies and educational institutions. 

In the context of China, the choice of method used is different from neighbouring Hong 

Kong, largely influenced by the regulations, as well as data accessibility. Different 

market conditions together with the professional institutions will inevitably lead to 

divergences in the valuation practices.  

Section 3.3 advanced valuation methods employed among scholars, namely hedonic 

pricing regression, spatial regression and time-series regression. The imperative 

influencing variables used in each method were described. Although the advanced 

valuation methods are not commonly practised by the valuers due to the compliance 

with professional bodies and limited training through educational institutions, it is 

believed that reviewing the advanced methods together with the influencing factors on 

real estate price can help offset the pitfalls from traditional comparable method. 

Detailed influencing factors were summarised from existing literature, which can help 

guiding and collecting data regarding land attributes, economic indicators and 

locational factors for this thesis. 

Furthermore, section 3.4 reviewed valuation accuracy. Greater accuracy of up to ±20% 

in valuation was observed in the developed countries for the purposes of investment 

measurement or mortgage valuation, whilst valuation accuracy had been less 

quantitatively measured and analysed in developing countries, due to issues of data 

limitation and transparency. Moreover, evidence from Awuah and Gyamfi-Yeboah 

(2017) and Adams et al. (1985) showed that the differences in the valuation process 

and the selection of methods in different countries lead to a different level of valuation 

accuracy. Therefore, it sheds light for this thesis to look at the selected of valuation 
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method (namely LBP) and investigates the valuation accuracy of LBP from the 

Chinese land development perspective.  

Having established the background of valuation methods and accuracy in developed 

markets, Chapter 4 contains a detailed discussion of the research methodology 

adopted by this thesis to bridge the theoretical framework identified in the literature 

and the empirical analysis of the study. 
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Chapter 4 Research Design and Methodology 
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4.1.  Introduction 

The preceding chapters reviewed the three main areas of interest to contextualise this 

thesis. To recapitulate, Chapter 2 provided a contextual framework to capture the 

development of the Chinese real estate market, with specific attention on the process 

of urbanisation and land development, land administration and the Land Benchmark 

Price method used in China and wider Asian countries. Chapter 3 evaluated traditional 

and advanced methods of real estate appraisal. Furthermore, valuation accuracy was 

discussed to help determine an appropriate margin of error in developed countries. 

The systematic literature review in Chapters 2 and 3 demonstrated a research gap 

with limited attention focused on the investigation of valuation accuracy by the LBP 

method.  

In order to fill the research gap in the field of study, this thesis investigates the 

effectiveness and accuracy of Land Benchmark Price in land urban valuation in China. 

Furthermore, this thesis attempts to demonstrate an experimental design to improve 

the valuation accuracy of the LBP system which takes temporal and spatial effects into 

consideration. This chapter, therefore, is devoted to explaining the detailed 

methodological design adopted to conduct empirical research. Chapter 4 connects the 

theoretical content identified in the literature review (Chapters 2 and 3) and the 

empirical analysis of the study (Chapter 5 – 7), demonstrating the research methods 

and overall research design used to carry out data collection and data analysis (Figure 

4.1).  

Specifically, section 4.1 introduces the structure of this chapter, followed by a 

theoretical review of the research methods in section 4.2. Section 4.3 justifies the 

research design employed in this study. Literature review is demonstrated in section 

4.4, followed by the data collection and empirical stage of data analysis in section 4.5 

and 4.6 respectively. Section 4.7 concludes the chapter.  
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Figure 4.1 Structure of Chapter 4 

 

 

 

 

 

Chapter 2: Urbanisation and Land 
Administration System in China 
 

• Context of real estate market in 
China, with specific attention to the 
land urbanisation and development 
process, land administration and 
land auctions; 

 

• Land Benchmark Price in China and 
the wider Asian countries. 

Chapter 3: Valuation Methods and 
Valuation Accuracy in a Global 
Context 
 

• Traditional and advanced methods 
of land valuation with assistance of 
mathematical models; 

 
 
 

• Valuation variation identified in 
developed countries. 

 

Theoretical Stage – Literature Review 

Phase 1 – Quantitative 
measurement of valuation 
accuracy (Chapter 5) 
 

• Valuation variation 
identification by LBP 
method 

 
 

Empirical Stage – Quantitative Analysis 

 

• Introduction 

• Overview of the research methods 

• Research design 

• Theoretical Stage 

• Data collection 

• Empirical stage 

• Summary  

Chapter 4: Methodological Design 
 

Phase 2 – Statistical 
model of time-series 
analysis (Chapter 6) 
 

• Lead/lag relationship 
recognition in the 
Chinese pricing 
system 

 
 
 

Phase 3 – Statistical 
model of spatial 
analysis (Chapter 7) 
 

• Spatial distribution 
demonstration; 

• LBP method 
accuracy 
improvement  
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4.2. Overview of the Research Methods  

Research is a significant process to investigate innovative ideas and improve up-to-

date issues in the field of study. According to McQueen and Knussen (2002), the 

nature of research reflects a progressively sophisticated function, which aims to 

inspect incomplete knowledge and vaguely understand the phenomenon of all 

disciplines. A scientific research method is needed to provide a systematic procedure 

for conducting research and exploring adequate solutions. The traditional research 

methods are fundamentally categorised into two groups, i.e., qualitative and 

quantitative analysis (Punch, 2005).  

Qualitative research focuses on the social sciences in terms of social matters or 

human problems (Creswell, 2009). It is usually applied by researchers to qualify and 

validate the results from quantitative research. According to Matthews and Ross 

(2010), the qualitative method is concerned with subjective understanding and beliefs. 

Consequently, the data collected is generally opinion-based consisting of words or 

participant expressions. Questionnaires, interviews and group discussions are 

common examples of data collection for qualitative research (Knight and Ruddock, 

2008). Compared to the quantitative method, it aims to collect more in-depth 

information from an insider or expert perspective.  

Quantitative research reflects the philosophy to describe everything numerically and 

is concerned with statistical analysis such as average, variation, or relationships 

amongst different variables (Creswell, 2009). The focus of quantitative research is to 

deal with large-scale and representative sets of data, by developing mathematical 

expressions or statistical models. The procedures include quantitative measurement, 

descriptive analysis and statistical model experiments. According to Berg (2009), the 

quantitative method provides a rigorous, reliable and verifiable large aggregates of 

data enabling the statistical testing of empirical hypotheses. In addition, the large 

amount of data makes it easy for researchers to generalise by removing the confusion 

of outliers, resulting in a more reliable and objective outcome. Surveys and 

experiments are the common methods of quantitative data collection, analysis and 

interpretation  (Blaxter et al., 2010).   
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However, McQueen and Knussen (2002) argue that the distinction between qualitative 

and quantitative approaches is not always that clear cut given that they can co-exist 

and even overlap, although the two methods are generally viewed as distinctive 

research approaches. A mixed-method, on the other hand, combines both qualitative 

and quantitative approaches as well as data analysis to ensure the triangulation of 

research results (Creswell, 2009). Bernard (2013) further justifies that quantitative data 

can be analysed by both quantitative and qualitative approaches and vice versa (Table 

4.1). The key values of adopting a mixed-method approach are that it increases the 

validity of the findings and enables a more profound understanding of the study area 

(Hurmerinta-Peltomaki and Nummela, 2006), as well as facilitating much wider 

interpretation of the analysis (Morse and Chung, 2003). 

Table 4.1 Quantitative vs Qualitative Data and Analysis 

Analysis 
Approach 

Data Type 

Quantitative Qualitative 

Quantitative 

Statistical/mathematical 
analysis of data in the form 
of numbers  

Turning opinion-based 
statistics into numbers by 
using content analysis, word 
counts or pile sorts etc. 

Qualitative 
Presentation of meaning in 
results of quantitative 
processing  

Interpretive text studies such 
as hermeneutics and grounded 
theory  

Source: Bernard (2013) 

The framework employed in this study follows that adopted by Bernard (2013) to utilise 

quantitative approaches to analyse the quantitative data, which consists of basic 

statistical analysis and the application of regression models via computer-aided 

statistical software such as SPSS, E-views and Arc GIS. In order to obtain a robust 

result, this research compares different approaches and modelling techniques 

employed by researchers from similar study fields (section 4.5), as these are proven 

and widely used approaches and models which provided a strong theoretical basis to 

achieve meaningful results.  

4.3. Research Design  

The research design provides a systemic structure of interdependent activities in order 

to achieve the research aim and objectives (Bryman, 2016). Bryman and Bell (2003) 
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identify the research design as a logical plan to achieve the research aim and 

objectives. According to Creswell (2009), a comprehensive research design consists 

of a rationale, expected outcomes and the overall contribution of the research to 

existing knowledge. In addition, Yin (2009) believes a research design also enables 

researchers to scientifically investigate the research questions and reduce the 

ambiguity of the study field. Abrahamson (1983) believes a research design embodies 

an overall strategy of the research to approach and solve the identified research 

questions. Indeed, a large amount of research is designed to address the issues and 

focus on responding to the research questions.  

A quantitative research method is selected in this thesis due to its popularity among 

researchers in different subjects to enable a better accuracy when attempting to create 

generalization about the subject matter involved (Azorin and Roslyn, 2010). According 

to Kruger (2006), a quantitative method allows researchers to summarise vast sources 

of information and facilitate comparisons across categories over time. Moreover, 

quantitative research uses a randomised process to collect information, preventing 

bias from entering into the data and creating an additional advantage to be statistically 

applied to the rest of the population group (Shorten and Smith, 2017). The adoption of 

a quantitative research method in this thesis provides crucial guidance in facilitating 

the development of the research undertaken, by offering reliable and consistent results 

to the decision-making process.  

To achieve the aim and objectives set up by the thesis (section 1.3), the research 

design adopted is guided by a set of research questions requiring quantitative analysis 

of data, enabling the statistical analysis of data in the form of numbers. In this regard, 

Table 4.2 illustrates the framework encapsulating the research aim, objectives and 

associated research questions. Specifically, the thesis consists of a theoretical review 

of existing literature (section 4.4), secondary data collection (section 4.5), and an 

empirical stage comprising three phases data analysis (section 4.6).  
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Table 4.2 Research Aim, Objectives and Associated Research Questions 

Research Aim – to carry out an in-depth investigation of the effectiveness and accuracy 
of government-published Land Benchmark Price (LBP) in valuing land price in China 

Research 
Activities 

Research Objectives  Research Questions 

Theoretical 
Stage – 
Literature 
Review  

To theoretically evaluate 
the underpinning land 
administrative 
environment in relation 
to the urbanisation 
process and LBP land 
valuation method in 
China; 
 
 
 

• What is the process of urbanisation, land 
development and land auctions in China? 

• How does the Chinese land administration system 
operate? 

• What is the Land Benchmark Price System and 
how does it work in Beijing? 

• What variables form the equation of LBP? 

• How do land grades work as the basis for LBP 
method? 

• To what extent has a benchmark pricing system 
been used for land valuation in wider Asian 
countries? 

To conceptualise the 
use and application of 
traditional and advanced 
land valuation methods 
and determine how 
valuation accuracy is 
measured in a global 
context; 

• What are the commonly used traditional methods 
and regression models in assessing land value in 
a global context? 

• What are the commonly identified variables in 
forming real estate price construction in advanced 
valuation methods? 

• What is the accepted margin of error for the land 
valuation accuracy in developed and developing 
countries? 

Empirical 
Stage –  
Quantitative 
Analysis and 
Modelling  

To empirically measure 
and test valuation 
(in)accuracy of the LBP 
method in land appraisal 
and capture the 
dynamics underpinning 
the valuation 
discrepancy 

• How does LBP deviate from the market transaction 
price in Beijing?  

• What percentage differentials are observed in the 
residential, commercial and industrial sectors? 

• What variables are correlated to the market 
transaction price and LBP estimates?  

• What are the variables that contribute to the 
valuation differentials in each sector by using OLS 
regression? 

To examine the inter-
relationships between 
the government-
controlled pricing 
system of LBP and land 
price index compared to 
the market transaction 
price 

• What is the lead/lag relationship between the LBP, 
land price index and market transaction price in 
the residential, commercial and industrial sectors? 

• Is there any long-term cointegration relationship 
that combines the pricing system of three types of 
prices in each sector? 

• What are the short-term dynamics between three 
types of prices in each sector? 

• How often should LBP be updated in order to track 
the market movement in each sector? 

To compare and 
contrast the spatial 
factors influencing the 
LBP estimates and the 
market transaction price 
to re-define the 
homogenous areas for 
LBP method by district 

• What are the locational factors influencing market 
transaction price and how do these differ from LBP 
estimates in the residential, commercial and 
industrial sectors by using GWR? 

• What locational variables significantly influence 
land transaction price but are overlooked by the 
LBP method in each sector? 

• What are the ranges of associated coefficients 
applied in those overlooked locational variables?  

• Is there a more efficient alternative to serve as the 
LBP basis instead of land grades? 
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4.4. Theoretical Stage  

The review of related literature is a systematic approach to identify, locate and analyse 

documents which contain related knowledge of the study (Machi and McEvoy, 2016). 

The purpose is to provide an in-depth understanding of the research topic, find the 

research gap and update the existing research in the field of the study (Bowe, 2005). 

Jesson et al. (2011) advocate a solid review assisted in creating a new perspective, 

which makes the research undertaken distinct and original to the contributions. It is 

essential to build up a solid literature review as a firm basis, which leads to the 

empirical phase. According to Lester (1983), a solid literature also facilitates the 

empirical work in terms of identifying the research topic, interpreting the study results 

by comparing with previous findings and recognising further research areas. As Booth 

(2016) summarises, a successful literature reviews historical development and hence 

consolidates current understanding of the knowledge.  

Importantly, Hart (2018) identifies three vital stages of a critical literature review, that 

is, reading with a purpose to extract materials based on themes, extracts and notes 

on themes and writing sections on the themes. Indeed, there is a variety of literature 

available for scholars that can be referenced when looking for a relevant research 

topic. Arguably, not all resources are considered equally important when writing 

literature reviews (Berg, 2002). Booth (2016, p84) advocates to “start with a clearly 

defined scope for any type of review, but particularly one which claims to be 

systematic”; while Berg (2002) cautions an order of reliability for the relevant literature. 

This thesis covers theoretical and conceptual knowledge through a systematic 

literature review, covering two main areas of interest to set up the background of this 

thesis. In doing so, this theoretical stage fulfils the objective 1 and 2 (section 1.5).  

Followed by Hart (2018), this thesis commences reviewing literature by searching key 

terms, which covers Land Benchmark Price, the Chinese land administrative system, 

land use rights and real estate development in Chapter 1; and land valuation methods, 

hedonic pricing models, time-series models, spatial models, valuation accuracy and 

margin of error in Chapter 2. Key influencing journals include Land Use Policy, Cities, 

Habitat International, Journal of Real Estate Finance and Economics and Journey of 

Property Research. 



 
93 

 

Based on a systematic review, this thesis highlights the wider debate on the practice 

of LBP as a valuation assessment method (see Li, 1995; Li and Walker, 1996; Ding, 

2001) exposes certain challenges notably that the compilation of the benchmark price 

is, to some degree, affected by the socio-political perception of land value in a socialist 

system. To obtain a more sustainable market price mechanism, the government is 

expected to gain a better understanding of the nature of the land market. The empirical 

work in this thesis is engaged in the integration of LBP with wider economic, temporal 

and spatial parameters. Specifically, the empirical stage initially commenced with data 

collection (section 4.5) including city selection (section 4.5.1), land-related data 

(section 4.5.2), social-economic data (section 4.5.3), and locational data (section 

4.5.4). The data are then analysed by the empirical stage consisting of three phases, 

quantitative measurement of valuation variation of LBP method (section 4.6.1), 

statistical modelling of time-series analysis (section 4.6.2) and statistical modelling of 

spatial analysis (section 4.6.3).  

4.5. Data Collection  

Data collection is the process of collecting information from all the relevant sources to 

find answers to the research problem, test the hypothesis and evaluate the outcomes 

(Sapsford, 1996). It is an essential process for social science researchers. As Wright 

(1979) justified, even the most carefully designed methodology may result in an 

insufficient study without well-conceived data collection procedures. According to 

Kothari (1985), data collection methods can be divided into two categories, namely 

primary and secondary data. As the name suggests, primary data is the original and 

exclusive information which is directly collected by the researchers. Methods of 

primary data collection include questionnaires, interviews, focus groups, observations 

and case studies etc (Waters, 2011). In contrast, secondary data can be sourced from 

publications such as books, newspapers, magazines, journals, online portals etc 

(Walliman, 2006) or statistical data generated from government or other sources 

(Burton, 2000). There is an abundance of data available in these sources regardless 

of the nature of the research area. As a result, the use of secondary data has gained 

large popularity in various research disciplines due to its advantages of quick 

availability, easy access and comprehensive historical coverage.  
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Table 4.3 Summary of Data Collection 

Types Variables References Data Source 

Land 
Attributes 

Land Transaction 
Price (LTP) 

Yang and Li (2014); Yang et al 
(2015); Yeh (2016); Garza and 
Lizieri (2016); Mou et al (2017); 
Han and Lu (2017) 

Bureau of Land 
and Resources 
(secondary data) 

Land Benchmark 
Price (LBP) 

Jiao and Liu (2012); Du et al (2016) 

Floor to Area 
Ratio (FAR) 

Shimizu and Nishimura (2005); 
Deng (2009); Ding (2013); Garza 
and Lizieri (2016); Hu et al (2016); 
Liu et al (2017) 

Land Area 
Basu and Thibodeau (1998); Zhu 
(2005); Lin and Zhu (2014); Chen 
et al (2016); Wang and Hui (2017) 

Land Grade 

Li (1996); Ding and Knaap (2001); 
Wei et al (2006); Liu et al (2008); 
Qu and Liu (2012); Xu and Li 
(2014) 

Land Price Index 
(GOVI) 

Dong et al (2012); Yang et al 
(2015); Qin et al (2016); Diewert 
and Shimizu (2017); Zhang et al 
(2017) 

China Urban Land 
Price Dynamic 
Monitor 
(secondary data) 

Socio-
Economic 
Factors 

Population 
Diaz and Hansz (2010); Zheng et al 
(2014); Abidoye and Chan (2016); 
Das et al (2018) 

National Bureau of 
Statistics 
(secondary data) 

GDP 
Henderson (2009); Lin (2010); Lin 
and Yi (2011); Asumadu-Sarkodie 
and Owusu (2016) 

Urban Fixed Asset 
Investment 

Chen et al (2007); Li (2009); Tian 
and Ma (2009); Li et al (2015); 
Chen et al (2016); Du et al (2016) 

FDI in Real Estate 
Thu and Perera (2011); Hui and 
Chan (2014); He and Zhu (2016); 
Liu et al (2016) 

Interest Rate 
Leishman and Bramley (2005); 
Mavrodiy (2005); Koroso et al 
(2013); McCord et al (2016) 

Distance 
Indicators   

Distance to CBD 
Basu and Thibodeau (1998); Fuerst 
et al (2016); Garza and Lizieri 
(2016); Li et al (2019) 

Author own 
calculation 
(primary data) 

Distance to the 
nearest railway 
station13 

Wu and Yeh (1997); Qin et al 
(2016); Zhou et al (2017); Uematsu 
(2019)  

Distance to the 
nearest subway 
station14 

Basu and Thibodeau (1998); Kim et 
al (2007); Bao et al (2014); Fuerst 
et al (2016) 

Distance to the 
nearest high 
school 

Basu and Thibodeau (1998); Lin 
and Jhen (2009); Zhou et al (2017); 
Li et al (2019) 

Distance to the 
nearest university 

Kashian and Rockwell (2019) 

 
13 Which is used to commute to other cities  
14 Which is used to commute within one city  
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For this thesis, secondary data is sourced from the Chinese government in the form 

of numbers (such as land transaction price, LBP, land features and economic 

indicators) and policies (such as the LBP manual). Burton (2000) justifies official 

statistics as one important source of secondary data which are widely used and 

analysed given their authority and reliability. Furthermore, primary data which involves 

the author’s own calculations regarding the locational distance are generated based 

on secondary data information (Table 4.3), which are detailed in the following sub-

sections. By reviewing existing studies of the advanced valuation method in real estate 

price construction (section 3.3), it is clear that there is no single list of variables used 

for the assessment of real estate price analysis. Indeed, it is impossible to include all 

the related variables for any modelling technique. Furthermore, the excessive 

variables employed by any regression may bring in more complicated issues of 

multicollinearity (McMillen, 2010). The variables, therefore, incorporated in this study 

are limited yet essential for the data analysis because these variables are widely and 

repeatedly used by the researchers (section 2.5.3 and 3.3). Moreover, the variables 

selected are able to provide crucial indicators to represent the characteristics in the 

Chinese land market, which enables the author to explore and compare the outcomes 

with existing studies. In total, 15 variables are used, covering the land attributes, 

social-economic factors and locational variables (Table 4.3).  

4.5.1. City Selection  

As mentioned earlier (section 2.5), Beijing is chosen as the study area for two main 

reasons. Firstly, as evidenced in literature (section 2.3.1), there is a strong association 

between Chinese cities hierarchical administrative system and government decisions 

making. Beijing, consequently, receives much more stringent supervision from the 

central government when land-use regulation is formulated and implemented, due to 

its political and administrative role. Secondly, as one of the first emerging and major 

cities in China (section 2.2.2 and 2.2.5), the Beijing real estate market enjoys a 

stronger attraction for both development and investment, which contributes to a better 

market transparency and information exposure. This allows the thesis to statistically 

analysis the LBP method. Beijing, therefore, provides an ideal case to examine the 

practice of LBP. 
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4.5.2.  Land Attributes  

The land transaction information is sourced from the Beijing Municipal Bureau of Land 

and Resources, which is the authoritative collector and information provider of the land 

transactions. The land transaction information published by the local government 

covers the essential statistics including location, land use, land area, Floor to Area 

Ratio (FAR), land grade and transaction price. The land transaction data in this 

research covers the period from 2002 to 2017. The data starts in 2002 which coincides 

with the first LBP update based on market transactions and the data ends in 2017 

which covers the most recent land transactions. Moreover, the period of 2002 – 2007 

covers two LBP updates which enables this research to examine the influence of LBP 

updates on urban land valuation accuracy.  

In total, 2,010 transactions are initially collected covering all sectors in residential, 

commercial, industrial and mixed-use land in Beijing. However, not all this data is able 

to be directly employed for the empirical analysis because data cleansing forms a 

fundamental part of the empirical analysis. As Reaves (1992) suggests, it is important 

for researchers to identify and remove the specific samples from the database which 

are incomplete, inconsistent or duplicated. According to Rana et al. (2016), missing or 

invalid data creates difficulties in data representation and hence increases the risk of 

unreliable and invalid outcomes. In addition, Seo (2006) argues that outliers can have 

a negative effect on regression analysis based on distribution assumptions. In this 

sense, data cleansing commences by first removing the mixed-use land transactions 

from the samples due to being unable to obtain the breakdown percentage of land use 

in each parcel, which creates difficulties for the author to appraise land by using the 

LBP method. Among the single-use land, transactions with incomplete data, such as 

missing transaction dates, land location, land area or transaction price, were also 

removed. Furthermore, the outlier observations with a transaction price that deviates 

significantly from the average were eliminated. Based on International Association of  

Assessing Officers (IAAO) standards, a data point that is more than 1.5 Interquartile 

Ranges (IQRs) below the first quartile or above the third quartile in the box-and-

whisker plot is suggested as an outlier (IAAO, 2013). Such a 1.5 multiplier benchmark 

is also commonly adopted by researchers to remove outliers (see Chawsheen, 2006; 

Seo, 2006; Dawson, 2011; Kim and Kim, 2016). Using the same method, 252, 458 
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and 676 transactions are finalised in residential, commercial and industrial market 

respectively, which are employed in the later empirical stage.  

The Land Benchmark Price data is sourced from the Municipal Bureau of Land and 

Resources in Beijing. Included in the LBP is the LBP manual instructing the average 

LBP in each land grade, the geographical scope of each land grade, the LBP equation 

(section 2.5.1) for valuer’s appraisal adjustment, the variables to be adjusted and their 

associated coefficients. The update frequency depends on the local government, 

although the central Ministry of Land and Resources suggests updating the LBP every 

three years (MLR, 2011). In practice, Beijing has updated the LBP three times in 1994, 

2002 and 2014, with an average of ten years’ gap in between.  

Moreover, the land price index (GOVI) is sourced from the official website of the China 

Urban Land Price Dynamic Monitor to enable an appraisal date adjustment for LBP to 

reflect average land guide price in each year (section 4.6.1). Given the fact that LBP 

was only restructured in 2002 and 2014 respectively, LBP can be adjusted by using 

the government-published land price index, according to the manual. Glennon et al. 

(2018) justifies the use of price indices is one of the most frequently utilised methods 

to evaluate individual properties by updating the previous sale prices to current 

estimated value. This government-published land price index is updated every year, 

which enables the LBP to track the market movement, albeit the latter is not updated 

on a regular basis.  

4.5.3. Socio - Economic Data 

The economic data was sourced as the explanatory variables in the OLS model 

construction to examine the valuation differentials between LBP estimates and urban 

land transaction price (section 5.4 and 5.5), which are accessed from the National 

Bureau of Statistics. The economic variables include population, GDP, urban fixed-

asset investment, FDI in real estate, and interest rate. The selection of the variables 

is based on the literature review (section 2.5). Specifically, population and GDP are 

widely and repeatedly employed by the scholars (see Henderson, 2009; Diaz and 

Hansz, 2010; Lin and Yi, 2011; Zheng et al, 2014; Abidoye and Chan, 2016; Das et al, 

2018) as proxies for the demographic and economic drivers behind urban 

development. It is assumed that the indicators to measure the development process 
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would also be of key importance in explaining land valuation differentials, as the 

demographic and economic activity influence the valuer’s perspective in assessing 

land value. Urban fixed-asset investment is employed to represent the domestic 

investment in Beijing, whereas FDI in real estate is used to measure the capital inflows 

from outside China. The investment indicators are chosen given the close relationship 

between the investment and development markets, and hence, their potential 

influence on vacant land valuation. Finally, the interest rate is selected to represent 

the developer’s response to wider economic environment.  

4.5.4.  Locational Data 

As location plays a significant role in real estate (section 3.3.2), locational factors such 

as distance to the CBD, the nearest railway station, subway station, quality high 

schools and universities are examined. Particular attention is emphasised on these 

locational variables in the spatial analysis (section 7.3) to capture the difference of 

geographical distributions between LBP estimates and urban land transaction price. 

Distance to the CBD is used to test the importance of the CBD in impacting land 

valuation as well as transaction price.  Railway station and subway stations are 

selected to highlight the service provision of public transportation; whereas high 

schools and universities represents educational services. Moreover, according to the 

Beijing Municipal Government, the CBD is located in the central area in Chaoyang 

District (Figure 4.2) surrounding the China World Trade Centre, hence, this is used as 

the point to indicate CBD in this thesis.  

In this research, locational factors are calculated by the author’s own analysis. 

Specifically, the coordinates of each land transaction and the distance to the nearest 

CBD and railway station are calculated. Based on Mwemezi and Huang (2011) work 

on the calculation of spherical surfaces by using longitude and latitude, the distance 

between each land transaction and identified locational indicators is calculated as 

follows: 

𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒𝐴𝐵 = 𝑟 ∗ arccos[𝑐𝑜𝑠𝛽1𝑐𝑜𝑠𝛽2 cos(𝛼1𝛼2) + 𝑠𝑖𝑛𝛽1𝑠𝑖𝑛𝛽2] 

Where 𝑟 = 6,371 * 103 meters, which denotes the radius of the earth; (𝛼1,𝛽1) and 

(𝛼2,𝛽2) are the coordinates of location A and B.  
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Figure 4.2 Administrative Divisions and CBD in Beijing 

 

4.6. Empirical Stage 

According to Walliman (2006), analytical methods are preferred by researchers for the 

purpose of quantitative measurement, statistical comparison, relationship 

examinations and forecasting. The design of empirical experiments is often associated 

with the type of data required, the level of reliability of the data required, and the 

practical matters associated with the problem under investigation (Walliman, 2006). 

The analytical method based on secondary data is referred to as secondary analysis. 

As Hakim (1982, p1) defines, “secondary analysis is any analysis of an existing 

dataset which presents interpretation, conclusions, or knowledge additional to or 

different from, those presented in the first report on the inquiry as a whole and its main 

results”. Thomas (1996) argues secondary analysis further brings new knowledge 

through re-analysis and further analysis, by indicating that many of the major surveys 

are increasingly designed with a range of other users in mind, instead of those of the 

originators. Moreover, Burton (2000) notes that secondary analysis is not just limited 

to field surveys but could also be used in wider data analysis such as for official records, 
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which are free-standing as well as documented to allow them to be open to secondary 

analysis.  

This thesis is primarily based on secondary analysis because the data analysed is 

largely secondary statistics collected from official datasets. In order to shape and 

develop a model framework for valuation accuracy assessment, different modelling 

techniques are employed by reviewing the previous methods. The following sub-

sections, consequently, review and evaluate different models to justify the adopted 

approaches for this research.  

4.6.1.  Phase 1 – Margin of error identification by LBP 

The first phase of the empirical stage is to measure and identify the margin of error 

using the LBP method and capture the variables that contributed to the valuation 

discrepancy between LBP estimates and market transaction price. Phase 1 of the data 

analysis achieves objective 3 (section 1.3). Three sequential steps are designed to 

guide Phase 1 (Figure 4.3).  

 

Figure 4.3 Sequential Steps for Phase 1  

 

 

 

 

 

 

 

 

 

Appraise land estimates by LBP method in three sectors;  

Calculate and compare margin of error in three sectors   

Compare and contrast correlation analysis in three 
sectors 

Compare and contrast dynamics underpinning the 

valuation discrepancy in three sectors by OLS method  

Step 1 

Step 2 

Step 3 
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4.6.1.1. Step 1: LBP Appraisal and MoE Identification  

This research is unable to collect the land appraisals conducted by the LBP method 

from the practising valuers due to data limitations and the sheer volume of transactions 

across multiple different valuation companies. To overcome this data shortage and 

enable the valuation accuracy to be calculated, the land estimations by the LBP 

method is carried out by the author by employing the equations in Table 2.6 (section 

2.5.1). Brown (1986) suggests that valuations prepared by different companies are 

able to substitute for each other if the valuers have the same set of information. Based 

on Brown (1986), this research assumes that the valuation conducted by the author is 

able to substitute practising valuers given the same databases, same LBP valuation 

method and the coefficient adjustments recommended in the local manuals are 

followed in the valuation. Although the valuation can be interpreted differently given 

valuer judgement, there should be a high degree of correlation at the portfolio level. 

Specifically, the valuation procedure carried by the author was guided as follows: 

• Appraisal Date Adjustment (applied in both 2002 and 2014 LBP) 

Given the fact that LBP was only restructured in 2002 and 2014 respectively, a further 

LBP adjustment was needed to enable it to reflect the average land guide price in each 

year. According to the manual, LBP can be adjusted by using the government-

published land price index, as shown in Equation 4.1. The appraisal date adjustment 

instructed by the manual allows unified appraisal results in the first step.  

 

𝐿𝐵𝑃𝑚 = 𝐿𝐵𝑃𝑛 ∗
𝐿𝑃𝐼𝑚

𝐿𝑃𝐼𝑛
                                                                 4.1 

Where, 

𝐿𝐵𝑃𝑚 = adjusted Land Benchmark Price in year m; 

𝐿𝐵𝑃𝑛 = Land Benchmark Price updated by the government in year n (instructed by the 

government); 

𝐿𝑃𝐼𝑚 = Land Price Index in year m (instructed by the government); 

𝐿𝑃𝐼𝑛 = Land Price Index in year n (instructed by the government). 
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• LURs Remaining Period Adjustment (applied in both 2002 and 2014 LBP) 

Theoretically, LURs remaining period needs to be adjusted to reflect the depreciation 

costs of LURs. However, this step is not taken into consideration in the valuation given 

that the land being valued has not been developed yet and therefore they would gain 

a full period of LURs.  

• Influencing Factors Adjustment (applied in both 2002 and 2014 LBP) 

The influencing factors adjustment is the only adjustment that practising valuers can 

objectively modify based on their personal experience and the geographical location 

(Equation 4.2). However, the coefficients applied cannot exceed to certain degrees 

depending on the land grade and land use, as it is displayed in Table 4.4. To minimise 

the valuation inaccuracy caused by the proxy applied, this thesis estimated two 

appraisals for each land plot, one with the lowest proxy and one with the highest, to 

test the sensitivity of land appraisal in response to the different proxy applied. The final 

OLS estimate to investigate variables contributing to valuation differentials is 

represented by the average of the two appraisal estimates.  

 

𝐴𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙𝑓𝑜𝑟𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑖𝑛𝑔𝑓𝑎𝑐𝑡𝑜𝑟𝑠𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 = 𝐿𝐵𝑃𝑚 ∗ (1 + 𝐶𝐼𝐹)                4.2 

 

Where, 

 𝐶𝐼𝐹  = Coefficient adjustments for the influencing factors including the aggregation 

extent of surrounding developments, location accessibility, the compatibility with the 

surroundings, the shape of the plot, infrastructure development and the environment 

(section 2.5.1) (can be subjectively adjusted by the valuer within certain percentage). 
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Table 4.4 Ranges of Coefficient Adjustments for 𝐶𝐼𝐹 in 2002 and 2014 LBP 

 

• FAR Adjustment (applied in both 2002 and 2014 LBP)  

According to the manual, FAR is adjusted accordingly in different sectors. For 

residential and commercial market, a coefficient table of FAR adjustment factor 

created by the government is applied in both 2002 and 2014 LBP. For industrial sector, 

FAR is only adjusted when it is smaller than 1 in 2002 for industrial land. In contrast, 

in the 2014 version of the LBP manual every FAR needs to be adjusted based 

Equation 4.3. 

 

𝐴𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙𝑓𝑜𝑟𝐹𝐴𝑅𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 =

{
 

 
𝐿𝐵𝑃𝑚 𝐹𝐴𝑅⁄ , 𝐹𝐴𝑅 < 1(2002𝐿𝐵𝑃𝑓𝑜𝑟𝑖𝑛𝑑)

𝐿𝐵𝑃𝑚 ∗ 𝐶𝐹𝐴𝑅(2014𝐿𝐵𝑃𝑓𝑜𝑟𝑖𝑛𝑑)

𝐿𝐵𝑃𝑚 ∗ 𝐶𝐹𝐴𝑅(2002𝑎𝑛𝑑2014𝐿𝐵𝑃
𝑓𝑜𝑟𝑟𝑒𝑠𝑎𝑛𝑑𝑐𝑜𝑚𝑚)

 

              4.3 

Where, 𝐶𝐹𝐴𝑅 = Coefficient adjustments for FAR (instructed by the government); 

 

 
15 Except for the industrial zones, which cannot exceed ±5%. 

Lan. 
Gr. 

𝐶𝐼𝐹 range 
(2002 – 2013) 

 𝐶𝐼𝐹 range 
(2014 – 2017) 

Commercial Residential Industrial   Commercial Residential Industrial15 

1 -15% - +15% -20% - +20% -10% - +10%  ±10% ±9.8% ±10% 

2 -15% - +15% -21% - +21% -10% - +10%  ±10% ±10% ±10% 

3 -15% - +15% -15% - +25% -20% - +20%  ±10% ±10% ±10% 

4 -15% - +15% -17% - +26% -24% - +24%  ±10% ±10% ±10% 

5 -20% - +20% -30% - +30% -25% - +24%  ±10% ±10% ±10% 

6 -20% - +18% -26% - +26% -20% - +20%  ±13% ±13% ±13% 

7 -25% - +25% -27% - +26% -23% - +23%  ±14% ±13% ±13% 

8 -38% - +37% -33% - +33% -26% - +26%  ±15% ±15% ±15% 

9 -38% - +35% -36% - -32% -  ±15% ±15% ±15% 

10 -30% - +30% -30% - +30% -  ±15% ±15% ±15% 

11 - - -  ±15% ±15% ±15% 

12 - - -  ±15% ±15% ±15% 
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• Land Use Adjustment (only applied in 2014 LBP) 

Land use adjustment was only instructed in 2014 to enable land to be assessed in 

sub-categories. For example, commercial is further categorised into land use for retail, 

hotel and restaurant, financial and banking, with different coefficients applied 

respectively to differential land types into sub-categories, as shown in Table 4.5. 

Table 4.5 Coefficient Adjustments for Land Use in 2014 LBP 

Land Sector  Sub-categories  Coefficient  

Residential  
With FAR ≥ 1 1 

With FAR < 1 1.5 

Commercial  

Retail 1 

Hotel and restaurant  0.9 

Financial and banking  1.1 

Others (such as barbershop, 
clubs, cinema, etc.) 

0.8 

Funeral  0.5 

Industrial  
Industrial  1 

Warehouse  1.5 

 

After the calculation of land appraisals by the LBP method, the valuation accuracy 

(margin of error) is examined by looking at the differentials between land appraisals 

(calculated by author) and land transaction price (collected from the government 

website). The formula is shown below.  

Valuationdifferentials =
appraisalestimates−transactionprices

transactionprices
× 100%            4.4 

 

4.6.1.2. Step 2: Correlation Analysis 

Correlation analysis is one of the most significant diagnostic steps, which detects the 

presence of highly correlated explanatory variables in the regression model. The 

unawareness of multi-collinearity in Multiple Regression Analysis (MRA) can 

potentially lead to adverse impacts , such as the interpretation concerns in parameter 

estimates, standard errors as well as the associated t-test probabilities due to the 

potential collinearity effect (Mason and Perreault, 1991), although Vatcheva et al (2016) 

note that the overall fit of the model would not be affected. Given this research aims 
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to draw conclusions about individual explanatory variables, with specific attention on 

the regression coefficients, correlation analysis of independent variables is considered 

an important procedure before the modelling construction. 

The rationale of the correlation analysis in this study is to detect multicollinearity in the 

dataset, select the appropriate independent variables and obtain the best fit to explain 

the transaction price. The guidelines regarding the multi-collinearity effect varies 

significantly. According to Willis and Perlack (1978), the diagnostics of multi-

collinearity is rather a matter of degree instead of “existence”. The authors define a 

harmful multi-collinearity when the pairwise correlation exceeded (r =0.8), whereas 

Pallant (2016) deems a less strict threshold of (r =0.9). In contrast, Vatcheva et al. 

(2016) indicate a practical cut-off of a strong correlation at (r =0.7) and variables with 

coefficient (r ≤0.3) are considered to have a weak correlation. To add further diversity 

for the detection, Klein (1962) suggests a harmful multi-collinearity appears when the 

coefficients of correlation are equal or greater than the R2 value. On the other hand, 

researchers (O'Brien, 2007; Distler, 2016) also indicate a practical experience of multi-

collinearity correlation cut-off using Variance Inflation Factors (VIFs) exceeding 10. 

This research follows the benchmark suggested by Willis and Perlack (1978) with a 

threshold of coefficients at (r =0.8) to be considered to identify the presence of multi-

collinearity. The figure is adopted as a compromise as a mid-point between what 

scholars proposed through (r =0.7) to (r =0.9). In addition, those variables with VIFs 

exceeding 10 are taken into consideration the strengthen the robustness of the 

analysis.  

4.6.1.3. Step 3: OLS Analysis  

Multiple regression analysis is a statistical method to numerically examine the strength 

of a relationship between a dependent variable and independent variables. The 

econometric modelling regarding real estate prices is considered as an important step 

in the valuation process. Over the past couple of decades, real estate valuation has 

evolved from empirical judgements to sophisticated automated valuation models, and 

the application has altered from single valuation tasks to mass valuation assignments 

(Clapp, 2003). In the existing literature review, multiple regression analysis in the 

simplest form of OLS has been widely employed among the researchers to quantify 

the land price compositions (Ding and Knaap, 2001; Li, 2009; Qin et al., 2016). 
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To capture the variables that give rise to the valuation bias, the model employed in 

this research follows the structure advocated by McGreal and Taltavull (2012), who 

tried to conceptualise the valuation process by using the standardised value of 

variables (Equation 4.5). In following their concept, this thesis employs the difference 

between LBP appraisals and actual market transaction price (i.e. Δ𝑉 ) as the 

dependent variable, rather than the single property or land transaction price as largely 

used in the current literature review. In doing so, the OLS results are able to directly 

reflect the variables and dynamics underpinning the valuation differentials.  

Δ𝑉 = 𝛼𝑖 + 𝛽𝑙𝑛𝑋𝑖 + 𝜀𝑖 =
𝐿𝐵𝑃𝑎𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙−𝐿𝑎𝑛𝑑𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑃𝑟𝑖𝑐𝑒

𝐿𝑎𝑛𝑑𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑃𝑟𝑖𝑐𝑒
            4.5 

4.6.2. Phase 2 – Time series analysis of LBP 

A key contribution of the time series analysis is to provide a better understanding of 

the inter-dependency between land transaction price, LBP estimates, and the 

government released land price index, over time in each sector. By applying the 

appropriate modelling techniques, Phase 2 of the empirical stage achieves objective 

4. Similar to Phase 1, three sequential steps are designed to guide the time series 

analysis (Figure 4.4). 

 

Figure 4.4 Sequential Steps for Phase 2  

 

 

 

 

 

 

 

Construct and compare land price index based on land 
transaction price, LBP estimates and land price index in 
three sectors; 

Compare and contrast long-term cointegration and short-
term dynamics in three sectors; 

Compare and contrast Granger causality of three indices 
in three sectors  

Step 4 

Step 5 

Step 6 
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4.6.2.1. Step 4: Land Price Index Construction 

The approaches employed to estimate a land price index, as commonly agreed by the 

scholars, need to take locational heterogeneity into consideration (Nagaraja et al., 

2014; Can and Megbolugbe, 1997). Despite the consensus in theory, there is a variety 

of techniques cited to construct a price index in practice. Three conventional methods 

have been frequently identified to construct a real estate price index, namely the mean 

value indexing method, the regression-based approach (such as hedonic techniques) 

and the repeat-sales approach. 

The mean value indexing method is based on a stochastic approach where an 

unweighted mean is calculated for each time period (Mark and Goldberg, 1984). The 

series of mean prices are developed into an index by taking the ratio for each period 

compared to the base mean price (Equation 4.6). 

𝐿𝑎𝑛𝑑𝑃𝑟𝑖𝑐𝑒𝐼𝑛𝑑𝑒𝑥 = 1 +
𝜇𝑛−𝜇1

𝜇1
                                      4.6 

Where 𝜇𝑛 (𝑛= 1,2,3…) is the mean price per square metre in each month/quarter/year. 

While the mean value method is considered as a simple approach in index 

construction, one key weakness lies in that the attributes cannot be controlled. For 

example, Wong et al. (2018) contend that the method cannot ensure constant quality 

because properties sold in one period can be different from those in another. However, 

Peek and Wilcox (1991) justify that the mean value method can reflect the shifts in 

prices, given the change in financial costs would be expected to be reflected by the 

average transaction price change in the properties. In addition, this approach has been 

applied in mature markets, with use by the National Association of Realtors in America 

(Taltavull and McGreal, 2019). Therefore, despite being a simple concept, changes in 

the appreciation and depreciation of land prices can be captured by the average 

difference using the mean value indexing method.  

Regression-based approaches such as the hedonic technique and the repeat-sales 

approach overcome the pitfall of the mean value method, as they are able to control 

the price-quality by controlling the influencing attributes (Equation 4.7). The land price 

index is estimated by taking the exponential form of the parameters for time dummy 



 
108 

 

variables (Clapp, 1990). However, no matter how many controls are set, it is 

impossible to count for all of the characteristics. In addition, another challenge of such 

regression-based methods is the extensive dataset required.  

𝑙𝑛𝑃 = 𝛼𝑋 + 𝛽𝑇 + 𝜀                                                   4.7 

Where 𝑙𝑛𝑃 is the log form of land transaction price per square metre; 𝑋 denotes the 

explanatory variables; 𝑇 is binary time variables;  𝜀 denotes error term.  

In this thesis, monthly land price indexes are constructed using the mean value 

indexing method based on both LBP valuation estimates and actual market transaction 

price16. The following reasons are given. Firstly, insufficient data on vacant land 

transactions in each sector does not allow production of a monthly price index via the 

hedonic method. Vacant land transactions are not abundant especially in a relatively 

developed city like Beijing where land resources released by the government are 

under tighter control. If the hedonic approach was used to produce a quarterly price 

index, it would have inadequate observations in time series for further analysis. That 

is, a quarterly index for commercial land market from 2002 to 2017 only results a 

sample size of 32 observations for time series analysis, with 30 observations (2003 – 

2017) in residential and 20 (2008 – 2017) in industrial land. These observations are 

evidently not enough for later time series models, which can potentially lead to a 

spurious result due to the limited sample size. The repeat-sales approach, on the other 

hand, requires land/properties to be sold repeatedly overtime (Fernandez et al., 2018). 

This thesis looks at the vacant land transactions which are only transferred once from 

government to developers in the primary market, and therefore the repeat-sales 

method does not apply. Given the obstacles of using regression-based methods to 

construct a land price index, this thesis utilises the mean value indexing method. In 

addition, Gatzlaff and Ling (1994) empirically compare the reliability of price index 

construction using the mean value method, hedonic and repeat sales approach. The 

findings show that hedonic price model seems less feasible in obtaining a price index 

at a local level due to a large amount of data required. Likewise, the repeat sales 

method also proves inefficient to implement the land price index, given that lots of data 

are eliminated from the sample where the transactions are only made once; while the 

 
16 See Appendix 1 – 3  
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mean value method “somewhat surprisingly” showed a relatively strong performance 

compared to the other methods.  

As a result, this thesis adopts the simple but robust mean value method for land price 

index construction, given that the objective of this chapter is to explore whether the 

transaction price is influenced by the LBP system in a finite sample size, rather than 

evaluating the performance of the indexing methods. Adopting the mean value 

indexing method helps enrich the observations by generating a monthly price index, 

which sets up a solid foundation for the later unit root and co-integration tests. 

According to the study conducted by Arltova and Fedorova (2016) who test the unit 

root based on the time series length of t = 25, 50, 100 and 500, the power of unit root 

test increased with the growth length of time series. Hence, this monthly index 

constructed by the average value method helps gain confidence in an appropriate 

sample size for the time-series analysis17, where a total of 134 observations are 

captured in commercial index, 97 in residential and 90 in industrial respectively, which 

helped. 

4.6.2.2. Step 5: Approaches to Time Series Model Building 

The rationale to investigate the inter-dependency came from Engle and Granger (1987) 

who propose the concept of co-integration to describe the long-run equilibrium 

relationship between variables. That is, if a system of variables is co-integrated, these 

variables are tied together in a long-run equilibrium relationship despite short-term drift 

from each other. As suggested by Brooks and Tsolacos (2010), it is often expected in 

the real estate market that some variables may hold some long-run relationships with 

one another. Therefore, using this concept, it is possible to test whether the market 

transaction price index is co-integrated with LBP index and the government-published 

land price index.   

Having established the land price indexes, the selection of time series modelling 

techniques for the long-term co-integration analysis requires a pre-diagnostic test of 

unit roots, to determine whether the variables are stationary. Brooks (2008) cautions 

 
17 Due to the data limitation of the number of land transactions, this thesis could either produce a 

quarterly land price index by hedonic method, or a monthly land price index by mean value method, the 

latter of which was chosen to increase the observations for time-series analysis.  
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that the presence of stationary variables of a series can “strongly influence its 

behaviour and properties”, and the use of non-stationary data can, therefore, lead to 

spurious regressions with a misleading significant coefficient estimate and a high R2 

value. 

In this thesis, unit root tests are carried out to verify the order of integration in each 

time series variable by a conventional method of augmented Dickey-Fuller (ADF). The 

null hypothesis of ADF assumes there is a unit root. The failure to reject the null 

hypothesis of unit root is the pre-condition to conduct a co-integration test (Sirmans 

and Slade, 2012). As Wooldridge (2006) alters, such a test needs to be applied with 

caution, because the t-statistics are not distributed normally in unit root tests. In other 

words, the p-value provided in the tests does not provide information of significance. 

Instead, the t-statistics of the coefficient at 𝑦𝑡−1 should be compared against the critical 

values tabulated by Dickey-Fuller. To reject the null hypothesis, the absolute value of 

t-Statistics from ADF should be larger than the critical value.  

Having examined the stationarity, it is of interest to test the evidence whether all the 

three indexes are integrated or stay segmented, i.e. to investigate the inter-

dependency between each other. The most popular multivariate co-integration 

modelling techniques can be narrowed down to vector autoregressive (VAR), vector 

error correction model (VECM) and autoregressive distributed lag (ARDL) model. 

These methods allow the researcher to discern long-run patterns in co-integrated 

relationships of more than one co-integrating vector. One of the key preconditions to 

select between VAR, VECM and ARDL depends on the order of integration in the time 

series variables and whether they are co-integrated.  

Sims (1980) proposes use of the VAR model where the current value (t) of each of the 

time series variables (i.e. yt and xt) depends on the combinations of its own lagged 

values (i.e. m lags), the lagged values of other time series variables and an error term 

(Equation 4.6). In this way, each variable is specified as endogenous, leaving 

researcher discretion to classify the variables (Brooks and Tsolacos, 2010).  This is in 

contrast to the conventional OLS regression, which treats all the variables into two 

strict groups namely, independent and dependent. As a result, the application of 

traditional regression of OLS may lead to spurious results because in real estate 

market, each variable interacts with its own lagged values as well as other variables, 
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which makes it impossible to distinguish independent and dependent variables. VAR, 

on the other hand, overcomes the problem by grouping all the variables equally. In 

addition, Liu et al. (2016) advocate VAR is broadly applied in financial and real estate 

asset analysis, as the technique captures the rich dynamic relationships among the 

variables that may provide valuable insights on policy analysis.   

 

{

𝑦𝑡 = 𝛽0 + 𝛽1𝑦𝑡−1 +⋯+ 𝛽𝑚𝑦𝑡−𝑚 + 𝛼1𝑥𝑡−1 +⋯+ 𝛼𝑚𝑥𝑡−𝑚 + 𝜇𝑡

𝑥𝑡 = 𝛽0 + 𝛽1𝑥𝑡−1 +⋯+ 𝛽𝑚𝑥𝑡−𝑚 + 𝛼1𝑦𝑡−1 +⋯+ 𝛼𝑚𝑦𝑡−𝑚 + 𝜇𝑡

                4.6 

 

Suharsono et al. (2017) cautions two conditions are needed to set up a VAR, that is, 

the time series have to be stationary (denoted as I(0)) and the error terms need to be 

normal and independent. However, many time series are non-stationary. As 

suggested by Brooks and Tsolacos (2010), the purpose of a VAR model is to examine 

the relationship between the variables and the differencing process in the model can 

possibly ignore important relationships between the variables at levels. Running a 

model with a non-stationary time series can consequently, result in a spurious 

regression as the coefficients, as well as the estimated p-values, will be biased. Indeed, 

as indicated by Sims (1980), the VAR model can be estimated in levels of non-

stationary variables, provided the researcher’s interest is in the nature of relationships 

between variables and not the parameter estimates themselves.  

Compared to a VAR, VECM further adds first-differenced and lagged levels of co-

integrated variables to overcome the problem of non-stationarity in the time series 

(Equation 4.7), which enables the study of both short-run and long-run relationships. 

The Error Correction Term ( 𝑦𝑡−𝑡 − 𝛾0 − 𝛾1𝑥𝑡−1 ) is interpreted as the long-run 

equilibrium relationship. However, the restrictive use of VECM applies when all the 

time series only become stationary after one difference process (Brooks and Tsolacos, 

2010), which represents the first order of integration in the time series variables, 

denoting as I(1). 
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{
 
 

 
 
Δy𝑡 = 𝛽0 + 𝛽1Δy𝑡−1 +⋯+ 𝛽𝑚Δ𝑦𝑡−𝑚 + 𝛼1Δ𝑥𝑡−1 +⋯+ 𝛼𝑚Δ𝑥𝑡−𝑚

−𝜆(𝑦𝑡−1 − 𝛾0 − 𝛾1𝑥𝑡−1) + 𝜇𝑡

Δx𝑡 = 𝛽0 + 𝛽1Δx𝑡−1 +⋯+ 𝛽𝑚Δ𝑥𝑡−𝑚 + 𝛼1Δ𝑦𝑡−1 +⋯+ 𝛼𝑚Δ𝑦𝑡−𝑚
−𝜆(𝑥𝑡−1 − 𝛾0 − 𝛾1𝑦𝑡−1) + 𝜇𝑡

             4.7 

 

Pesaran and Shin (1998) further propose the ARDL model (Equation 4.8) to fit the 

underlying regressors that are mixed with either I(1) or I(0). The differences between 

an ARDL and an ECM model is that the former replaces the error correction term with 

the terms of 𝑥𝑡−1  and 𝑦𝑡−1  without restricting their coefficients (Schmidt, 2018). In 

other words, the ARDL model can be considered as a form of unrestricted ECM, given 

the long-run co-integrating terms are specified and not restricted. As Pesaran et al 

(2001) propose, ARDL has desirable properties to suit small sample sizes and provide 

unbiased long-run estimations. Furthermore, different lag terms can be assigned to 

different variables (i.e. m and n lags respectively for each variable). The ARDL model 

is preferentially considered in this thesis in part due to the small sample size when 

both ARDL and VECM approaches are feasible for long-run equilibrium detection. A 

dynamic error correction model (ECM) is then derived from ARDL to investigate the 

short-run dynamics in ARDL model. The decision process for model selection of time 

series is summarised in Figure 4.5. 

 

{
 
 

 
 
Δy𝑡 = 𝛽0 + 𝛽1Δy𝑡−1 +⋯+ 𝛽𝑚Δ𝑦𝑡−𝑚 + 𝛼1Δ𝑥𝑡−1 +⋯+ 𝛼𝑛Δ𝑥𝑡−𝑛

+𝛾1𝑥𝑡−1 + 𝛾2𝑦𝑡−1 + 𝜇𝑡

Δx𝑡 = 𝛽0 + 𝛽1Δx𝑡−1 +⋯+ 𝛽𝑚Δ𝑥𝑡−𝑚 + 𝛼1Δ𝑦𝑡−1 +⋯+ 𝛼𝑛Δ𝑦𝑡−𝑛
+𝛾1𝑥𝑡−1 + 𝛾2𝑦𝑡−1 + 𝜇𝑡

              4.8 
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Figure 4.5 Model Selection for Time Series Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.6.2.3. Step 6: Granger Causality Analysis  

Although the above temporal analysis is carried out to deal with the dependence of 

one variable on other variables, it does not necessarily imply the direction of causation 

between variables of interest. The direction of the short-term causality between market 

transaction price, the LBP estimates and government land price index (GOVI) is 

therefore tested by the Granger Causality technique.    

The Granger-causality test is established by Granger (1969) to investigate the 

causality relationship between the variables in the time series on the notion of the past 
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value may influence the future but not vice versa. Three types of causality are identified 

as follows: 

• Unidirectional causality, where x causes y;  

• Bi-directional causality, where x causes y and y causes x; 

• Independence, where there is no causality between x and y. 

The null hypothesis (H0) of the pairwise Granger Causality test on the direction of 

causality assumes there is no Granger-causality, against the alternative H1: null 

hypothesis is not true. H0 is rejected if the p-value of the F-statistics is ≤ 0.05.  

4.6.3. Phase 3 – Spatial analysis of LBP 

Finally, the last phase of the empirical stage is to measure and identify the spatial 

distribution between LBP estimates and the land transaction price (LTP), to examine 

the influencing locational variables by the LBP method as well as re-define the 

homogenous areas for LBP method. Phase 3 of the data analysis achieved objective 

5. As reviewed in section 3.2.2, spatial econometrics including Spatial Lag Model 

(SLM), Spatial Error Model (SEM) and Geographically Weighted Regression (GWR) 

are commonly employed by the scholars to take spatial effects of spatial dependency 

and spatial heterogeneity into consideration. The rationale behind each model and 

justification of the selection of GWR model is explained in Figure 4.6.  

Figure 4.6 Sequential Steps for Phase 3  

 

 

 

 

 

 

 

Compare and contrast spatial indicators of LTP in three 
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Compare and contrast spatial distribution of LTP in three 
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Compare and contrast differences underpinning the 
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According to Anselin (1988), autoregressive models of SLM and SEM address spatial 

autocorrelation with the help of an autoregressive coefficient (𝜌) and a spatial weights 

matrix (𝑊 ). Specifically, SLM incorporates the spatial matrix into the dependent 

variable (Equation 4.9), assuming that spatial dependence in area 𝑦𝑖 is explained by 

the explanatory variables in the area 𝑥𝑖  (direct effects), as well as the dependent 

variable of the neighbouring area 𝑦𝑗 (indirect effects).  

𝑦 = 𝑋𝛽 + 𝜌𝑊𝑦 + 𝜀                                                   4.9 

Anselin (2003) describes the focus of SLM is to assess the existence and strength of 

spatial interaction between observations, as the parameter 𝜌  measures the 

dependency between observation 𝑦𝑖 and 𝑦𝑗. Can (1990) points out that the spatially 

lagged dependent variable, 𝜌𝑊𝑦, is used to simulate the actual valuation practice 

where the valuers assess a subject property based on nearby houses. Consequently, 

the absence of spatial lag 𝑊𝑦 in OLS would erroneously lead to a biased and invalid 

estimation of coefficients. Conway et al. (2010) develop a Spatial Lag Model to capture 

the contribution of urban green space on residential housing price. The findings show 

that SLM improves OLS results by dealing with spatial autocorrelation, evidenced by 

a significant spatial lag term and that the neighbourhood green space at the immediate 

vicinity has a significant impact on the housing prices. Quintos (2013) creates 

locational-based baseline values and adjustment factors in property assessment 

models by SLM technique. Similar conclusions are drawn, that SLM outperforms OLS 

with an increased adjusted-R2 and decreased the coefficient of dispersion obtained in 

the former.  

In contrast to SLM, a Spatial Error Model assumes that the errors in the model are 

spatially correlated. According to Anselin (1988), if the unobserved variables are 

correlated within independent variables in the regression, the spatial error dependence 

will be present, leading to inefficient estimators. The dependent variable of SEM in 

area 𝑦𝑖 is, therefore, explained by its own explanatory variables of the same area (𝑥𝑖) 

and unexplained residuals which are associated with the residuals of neighbouring 

areas (Equation 4.10). 
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𝑦 = 𝑋𝛽 + 𝜇,   

𝜇 = 𝜆𝑊𝜇 + 𝜀                                                   4.10 

In the opinion of Suriatini (2006), SEM addresses the issue of omitting explanatory 

variables, which leads to spatial autocorrelation in the error term. Dubin (1988) reflects 

that the geographical boundaries are often arbitrary to identify, hence measurement 

problems may occur to separate one neighbourhood from the other. Consequently, 

SEM focuses more on correcting the potentially biased influences of spatial 

autocorrelation resulting from the use of spatial data, instead of examining the 

presence of spatial interrelationships between different regions (Anselin, 2003). Zhang 

et al. (2015) develop a Spatial Error Model to improve the precision of valuation for 

commercial real estate by accounting for the omitted variables absent from mass 

appraisal. The finding shows a better result obtained in SEM reflected by a lower 

coefficient of dispersion.   

Unlike spatial autoregressive models of SEM and SLM, GWR serves as a more 

localised technique in terms of addressing the issue of spatial non-stationarity (Hu, 

2016). Specifically, it provides a changeable set of coefficients for every transaction 

data point where properties closer to the regression point receive a higher weight than 

the properties further away (Fotheringham et al., 2002). In this way, GWR calibrates 

regression parameters by weighting the locational distance between each transaction 

point through the data coordinates (Dziauddin and Idris, 2017). A summary on 

evaluating the application between OLS, SLM, SEM and GWR from existing studies 

is illustrated in Table 4.6.  
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Table 4.6 Summary of Model Selection for Spatial Data 

Author Purpose  Spatial Models Selection Comments 

OLS SLM SEM GWR 

Wilhelmsson 
(2002) 

Investigate the spatial 
relationship between 
the influencing factors 
and housing price 

√ √ √  OLS: explains less of variation in price than the spatial 
models do 
SLM & SEM: The results in terms of coefficients of 
variables and R2 are almost the same in both SLM and 
SEM model.  

Patton and 
McErlean 
(2003) 

Examine the spatial 
effect of agricultural 
land  

√ √ √  The consequences of ignoring spatial lag dependence 
are more severe than the consequences of ignoring 
spatial error dependence.  

Kim and Kim 
(2016) 

Estimate land values 
by using spatial 
statistics  

√ √ √  SEM model better considers spatial dependency and 
heterogeneity than OLS. According to IAAO regulation, 
SEM produces the best model. (Further research: GWR 
to evaluate spatial heterogeneity should be incorporated) 

Hui and 
Huang (2008) 

Inspect real estate 
impact factors  

√ √ √  SEM outperforms SLM by obtaining a better model fit as 
well as a higher log-likelihood 

Bidanset and 
Lombard 
(2014) 

Compare the 
performance of GWR 
and SLM regarding 
IAAO levels of 
uniformity and equity 
at aggregate and 
sub-aggregate 
geographic levels 

 √  √ GWR achieves a lower coefficient of dispersion than 
SLM, indicating a more uniform result.  

(Continued) 
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Table 4.6 (Continued) 

Author Purpose  Spatial Models Selection Comments 

OLS SLM SEM GWR 

Dimopoulos 
and Moulas 
(2016) 

Identify the critical 
factors affecting 
property values and 
create a forecasting 
market value tool for 
tax valuation 

√   √ OLS: good fit, good prediction accuracy 
GWR: able to create different local equations; able to 
create thematic map based on variables’ coefficients; 
does not require spatial data  

McCord et al. 
(2018) 

Investigate the spatial 
relationship between 
environmental health 
factors and housing 
price 

√  √ √ The three different techniques accounting for spatial 
effects present consistent results with each other.  
OLS: strong explanation, but fixed effects  
SLM: the highest level of overall explanation, but lack the 
essential ability to map the output 
GWR: yield more localised spatially varying coefficients, 
displaying substantial spatial variability over short 
distances. Provides more reliable predictions as well as a 
more accurate model at intra-urban levels. 
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This thesis employed GWR for the spatial analysis, given the spatial variation analysis 

of LBP has significant importance in terms of improving valuation accuracy, as well as 

land grade management. As a mass valuation method, although LBP outlines the 

general physical circumstances and price guidance within a certain land grade, the 

method inevitably ignores the spatially varying relationships of the identified variables. 

The geographical homogenous LBP assumes the impact of location is uniform across 

the same land grade. This, however, can cause problems in valuation bias because 

the submarkets are often not divided based on land grade and the valuation 

benchmark can vary in terms of location even within the same land grade, let alone 

the confusion between two land grade borders. Building spatial variation into the mass 

appraisal of LBP, therefore, can address the problem of spatial non-stationarity in 

terms of allowing for spatial awareness of the distributions in the explanatory variables. 

The spatial regression of GWR identifies the locational differences rather than the 

similarities in each land grade. In this way, GWR provides an improved accuracy 

prediction by bringing up new homogenous areas based on the market transaction 

price, instead of land grade.  

4.7. Summary  

This chapter demonstrated the methodological framework to undertake the empirical 

phase of this study. The chapter outlined the research methods, research design, data 

collected, and the empirical data analysis techniques employed by the author. The 

thesis developed nine sequential steps of secondary analysis to guide empirical 

analysis. Specifically, in the first phase of empirical stage, three consecutive steps 

were identified covering margin of error identification by LBP method, correlation 

analysis to detect multi-collinearity and OLS analysis to examine the variables that 

enlarge the valuation differentials. In doing so, the thesis was able to first quantitively 

measure the valuation variation of LBP method and explore dynamics behind the 

valuation discrepancy.  

In the second phase of empirical stage, another three sequential steps were 

highlighted to guide the time-series analysis, including land price index construction18 

 
18 Land price indexes are developed based on market transaction price and LBP estimates to serve as 

the basis for later temporal analysis. The developed land indexes are different from government-
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using the mean value indexing method, inter-dependency analysis by ARDL method 

and Granger causality identification. In doing so, the thesis highlighted the market 

pricing mechanism of LBP, land transaction price, and the land price index published 

by the government and contributed to the existing knowledge by identifying the short-

term causality between three types of land prices. 

In the last empirical stage, a further three sequential steps were demonstrated to guide 

the spatial analysis, including comparison of the spatial distribution in market 

transaction price in each sector by GWR, comparisons of the spatial distribution in 

LBP estimates in each sector by GWR and comparison between the distribution 

differences between market transaction price and LBP estimates in each sector by 

GWR. In doing so, the thesis was able to first identify the locational variables 

influencing market transaction price but was overlooked by LBP. Furthermore, by 

illustrating spatial distribution, the thesis identified the homogenous area based on 

market transaction price instead of land grade.  

The incorporation of both economic and temporal-spatial effects into the LBP method 

to experimentally enhance the valuation accuracy by experimental design was the 

primary originality in this thesis. The next chapter (Chapter 5) focuses on the first 

phase of empirical stage in terms of the application of the methodological techniques 

in Beijing.  

 

 

  

 
published index as the latter focuses on the purpose to update LBP, with little rationale shown by the 

government on the construction of it.  
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Chapter 5 A Hedonic Modelling Analysis of 

Valuation Accuracy of LBP   
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5.1. Introduction  

The preceding chapter reviewed the research methods and outlined the 

methodological design for this thesis. To recapitulate, Beijing was chosen as the case 

study area to allow in-depth investigation, given its status as the political centre in 

China, which was expected to follow a much stricter supervision from the central 

government for the implementation of LBP (section 2.3.1 and section 2.5.3). In addition, 

Beijing had a relatively developed and transparent real estate market, with exposure 

of indicators coverage, which allowed the research to statistically analyse the LBP 

appraisal method. This chapter empirically investigates urban land valuation accuracy 

in Beijing based on assessments made using the LBP method. This chapter 

accomplishes the first phase of data analysis in the empirical stage, which provides 

an overview of valuation accuracy by using the LBP method in the residential, 

commercial and industrial land markets.  

The structure of this chapter is shown in Figure 5.1. Section 5.2 provides a market 

overview by presenting a descriptive analysis in each land sector. This is followed by 

the identification of margin of error between the observed transaction price and that 

assessed by the LBP method (section 5.3). Furthermore, this chapter explores the 

relationship between land transaction price and the explanatory variables 

accomplished by correlation analysis (section 5.4), which also helps detect the multi-

collinearity in the explanatory variables for later OLS analysis. Section 5.5 employs 

OLS regression to examine and compare the variables that gave rise to valuation 

differentials in each sector. Section 5.6 further conducts valuation accuracy with 

specific attention on industrial development zone due to its specific characteristic to 

be development in a clustered aggregation. Finally, section 5.7 summarises the 

chapter. 
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Figure 5.1 Structure of Chapter 5  
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5.2. Market Overview in Three Sectors  

This section summarised residential, commercial and industrial market data 

separately in terms of land transaction volumes and land transaction price per square 

metre in Beijing. The land information analysed by basic descriptive statistics exhibited 

an overview of the Beijing land market and its performance by identifying the key 

trends of the sample data from 2002 to 2017.  

5.2.1. Market Overview in Residential Market  

In terms of residential land, Figure 5.2 showed the combination of land transaction 

volumes as well as the land transaction price. The land transactions in the residential 

market displayed a fluctuating trend, evidenced by the soar in transaction volumes in 

the aftermath of sudden drops in the years 2005, 2009, 2012 and 2014 – 2016.  Yan 

et al. (2014) argued the decline in the amount of land availability for housing 

development was due to the government intervention in the land market which put 

downward pressure on the land supply. In addition, these pronounced declines in land 

supply elasticity were captured especially after the strengthened intervention in 

residential land markets by the government (Yan et al., 2014). Du et al. (2014) further 

justified that the reason behind the strengthened intervention and sudden change in 

land supply was as a result of local governmental land hoarding behaviour, which 

aimed to increase regional income from land (Section 2.2.4). He et al (2016) 

suggested that the local government tended to use their monopolised role as land 

supplier for regional competition for investment.  
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Figure 5.2 Residential Land Transaction Price and Volumes sold in Beijing (2003 -
2017) 

  

 

Land transaction price per building area19 instead of per land area was used and 

analysed in this thesis, as it was a prevalent measurement used in the Chinese real 

estate market among government, developers, valuers as well as LBP system, given 

that this measured the relationship between land price and building density (Zhang, 

2012). Regarding the land transaction price per building area, the line chart showed a 

fluctuated yet increasing trend from 2003 to 2011, from 1,400 RMB/m2 to 

approximately 5,500 RMB/m2. Following this, period of 2011 – 2016 witnessed an 

exponential growth in residential land prices with the peak resting at 27,501 RMB/m2 

in 2016, almost four times (398%) as much as the price in 2011. An indication of 

downturn in residential land price was observed in 2017, with a correction of 11% 

(24,556 RMB/m2).  

It can be seen by looking at transaction volumes and prices together (Figure 5.2) that 

the state monopoly on land supply rests on the suspicion that land supply by local 

government may not be responsive to land market price signals. Instead, land supply 

is more of a plan-led and policy-driven result, which is formatted every year based on 

the past trends and forecasts of future land use requirements. For example, with 

 
19  Land transaction price per building area is the total land transaction price divided by the total 

constructed building area 
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government efforts to restrict housing purchases and cool down residential market 

prices in 2013, a sharp decline in land supply was witnessed from 2014 – 2016 to 

respond to the policy. The rebound increase in 2017 was another reaction to the 

government policy to release the restriction. Furthermore, as endorsed in section 2.3, 

it is also suggested that such land supply can be driven by the demand for local 

government revenue increasement, by hoarding land.  

Figure 5.3 showed a mean residential land transaction price of 7,456 RMB/m2 and a 

median of 4,096 RMB/m2. The data displayed a price range of 40,212 RMB/m2, 

indicating a wide-spread in the distribution of land transaction price over the same 

period (2002 – 2017). The standard deviation (8,632 RMB/m2), which was greater than 

the mean value, emphasised the variability of the land price dispersion from the 

average price, confirming that the residential market illustrated a deep gradient with 

exponential increase in land price. Overall, despite the substantial increase obtained 

in the residential land price, the analysis showed that the most land transaction prices 

were still cluster to the left side. This abnormal probability can be attributed to the 

government interventions to control the surging land prices (section 2.3.2).   

 

Figure 5.3 Residential Land Transaction Price per Square Metre 

 

 

N = 252 
Mean = 7,456 
Median = 4,096 
Maximum = 40,320 
Minimum = 108 
Std. Dev. = 8,632 
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5.2.2. Market Overview in Commercial Market  

Figure 5.4 showed a combination of vacant land transaction volumes and average 

transaction price per square metre. The number of land transactions from the 

government to developers in the commercial market displayed a volatile long-term 

trend. The period from 2002 – 2011 showed an uneven increase in the transaction 

volumes from a low of 3 land transactions in 2002 to a peak of 61 land plots in 2011, 

with further fluctuations between 2005 and 2008 (16 and 14 transactions respectively). 

The growth of land transactions in this period can be contributed to the Provisions on 

the Assignment of State-owned Construction Land implemented by the Ministry of 

Land Resources in 2002, which prohibited negotiation of LURs in commercial and 

residential land markets (MLR, 2002), with negotiation further banned in industrial 

sector in 2006 (MLR, 2006). Consequently, an increasing number of LURs 

transactions through public auctions were officially recorded by the local authority. 

However, according to Ding and Zhao (2014), the government released a series of 

land policies in 2005 to suppress the overheated real estate market by controlling the 

land supply, which in turn disrupted the market transactions from 2005 to 2008. After 

the fluctuations between 2005 – 2008, the transaction volumes increased significantly 

to reach a peak in 2011, driven by the ‘steady growth’ in economic policies after the 

2008 financial crisis. This period saw a four trillion RMB stimulus flowing to the real 

estate market, triggering the land development as illustrated by the increasing land 

market transactions. After the growth period, the number of land transactions 

experienced a pronounced decline to only 12 transactions at the end of 2016. 2017 

saw a slight increasing trend with 15 land transactions in the market. 
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Figure 5.4 Commercial Land Transaction Price and Volumes sold in Beijing (2002 -

2017) 

 

Regarding the land transaction price per building area, the line chart in Figure 5.4 

showed a relatively steady trend from 2002 to 2006, siting at approximately 3,000 

RMB/m2. After this period, the average land transaction price displayed a steady 

growth between 2006 – 2011 with an increase of 5,334 RMB/m2 over the five-year 

period observing an average appreciation of just above 1,000 RMB/m2 per annum. 

The year 2012 witnessed a slight price drop by around 1,300 RMB/m2 (17%) from 

7,861 RMB/m2 in 2011 to 6,506 RMB/m2, followed by another three-year steady 

increase with an annual price increase of nearly 2,000 RMB/m2 in response to rising 

demand of commercial land caused by the gradually decreased land supply. Another 

slight fall was observed in 2016, which was followed by a pronounced growth at the 

end of 2017 with 21,982 RMB/m2, nearly doubling the land price in 2016 at 11,004 

RMB/m2. This is due to the varying locations. In 2017, 10 out of 15 transacted land 

plots (67%) were located closer to central area, clustering in grades 4-5, compared to 

that in 2016 with more than half (58%) of the plots transacted in grades 6-7.  

Statistical examination of commercial land transaction price per building area (Figure 

5.5) indicated that over the period 2002 – 2017 the mean commercial land price was 

7,640 RMB/m2 with the median 5,489 RMB/m2. In addition, the statistics showed a 

wide price spread (34,557 RMB/m2) in the data, confirming the land price increase and 

spread in the distribution of land price over the time series. The standard deviation 
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(6,888 RMB/m2) revealed that 68.27% of the average land transaction prices were 

mostly ranged from 752 RMB/m2 to 14,528 RMB/m2, further confirming that the data 

to be spread out over a large range of values. Furthermore, the statistics distribution 

indicated asymmetry of a right-skewed spreading with the most data concentrated on 

the left displayed by the increased frequency of average land transaction price below 

the 10,000 RMB/m2 threshold. 

 

Figure 5.5 Commercial Land Transaction Price per Square Metre 

 

 

5.2.3. Market Overview in Industrial Market  

Regarding the transaction volumes in the industrial land market (Figure 5.6), the bar 

chart showed a steady and gradual growth between 2008 and 2010, followed by a 

steady downturn in transaction numbers from the peak in 2010 (131 transactions) to 

2013 (82 transactions). After this period, a significant drop was observed in 2014 to 

42 transactions (decrease by almost 50%). By 2017, there was only nine industrial 

land transactions in the auctions. The shrinkage in land supply was due to the 

introduction of industrial land development restrictions in 2014 to protect the 

environment and control the excess land supply.  
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Figure 5.6 Industrial Land Transaction Price and Volumes sold in Beijing (2008 -2017) 

 

Regarding the land transaction price per building area, the period (2008 – 2012) 

witnessed a fluctuation around 650 RMB/m2. After this period, a pronounced increase 

(65.4%) was observed from 555 RMB/m2 in 2012 to 918 RMB/m2 in 2013. The 

transaction price per building area stabilised at 917 RMB/m2 in 2015, which was 

followed by a steady increase to 1,436 RMB/m2 at the end of 2017, an increase of 

56%. Compared to residential and commercial land market, the land transaction price 

in industrial sector illustrated a much lower average transaction price. As endorsed in 

the literature, this was resulted from the low premium policy imposed by the local 

government to attract investment flows (section 2.2.4).  

Figure 5.7 showed a positively skewed dispersion with a mean transaction price of 

808 RMB/m2 and a median of 718 RMB/m2, indicating relatively little spread (90 

RMB/m2) between the measures of central tendency. The price range (spreading from 

180 RMB/m2 to 3,331 RMB/m2) was narrower compared to residential and commercial 

market, indicating a much mild increasing trend in industrial land prices in relative to 

the other two markets. The standard deviation (458 RMB/m2) revealed that 68.27% of 

the data resided between 350 RMB/m2 and 1,266 RMB/m2 (mean ± 1 std. dev.). 

Consistent with the other two sectors, a right-skewed distribution with the most values 

concentrated on the left was captured in the industrial land price. The positively 

skewed industrial transaction price was endorsed by the literature of the government 
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strategy to transfer industrial LURs at a low price for urban growth, as well as 

investment attraction.  

Figure 5.7 Industrial Land Transaction Price per Square Metre 

 

 

5.3. Identification of Margin of Error in Three Sectors 

The purpose of this section was in response to the research objective to investigate 

the valuation accuracy of LBP method in land appraisals (Section 1.3). In doing so, it 

captured the capability as to whether the government-published LBP was able to 

reflect the market transaction price in in Beijing. It was discussed in the literature view 

that real estate valuation was an estimate of price from what the valuer considers the 

subject land would sell in the open market (Section 3.4). The absence of an open 

transaction market and the government ownership of land necessitated the application 

of the LBP method with a set of strict rules. The application of LBP for land valuation 

followed a set of sophisticated rules reinforced by the government (section 2.5 and 

section 4.6.1.1). Practising valuers, however, can only subjectively adjust coefficients 

of influencing factors within a certain narrow range (Table 4.4). These variations reflect 

a valuer’s experience and judgement in relation to the location by considering the 

aggregated extent of the development, accessibility of the location, the compatibility 

N = 676 
Mean = 808 
Median = 718 
Maximum = 3,331 
Minimum = 180 
Std. Dev. = 458 

 



 
132 

 

with the surroundings, the shape of the plot, infrastructure development and the 

environment. Although the coefficient modification for influencing factors cannot 

exceed certain ranges, it created uncertainty and hence some appraisal variation from 

valuer to valuer.  

Given the geographical locations, infrastructure, road conditions and environment 

influences changed over time, this added to the difficulties in this research in applying 

appropriate influencing factors adjustments to the land transactions. In order to 

minimise the valuation bias created by the author from the proxies applied and to test 

how different chosen proxies can potentially influence the appraisal results, two 

proxies are applied, i.e. the lowest and highest 𝐶𝐼𝐹. The former captured the valuation 

differentials between the actual market transaction price and the minimum LBP 

appraisals (ΔVmin), whereas the latter looked at the differentials between the actual 

market transaction price and the maximum LBP appraisals (ΔVmax). These two tests 

allowed the research to assess the sensitivity of the only variable that valuers can 

objectively adjust. In addition, the scenarios helped test whether the change in one 

variable can potentially make a large difference in the appraisal results and hence the 

valuation accuracy differentials.  

5.3.1. Identification of Margin of Error in Residential Market  

Table 5.1 showed the margin of error with the lowest 𝐶𝐼𝐹, enabling the research to 

compare the price differentials in each year as well as observe the differential changes 

immediately before and after the 2014 LBP update. The average overall differential 

was -68.87%, indicating a tendency of having a valuation significantly below the 

transaction price with the sum of the LBP appraisals nearly 70% lower than the market 

transaction prices. 2003 was the only year to see the valuation appraisals exceeded 

market transaction prices by 17.85%, yet the number of individual land plots falling 

within ±20% was only moderate sitting at 21%. The annual differentials fell below the 

transacted price at around -33% in the next three years between 2004 and 2006, 

revealing the decreasing capacity of LBP to represent land prices even when the 

market price remained relatively stable (section 5.2.1). More than 20% of the 

valuations lay within the margin of error of ±20% between 2004 – 2006, with 2004 

seeing a slight increase to 38% of the valuations falling within the range. However, the 

majority (36 out of 65, 55%) valuations remained outside the ±40% range during the 
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period, indicating the poor capability of LBP method to reflect transaction prices in 

residential land valuation. In the period of 2007 – 2011, the annual differentials 

dropped significantly to over -50%. Especially in the end of cycle of 2010 – 2011, the 

annual differentials were -75.91% and -69.15% respectively, further confirming the 

limited capability of LBP method to accurately represent the market price movements. 

In addition, only 11 (10%) appraisals were estimated within the range of ±20%, 

compared to 13 (12%) within ±20% - ±40% and 87 (78%) in the category of outside 

±40%. With regard to the boom period from 2012 to 2017, the annual differentials 

dropped to around -80% in 2012 and 2013. Although the LBP update helped increase 

the valuation differentials to some degree, the LBP estimates in 2014 were still 

severely below the market transaction price by almost 60%, and the differentials 

dropped further to -81.62% by the end of 2016, indicating the update of LBP had 

limited improvement in the valuation accuracy where the LBP was still curiously under 

the market price. In addition, the percentage within ±20% increased moderately from 

below 10% in 2012 – 2013 to 20% and 25% in 2014 and 2015 respectively; while none 

of the valuations were captured within the range of ±20% after 2016. In contrast, the 

percentage outside ±40% decreased from around 90% in 2012 – 2013 to 60% in 2014 

due in part to the LBP update. At the end of the 2017, the number falling outside ±40% 

increased to 91%, indicating the immediate effect of LBP method to represent market 

price in a fast-changing market soon dissipated.   

Regarding the margin of error with highest 𝐶𝐼𝐹  (Table 5.2), the valuation accuracy 

displayed a moderate improvement with a slight increase in the overall differential to -

52.11%, although the overall valuation estimates were still well below the market 

transaction price. In terms of the valuation differentials in the period of 2003 – 2006, 

2003 saw the LBP appraisals exceeding market transaction price by as much as 95%, 

while 2004 – 2006 experienced a fluctuation around ±30%. Moreover, only 14 (21%) 

of valuations were within ±20%, while 39 (60%) fall outside ±40%. Regarding the 

period of 2007 – 2011, the annual differentials remained within ±20% in the beginning 

of the cycle, albeit the differentials dropped dramatically at below -50% after 2010. In 

addition, 24 out of 111 (22%) of valuations fall within the range of ±20%, relative to 58 

(52%) lying outside ±40%. In terms of the market upturn period of 2012 – 2017, the 

annual differentials dropped from around -67% to -47.60% after LBP update in 2014, 

followed by an increasing difference to -76.10% at the end of 2016. The year 2017 
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saw a slight increase back to -65.46% due to the declining market transaction price 

(Figure 5.2). After LBP update, there was only one valuation falling inside ±20% each 

year, with the majority falling outside ±40%. Similarly, despite utilising the highest 𝐶𝐼𝐹 

adjustments, the update of LBP did not see significant improvement in residential land 

valuation accuracy, reflected by the change in numbers falling in the ±20% category 

before and after 2014. 

The comparison with lowest and highest 𝐶𝐼𝐹  applied respectively showed that the 

residential land valuation by LBP method displayed a pronounced negative bias from 

-68.87% to -52.11%. In addition, although frequency tables showed that the annual 

differentials experienced considerable change with the different proxies, reflecting the 

overall dramatic change of LBP appraisals in response to the proxies applied, the 

valuation accuracy of individual land plots did not see a significant improvement when 

the proxy changed from the lowest to the highest. Specifically, the number of 

valuations falling within the ±20% with the lowest proxy was 34 (13%), compared to 

45 (17%) with the highest proxy; while the number lying outside ±40% was 188 (74%) 

with the lowest proxy relative to 153 (61%) with the highest. Furthermore, the LBP 

appraisals did not display a strong relationship with time as expected, evidenced by 

the percentage falling within ±20% each year before 2014. Instead, a direct connection 

with market movement was captured, where the frequency falling within ±20% 

appeared highest in the stable market stable period. The boom period saw the lowest 

percentage in ±20% range illustrating the difficulties of mirroring a rapidly increasing 

market. The 2014 LBP update helped improve the valuation accuracy to a limited 

degree, with the LBP appraisals seeing an immediate narrowing of the differential gap, 

albeit it is still significantly below the market transaction price.   
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Table 5.1 Frequency Table of Margin of Error with lowest 𝐶𝐼𝐹 (ΔVmin), Residential Market 

Year N 
Annual 
Diff. 

Frequency 

±5%(inc) 
±5% - 
±10%(inc) 

±10% - 
±15%(inc) 

±15% - 
±20%(inc) 

Sum  
within 
±20%  
 

±20% - 
±30%(inc) 

±30% - 
±40%(inc) 

> ±40% 
 

2003 23 17.85% 1 (4%) 1 (4%) - 3 (13%) 5 (21%) 4 (17%) 2 (9%) 12 (52%) 

2004 21 -36.16% 3 (14%) 2 (10%) 3 (14%) - 8 (38%) 1 (5%) 2 (10%) 10 (48%) 

2005 5 -30.34% - 1 (20%) - - 1 (20%) 1 (20%) - 3 (60%) 

2006 16 -30.15% 1 (6%) 2 (13%) - 1 (6%) 4 (25%) 1 (6%) - 11 (69%) 

2007 33 -59.65% - - 3 (9%) - 3 (9%) 3 (9%) 2 (6%) 25 (76%) 

2008 27 -42.88% 3 (11%) 3 (11%) - - 6 (22%) 2 (7%) 2 (7%) 17 (63%) 

2009 1 -52.48% - - - - - - - 1 (100%) 

2010 21 -75.91% - - - - - 1 (5%) 1 (5%) 19 (90%) 

2011 29 -69.15% - 1 (3%) 1 (3%) - 2 (6%) 1 (3%) 1 (3%) 25 (86%) 

2012 9 -81.94% - 1 (11%) - - 1 (11%) - - 8 (89%) 

2013 24 -80.55% - - 1 (4%) - 1 (4%) 1 (4%) - 22 (92%) 

2014 10 -59.69% - 1 (10%) - 1 (10%) 2 (20%) 1 (10%) 1 (10%) 6 (60%) 

2015 4 -67.03% - 1 (25%) - - 1 (25%) - - 3 (75%) 

2016 7 -81.62% - - - - - - 1 (14%) 6 (86%) 

2017 22 -73.19% - - - - - 1 (5%) 1 (5%) 20 (91%) 

Overall 
Diff. 

-68.87% 
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Table 5.2 Frequency Table of Margin of Error with highest 𝐶𝐼𝐹 (ΔVmax), Residential Market 

Year N 
Annual 
Diff. 

Frequency 

±5%(inc) 
±5% -  
±10%(inc) 

±10% -  
±15%(inc) 

±15% -  
±20%(inc) 

Sum  
within 
±20%  
 

±20% -  
±30%(inc) 

±30% -  
±40%(inc) 

> ±40% 
 

2003 23 95.08% 2 (9%) 2 (9%) - 1 (4%) 5 (22%) 1 (4%) 1 (4%) 16 (70%) 

2004 21 8.56% 1 (5%) 1 (5%) 1 (5%) 1 (5%) 4 (20%) 2 (10%) 3 (14%) 12 (57%) 

2005 5 29.69% - - - 1 (20%) 1 (20%) - 1 (20%) 3 (60%) 

2006 16 22.12% - 2 (13%) 1 (6%) 1 (6%) 4 (25%) 3 (19%) 1 (6%) 8 (50%) 

2007 33 -28.61% 3 (9%) 1 (3%) 3 (9%) 3 (9%) 10 (30%) 4 (12%) 6 (18%) 13 (39%) 

2008 27 -1.18% 3 (11%) 1 (4%) 2 (7%) 2 (7%) 8 (29%) 3 (11%) 2 (7%) 14 (52%) 

2009 1 -17.97% - - - 1 (100%) 1 (100%) - - - 

2010 21 -56.42% - 2 (10%) - 1 (5%) 3 (15%) 4 (19%) 3 (14%) 11 (52%) 

2011 29 -50.06% 1 (3%) - - 1 (3%) 2 (6%) 4 (14%) 3 (10%) 20 (69%) 

2012 9 -68.52% - - - - - - 1 (11%) 8 (89%) 

2013 24 -66.39% 1 (4%) 1 (4%) - 1 (4%) 3 (12%) 3 (13%) 1 (4%) 17 (71%) 

2014 10 -47.60% 1 (10%) - - - 1 (10%) 3 (30%) - 6 (60%) 

2015 4 -58.10% - - - 1 (25%) 1 (25%) - 1 (25%) 2 (50%) 

2016 7 -76.10% - - 1 (14%) - 1 (14%) - - 6 (86%) 

2017 22 -65.46% - 1 (5%) - - 1 (5%) 2 (9%) 2 (9%) 17 (77%) 

Overall 
Diff. 

-52.11% 
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Table 5.3 further combined the frequency with lowest and highest proxies to observe 

the number and percentages falling with ΔVmin ≥ -20% and ΔVmax ≤ 20%. The table 

exhibited a fairly poor valuation accuracy between 2003 and 2009, with the average 

percentage siting around at 55%. This indicated that 55% of the LBP appraisals can 

potentially fall within ±20%, providing an appropriate coefficient was applied by valuers, 

whereas the rest of 45% of the valuation failed to accurately estimate the market 

transaction prices within a margin of error of ±20% regardless of proxies chosen. In 

2009, in contrast, 100% valuation fell inside the range, given a small valuation sample 

captured in 2009. Following this, the period (2010 – 2013) experienced a decreased 

valuation accuracy. The average percentage falling inside during this period fluctuated 

at around 20%. In addition, the update of the LBP in 2014 increased the price 

guidelines, with the proportion lying inside ±20% slightly increased to 30%, further 

confirming the government-published benchmark price was significantly lower than the 

actual market transaction price. At the end of 2017, only 5% of valuation can be 

potentially appraised within ±20% range, which reveals the huge discrepancies 

between market transaction prices and the government-published LBP. 

 Table 5.3 Number and Percentage of the Valuations Falling Inside ±20% Range, 

Residential Market 

Yr 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 

N. 22 14 3 9 16 15 1 5 5 1 5 3 1 1 1 

% 57 67 60 56 48 56 100 24 17 11 21 30 25 14 5 

 

5.3.2. Identification of Margin of Error in Commercial Market 

Table 5.4 displayed the margin of error when the lowest coefficient of influencing 

factors (𝐶𝐼𝐹) was applied in the commercial land market. Similar to residential market, 

the average overall differential was -60.27%, indicating an overall negative valuation 

with the lowest 𝐶𝐼𝐹  being applied. In the period of 2002 – 2006, the sample data 

revealed a differential of -24.46%. The percentage falling within ±20% was low with 

only 17 out of 80 (21.25%) transactions inside the range, with the majority 34 (42.50%) 

estimates outside ±40%. The average variation in price-increasing period of 2007 – 

2011 was extremely low at -63.93%, indicating limited capability of LBP method to 
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accurately represent the market price in an upturn market. Only 39 out of 201 (19.40%) 

valuations lay within the range of ±20%, with 130 (64.67%) appraisals falling outside 

±40%. In the market fluctuation period of 2012 – 2017, the overall differential was -

60.03%, with only 19 (10%) appraisals within ±20% and 145 (77.95%) appraisals 

outside of the ±40% range. Despite the effort of LBP to trace the market movements 

by applying the government-realised annual land price index, a fairly poor level of 

valuation accuracy was captured, with LBP appraisals significantly below the market 

transaction price. As observed in residential market, the update of 2014 LBP, did 

deliver of an improvement in commercial land valuation accuracy, as reflected in the 

small percentage (11%, 13%, 8% and 7% accordingly in 2014 – 2017) falling within 

the ±20% range.  

Regarding the margin of error when utilising the highest coefficient of 𝐶𝐼𝐹 (Table 5.5), 

the valuation accuracy displayed a slightly increased overall differential at -42.57%, 

although the overall valuation estimates were still consistently below the market 

transaction prices. In the market period of 2002 – 2006, the sample data displayed a 

positive overall differential at 13.39%, with 27 (33.75%) of valuations within ±20%, 19 

(23.75%) of valuation between ±20% - ±40%, while 34 (42.50%) outside ±40%. The 

average margin of error in boom period of 2007 – 2011 was -43.37%, with only 34 

(16.91%) of the valuations within a ±20% range, 36 (17.92%) between ±20% - ±40%, 

and 131 (65.17%) outside ±40%. However, the number of transactions within ±20% 

fell sharply to 11 (26%) in 2009 and only 1 (2%) in 2010. In terms of the volatile market 

period of 2012 – 2017, an overall differential of -48.34% was identified, with 20 

(10.75%) valuations within ±20%, 34 lying (18.29%) within between ±20% - ±40%, and 

132 (70.96%) outside the range of ±40%. Similarly, the update of 2014 LBP did not 

see a significant improvement in commercial land valuation, as evidenced by the little 

percentage change (18%, 10%, 25% and 0% respectively in 2014 – 2017) in ±20% 

category before and after 2014. 
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Table 5.4 Frequency Table of Margin of Error, with lowest 𝐶𝐼𝐹 (ΔVmin), Commercial Market  

Year N 
Annual 
Diff. 

Frequency 

±5%(inc) 
±5% - 
±10%(inc) 

±10% - 
±15%(inc) 

±15% - 
±20%(inc) 

Sum  
within 
±20%  
 

±20% - 
±30%(inc) 

±30% - 
±40%(inc) 

> ±40% 
 

2002 3 -24.16% - - - 1 (33%) 1 (33%) 2 (67%) - - 

2003 15 -38.50% 1 (7%) 2 (13%) 2 (13%) 1 (7%) 6 (40%) 2 (13%) 1 (7%) 6 (40%) 

2004 20 -0.18% 2 (10%) - 1 (5%) 1 (5%) 4 (20%) 3 (15%) 2 (10%) 11 (55%) 

2005 16 -36.10% 1 (6%) 1 (6%) - - 2 (12%) 4 (25%) 4 (25%) 6 (39%) 

2006 26 -18.89% 2 (8%) - 1 (4%) 1 (4%) 4 (16%) 4 (16%) 7 (26%) 11 (41%) 

2007 25 -35.31% - 2 (8%) 5 (20%) - 7 (28%) 5 (20%) 5 (20%) 8 (32%) 

2008 14 -36.93% - - 1 (7%) 1 (7%) 2 (14%) 2 (14%) 3 (21%) 7 (50%) 

2009 42 -56.42% - 5 (12%) 1 (2%) 7 (17%) 13 (31%) 3 (7%) 5 (12%) 21 (50%) 

2010 59 -69.25% 1 (2%) 3 (5%) 2 (3%) 4 (7%) 10 (17%) 2 (3%) - 47 (80%) 

2011 61 -71.11% 2 (3%) 2 (3%) 1 (2%) 2 (3%) 7 (11%) 5 (8%) 2 (3%) 47 (77%) 

2012 29 -58.86% 1 (3%) - 4 (14%) 3 (10%) 8 (28%) 2 (7%) 1 (3%) 18 (62%) 

2013 55 -76.30% 1 (2%) - - - 1 (2%) 2 (4%) 2 (4%) 50 (91%) 

2014 45 -50.09% 1 (2%) - 2 (4%) 2 (4%) 5 (11%) 3 (7%) 6 (13%) 31 (69%) 

2015 30 -50.53% 2 (7%) 1 (3%) - 1 (3%) 4 (13%) 1 (3%) 3 (10%) 22 (73%) 

2016 12 -72.00% 1 (8%) - - - 1 (8%) - 1 (8%) 10 (84%) 

2017 15 -66.67% - - - - 1 (7%) - 14 (93%) - 

Overall 
Diff. 

-60.27 
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Table 5.5 Frequency Table of Margin of Error, with highest 𝐶𝐼𝐹 (ΔVmax), Commercial Market 

 

 

Year N 
Annual 
Diff. 

Frequency 

±5%(nc) 
±5% -  
±10%(inc) 

±10% -  
±15%(inc) 

±15% -  
±20%(inc) 

Sum  
within 
±20%  
 

±20% -  
±30%(inc) 

±30% -  
±40%(inc) 

> ±40% 
 

2002 3 2.61% 2 (67%) - 1 (33%) - 3 (100%) - - - 

2003 15 -5.65% 1 (7%) - 1 (7%) - 2 (13%) 2 (13%) 5 (33%) 6 (40%) 

2004 20 59.45% 2 (10%) 1 (5%) - 2 (10%) 5 (25%) 1 (5%) 2 (10%) 12 (60%) 

2005 16 -7.59% 2 (13%) 1 (6%) 3 (19%) 3 (19%) 9 (56%) 2 (13%) 2 (13%) 3 (19%) 

2006 26 20.95% 2 (8%) 2 (8%) 1 (4%) 3 (12%) 8 (31%) 2 (8%) 3 (12%) 13 (50%) 

2007 25 -1.48% 3 (12%) 2 (8%) 2 (8%) 1 (4%) 8 (32%) 4 (16%) 7 (28%) 6 (24%) 

2008 14 -1.54% 2 (14%) 3 (21%) 1 (7%) 2 (14%) 8 (57%) 1 (7%) - 5 (36%) 

2009 42 -30.56% 1 (2%) 5 (12%) 2 (5%) 3 (7%) 11 (26%) 4 (10%) 2 (5%) 25 (60%) 

2010 59 -50.84% - - - 1 (2%) 1 (2%) 4 (7%) 9 (15%) 45 (76%) 

2011 61 -55.27% 1 (2%) 1 (2%) 1 (2%) 3 (5%) 6 (10%) 2 (3%) 3 (5%) 50 (82%) 

2012 29 -36.38% - 1 (3%) 2 (7%) - 3 (10%) 1 (3%) 3 (10%) 22 (76%) 

2013 55 -62.03% - 3 (5%) 3 (5%) - 6 (11%) 4 (7%) 2 (4%) 43 (78%) 

2014 45 -35.28% 1 (2%) 2 (4%) 2 (4%) 1 (2%) 6 (13%) 8 (18%) 6 (13%) 25 (56%) 

2015 30 -36.88% - 2 (7%) 2 (7%) - 4 (13%) 3 (10%) 2 (7%) 21 (70%) 

2016 12 -64.13% - - - - - 3 (25%) - 9 (75%) 

2017 15 -57.10% - - - - - - 2 (13%) 12 (80%) 

Overall 
Diff. 

-42.57 
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The comparison between Table 5.4 and Table 5.5 highlighted that the vacant 

commercial land valuation by LBP method illustrated a significantly downward bias 

especially in an upturn market. The finding was in line with Han and Vu (2008) who 

found the low government-published price policy in Vietnam was designed to 

encourage investment for economic development. Shimizu and Nishimura (2006) also 

supported this by suggesting large discrepancies occur between market transaction 

prices and the government-published price in Japan, as the purpose of the low 

government set land price was to smooth the valuation peaks and troughs. In addition, 

this research also found that the valuation accuracy of individual land plots, 

unfortunately, did not see a significant improvement, regardless of the proxies applied 

according to the results. The number of valuations falling within ±20% category with 

the lowest proxy is 75 (16.7%), compared to 81(17.3%) with the highest proxy; while 

the number lying outside ±40% is 309 (66.2%) with the lowest proxy relative to 297 

(63.6%) with the highest. This could be due to the insensitivity of LBP method in 

response to the selection of proxies. 

Table 5.6 further captured the number and percentage of valuations with ΔVmin ≥ -20% 

and ΔVmax ≤ 20%. The table displayed a poor valuation accuracy, indicating the 

incapability of LBP to correctly represent the commercial market transaction price. 

Only the year 2002 saw the all of the valuations fall within ±20% if an appropriate 𝐶𝐼𝐹 

can be picked up by the valuer. During the period of 2003 – 2006, the percentage 

falling inside ±20% fluctuated at around 55%. A sharp increase was witnessed in 2007 

to 76%, followed by a steady decline to 13% at the end of 2013. The figure indicated 

that in 2013 only 13% of the valuations can be appraised within a differential of ±20%, 

providing the valuer was experienced enough to be able to pick an appropriate 𝐶𝐼𝐹. 

The update of LBP in 2014 brought up the percentage by only about 9% from 13% to 

22%, while in 2017 only 1 out of the 15 (7%) valuation are within the accepted ±20%, 

indicating difficulties of the LBP method in accurately representing the market price as 

well as serving as a valuation method in commercial market. 

Table 5.6 Number and Percentage of the Valuations Falling Inside ±20% Range, 

Commercial Market  

Yr. 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 

N. 3 8 11 11 12 19 10 24 13 14 11 7 10 8 1 1 

% 100 53 55 69 46 76 71 57 22 23 38 13 22 27 8 7 
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5.3.3. Identification of Margin of Error in Industrial Market 

Unlike the commercial and residential land markets, a positive valuation differential 

was observed (Table 5.7), with the LBP appraisals exceeding the market transactions 

price by 55.32% even when the lowest proxy being applied. Specifically, in the period 

of 2008 – 2012, valuation differentials were captured ranging from -43.11% to 93.68%. 

The percentage falling within the range of ±20% in this period was rather moderate 

with only 105 out of 523 (20%) transactions lying within, while the majority of 320 (61%) 

valuations were outside ±40%. There was a pronounced increase in market 

transaction price in 2013 reducing the differentials to 39.04%, although the LBP 

appraisals still exceeded the market transaction price. The update of 2014 LBP, 

however, did not improve the valuation accuracy. Instead, the valuation differentials 

enlarged by 80%, stabilising at around 108% in the price steady period of 2014 – 2016. 

The percentage falling within ±20% oddly increasing to 29% from 12% due to the 2014 

LBP update. To add more confusion, the valuation differentials increased to 380.11% 

in 2017 together with a pronounced increase in land transaction prices.  

Regarding the margin of error with highest CIF (Table 5.8), an increased differential 

was identified in both overall differential to 117.42% (compared to 55.32% with the 

lowest CIF) and the corresponding annual differentials. However, despite the reduction 

in the valuation differentials, the number of individual land plots falling within the ±20% 

range saw only a moderate improvement. In the period (2008 – 2012), 116 (22%) of 

valuations lay within ±20%, compared to 105 (20%) with the lowest CIF. In addition, a 

reduced number of 299 (57%) was captured outside the range of ±40%, compared to 

320 (61%) with the lowest CIF. Similarly, the 2014 LBP update further enlarged the 

annual differentials which sat at around 160% during the period of 2014 – 2016, but 

the frequency within ±20% improved from 12% in 2013 to 31% in 2014. Specifically, 

more than half of the valuations (55%) fell within the range of ±20% in 2015.  
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Table 5.7 Frequency Table of Margin of Error with lowest 𝐶𝐼𝐹 (ΔVmin), Industrial Market 

Year N 
Annual 
Diff. 

Frequency 

±5%(inc) 
±5% - 
±10%(inc) 

±10% - 
±15%(inc) 

±15% - 
±20%(inc) 

Sum  
within 
±20%  
 

±20% - 
±30%(inc) 

±30% - 
±40%(inc) 

> ±40% 
 

2008 72 -43.11% 6 (8%) 4 (6%) 5 (7%) 8 (11%) 23 (32%) 7 (10%) 7 (10%) 35 (49%) 

2009 111 23.35% 6 (5%) 5 (5%) 3 (3%) 3 (3%) 17 (16%) 9 (8%) 12 (11%) 73 (66%) 

2010 131 33.03% 6 (5%) 5 (4%) 5 (4%) 1 (1%) 17 (14%) 5 (4%) 17 (13%) 92 (70%) 

2011 119 67.28% 6 (5%) 10 (8%) 4 (3%) 2 (2%) 22 (18%) 15 (13%) 17 (14%) 65 (55%) 

2012 90 93.68% 7 (8%) 6 (7%) 7 (8%) 6 (7%) 26 (30%) 5 (6%) 4 (4%) 55 (61%) 

2013 82 39.04% 5 (6%) 3 (4%) 1 (1%) 1 (1%) 10 (12%) 10 (12%) 5 (6%) 57 (70%) 

2014 42 118.73% 7 (17%) - 2 (5%) 3 (7%) 12 (29%) 5 (12%) 4 (10%) 21 (50%) 

2015 27 96.84% 2 (7%) 7 (26%) 1 (4%) 1 (4%) 11 (41%) 4 (15%) 4 (15%) 8 (30%) 

2016 13 109.48% 1 (8%) - - - 1 (8%) 1 (8%) 4 (31%) 7 (54%) 

2017 9 380.11% - 1 (11%) - - 1 (11%) 1 (11%) - 7 (78%) 

Overall 
Diff. 

55.32% 
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Table 5.8 Frequency Table of Margin of Error with highest 𝐶𝐼𝐹 (ΔVmax), Industrial Market 

Year N 
Annual 
Diff. 

Frequency 

±5%(inc) 
±5% -  
±10%(inc) 

±10% -  
±15%(inc) 

±15% -  
±20%(inc) 

Sum  
within 
±20%  
 

±20% -  
±30%(inc) 

±30% -  
±40%(inc) 

> ±40% 
 

2008 72 -11.76% 4 (6%) 10 (14%) 4 (6%) 3 (4%) 21 (30%) 18 (25%) 10 (14%) 23 (32%) 

2009 111 67.50% 4 (4%) 5 (5%) 12 (11%) 2 (2%) 23 (22%) 9 (8%) 18 (16%) 61 (55%) 

2010 131 81.62% 5 (4%) 7 (5%) 8 (6%) 12 (9%) 32 (24%) 11 (8%) 12 (9%) 76 (58%) 

2011 119 155.77% 9 (8%) 10 (8%) 5 (4%) 8 (7%) 32 (27%) 10 (8%) 5 (4%) 72 (61%) 

2012 90 181.70% 3 (3%) 3 (3%) - 2 (2%) 8 (8%) 7 (8%) 8 (9%) 67 (74%) 

2013 82 106.22% 4 (5%) 1 (1%) 2 (2%) 3 (4%) 10 (12%) 14 (17%) 4 (5%) 54 (66%) 

2014 42 173.72% 2 (5%) - 10 (24%) 1 (2%) 13 (31%) 4 (10%) 1 (2%) 24 (57%) 

2015 27 145.99% 6 (22%) 3 (11%) 3 (11%) 3 (11%) 15 (55%) 2 (7%) 2 (7%) 8 (30%) 

2016 13 166.96% - - 1 (8%) - 1 (8%) 2 (15%) 3 (23%) 7 (54%) 

2017 9 502.85% - - - 1 (11%) 1 (11%) - 2 (22%) 6 (67%) 

Overall 
Diff. 

117.42% 
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Table 5.9 further combined the valuation differentials with ΔVmin ≥ -20% an ΔVmax ≤ 20% 

to test the capability of LBP method in industrial land valuation. Specifically, 61% of 

the valuations in 2008 fell inside the accepted margin of error of ±20%, providing an 

appropriate proxy can be applied by valuers. The percentage falling inside ±20% 

gradually decreased to 30% at the end of 2013, indicating a gradually declined 

valuation accuracy in LBP. The update LBP in 2014 improved the valuation accuracy 

to some degree, with a growth to 38% of the appraisals falling inside ±20% range. 

However, as with the commercial and residential land markets, only 11% of the 

appraisals can lie within the margin of error of ±20% in 2017, further confirming the 

inability of LBP to mimic the market in industrial land appraisals.  

Table 5.9 Number and Percentage of the Valuations Falling Inside ±20% Range, 

Industrial Market 

Year 08 09 10 11 12 13 14 15 16 17 

No. 44 44 51 58 35 25 16 16 1 1 

% 61% 40% 39% 49% 39% 30% 38% 59% 8% 11% 

 

5.4. Correlation Analysis in Three Sectors 

Correlation analysis as one of the most significant diagnostic steps, assisted in the 

detection of the presence of highly correlated explanatory variables in the regression 

model (section 4.6.1.2). The following sub-sections, consequently, tested the highly 

correlated variables identified in section 4.5, which served as the basis for later OLS 

analysis (section 5.5).   

5.4.1. Correlation Analysis in Residential Market 

Table 5.10 showed the correlation among selected variables in the residential sector. 

In summary, the Land Transaction Price (LTP) exhibited a highly statistically significant 

association with LBP (r = 0.730**), indicating that the government-imposed LBP had 

a significant association with the market transaction price. Land Grade (LG) imposed 

similar influences on transaction-based price (r = -.164**) and valuation-based 

estimates (r = -.353**) demonstrating that land grade was an important variable 

determining the land price and that the further away the land parcel was located from 
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the CBD, the lower the transaction price, as well as the valuation estimates. However, 

LG had a relatively stronger impact on LBP than LTP, evidenced by the absolute 

values of the coefficients, indicating that land grades serving as the foundation in the 

LBP approach seemed to have a weaker association in the market transactions. This 

showed that the determination of land transaction prices in an open market does not 

rely on land grades as much as LBP does.  

Moreover, FAR illustrated positive connections with LTP (r = .162**) and LBP (r 

= .287**), indicating a higher density building led to a higher land cost and land 

valuation. According to MLR (2014b), the intensity of construction on vacant land 

should be strictly based on the government requirements for the land use. Developers 

or construction companies are prohibited to modify the preconditioned FAR, unless a 

formal application is submitted. The adjustment of a more intensive FAR is 

subsequently remedied by a higher land transaction fee resubmitted to the 

government (Hong et al., 2013). 

Table 5.10 Correlation Table for Residential Market 

 LTP LBP LG FAR LA CA IR POP GDP UF FDI CBD 

LTP 1 .730** -.164** .162** -.106 -.111 -.319** .668** .754** .722** -.534** -.277** 

LBP  1 -.353** .287** -.123 -.064 -.430** .480** .613** .565** -.449** -.255** 

LG   1 -.384** .015 -.047 .002 .200** .175** .191** .033 .599** 

FAR    1 -.261** -.073 .083 .178** .176** .184** -.117 -.302** 

LA     1 .465** .125* -.131* -.139* -.132* .082 -.069 

CA      1 .276** -.045 -.090 -.059 .201** -.069 

IR       1 -.060 -.209** -.114 .349** -.027 

POP        1 .965** .985** -.600** -.028 

GDP         1 .992** -.658** -.048 

UF          1 -.610** -.034 

FDI           1 .140* 

CBD                       1 
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By contrast, the size of the land areas including constructed land area (LA) and 

compensation area (CA) 20, however, did not exhibit any impact on LTP or LBP, both 

of which were not statistically significant. The findings showed that in the populous 

cities like Beijing, the size of land was not a determining factor underlying the 

transaction price. Due to the substantial residential demand but scarce land supply, 

the constructed area or compensation area, therefore, was not of primary 

consideration.  

Furthermore, all financial variables presented a significant correlation with LTP as well 

as LBP, illustrating the interaction between the economy and the real estate market. 

Specifically, an increasing interest rate (IR) triggered a reduced volume of transactions 

and hence lead to lower level of LTP (r = -.319**) and LBP valuation (r = -.430**). The 

positive coefficients from demography (POP) and economic development (GDP) 

promoted the transaction price and valuation, due to the increasing demand in a 

populous area with strong economy. From investment market, however, urban fixed 

asset investment (UF, r = .722** and .565**) and FDI in real estate (FDI, r = -.534** 

and -.449**) displayed a varying effect on LTP and LBP individually, where land price 

positively reacted to domestic investment in contrast to a negative response from 

international investment. The positive impact from urban fixed asset investment 

promoted LTP/LBP, given that the supply of land in Beijing is limited, while the 

domestic demand is high, given the capital city status with an inelastic demand for 

land in Beijing. As a result, the domestic investment would trigger LTP and LBP 

through a high demand. In comparison, the negative association between LTP/LBP 

and FDI could be due to foreign investment forming an important part of the capital 

accumulation and one of the main determinants in attracting FDI lies in a cheap land. 

Consequently, a lower LTP and LBP would encourage more foreign investment.   

Finally, location indicator of CBD had a negative association with LTP (r = -.277**) and 

LBP (r = -.255**), further confirming the negative land gradient where the further away 

the land parcel was located from the CBD, the lower the transaction price. 

 
20 The land area in an auction consists of two parts, i.e. the constructed land area and the compensation 

area.  The former is used for building construction and the latter for urban infrastructure development 

paid by the developers in the name of the government. 
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Having examined the correlation association, a number of financial indicators exhibited 

a high (nearly linear) inter-correlation with each other, such as population and GDP (r 

= .965**), population and urban fixed asset investment (r = .985**), and GDP and 

urban fixed asset investment (r = .992**). This revealed that the movement of the 

above-mentioned indicators potentially led to a positive effect and hence the land 

market transaction price. This auxiliary effect was particularly strong among the 

finance indicators which presented a high degree of multi-collinearity. In this case, 

VIFs benchmark was employed to subtract highly correlated variables for further 

modelling analysis (Table 5.11). 

Table 5.11 Multi-collinearity in Residential Market 

Original Variables  After Cleansing 

 Coef. Sig. VIF  Coef.  Sig. VIF 

(Constant) -49.993 .002   (Constant) -34.539 .000   

LnLBP .355 .000 3.402 LnLBP .415 .000 2.997 

LnFAR -.190 .098 1.431 LnFAR -.164 .160 1.399 

LnLA .084 .045 1.266 LnLA .087 .044 1.258 

LnCA .012 .062 1.643 LnGA .012 .047 1.583 

LnIR -.951 .092 20.901 LnLR .725 .070 2.349 

LnPOP 4.871 .036 81.020 LnPOP 3.891 .000 6.943 

LnGDP -8.931 .001 1470.289 LnFDI -.009 .897 2.888 

LnUF 9.581 .000 861.058 LnCBD -.254 .000 1.620 

LnFDI -.174 .031 4.125 

LnCBD -.356 .000 2.008  

 

5.4.2. Correlation Analysis in Commercial Market 

Correlation analysis was applied to the commercial land market in this section (Table 

5.12). Similar to the residential sector, a significant connection between LTP and LBP 

was captured (r = .681**), indicating the close relationship between two price variables. 

The negative relationship between LG, LTP (r = -.447**) and LBP (r = -.464**) was 

identified in commercial market, confirming the negative land gradient. FAR also 

imposed positive association with LTP (r = .391**) and LBT (r = .318**), as identified 

in residential sector, demonstrating that a higher density increased the land 

transaction price and valuation estimates. 
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Table 5.12 Correlation Table for Commercial Market 

 LTP LBP LG FAR LA CA IR POP GDP UF FDI CBD 

LTP 1 .681** -.447** .391** -.082 -.136** -.143** .502** .548** .532** -.351** -.015 

LBP  1 -.464** .318** .003 -.126** -.193** .400** .503** .477** -.273** -.037 

LG   1 -.640** .153** .201** -.036 .184** .190** .183** -.109* .041 

FAR    1 -.173** -.143** .142** .062 .026 .052 .013 -.041 

LA     1 .192** -.042 .099* .105* .108 -.035 .011 

CA      1 .034 .082 .038 .054 .086 .008 

IR       1 .137** .005 .095* -.113* .021 

POP        1 .969** .984** -.631** .040 

GDP         1 .990** -.673** .037 

UF          1 -.649** .036 

FDI           1 -.067 

CBD            1 

 

However, unlike the residential market where compensation area (CA) did not 

statistically influence LTP or LBP, a negative relationship was captured in commercial 

sector (r = -.136** and r = -.126** respectively). As a result, as the size of 

compensation area rose, LTP and LBP decreased adversely. This was likely due to 

the reason that the commercial sector reacted more sensitively to the land area, where 

an enlarged compensation area led to a reduction of the construction area, which 

subsequently impacted the numbers of shops, potential income of the development 

and hence reducing the land transaction price and valuation.  

Furthermore, the economic attributes exhibited a similar impact on the LTP and LBP 

as identified in residential market. The result revealed that an increase in the interest 

rate (IR) triggered a lower level of LTP (r = -.143**) and LBP (r = -.193**) in the 

commercial market. This was because the development cost would be increased when 

IR increased, adversely leading to a drop in the transaction price from the developers 

who are under financial pressure to sell the development portfolios. Population (POP) 

and GDP, in contrast, boosted LTP (r = .502** and .400**) and LBP (r = .548** 
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and .503**) respectively by promoting the market demand. For the  investment market, 

urban fixed asset investment (UF, r = .532** and .477**) promoted LTP and LBP 

through a high domestic demand, whereas FDI in real estate (FDI, r = -.351** and 

-.273**) had adverse association with LTP and LBP, given lower land price formed an 

attractive feature for higher foreign investment volume.  

Different from residential sector, the CBD did not exert significant impact on LTP/LBP. 

The insignificance of CBD can be explained by the polycentric urban structure in 

Beijing where the commercial developments were clustered in different suburban 

areas. As a result, the land prices did not show statistically significant influence by the 

distance with CBD. 

Table 5.13 Multi-collinearity in Commercial Market  

Original Variables  After Cleansing 

 Coef.  Sig. VIF  Coef.  Sig. VIF 

(Constant) -20.959 .186   (Constant) -2.467 .300   

LnLBP .572 .000 1.797 LnLBP .518 .000 1.697 

LnFAR .118 .020 1.622 LnFAR .143 .006 1.602 

LnLA -.092 .002 1.349 LnLA -.099 .001 1.332 

LnCA .006 .159 1.248 LnCA .007 .107 1.211 

LnIR 3.503 .007 115.929 LnUF .866 .000 6.493 

LnPOP 3.978 .102 120.476 LnFDI -.072 .124 1.721 

LnGDP -4.900 .002 606.652 LnCBD -.299 .000 1.499 

LnUF 3.726 .007 343.472 

LnFDI -.071 .155 2.063 

LnCBD -.306 .000 1.505 

 

According to Table 5.12, a number of financial indicators exhibited a high inter-

correlation with each other, such as population and GDP (0.969), population and urban 

fixed asset investment (0.984), population and construction cost (0.889), GDP and 

urban fixed asset investment (0.990), GDP and construction cost (0.942), and urban 

fixed asset investment and construction cost (0.907). In this case, highly correlated 

variables were filtered by adopting VIFs (Table 5.13). 
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5.4.3. Correlation Analysis in Industrial Market 

The industrial land market displayed a few different characteristics compared to the 

commercial and residential land markets (Table 5.14). First, unlike the commercial and 

residential land sectors, the correlation findings illustrated that LTP had a negative 

association with LBP, indicating that a high transaction price was adversely associated 

with a low valuation. This was clearly not common and not observed in other real 

estate sectors. The reason of the negative association was caused by a mismatch of 

land grades in industrial land, which was discussed in Section 5.6.  

Table 5.14 Correlation Table for Industrial Market 

 LTP LBP LG FAR LA CA IR POP GDP UF FDI CBD 

LTP 1 -.187** .260** -.409** .028 .150** -.019 .185** .219** .222** -.136** -.084* 

LBP  1 -.711** .433** -.009 -.218** -.163** .204** .230** .218** -.026 -.061 

LG   1 -.313** .009 .174** -.104** .222** .310** .289** -.177** .029 

FAR    1 -.051 -.146** -.059 .139** .150** .121** -.097* -.005 

LA     1 .590** -.054 .005 .002 .001 .010 .021 

CA      1 .013 -.057 -.070 -.055 .071 -.031 

IR       1 -.003 -.092* .014 -.352** .094* 

POP        1 .954** .967** -.783** .053 

GDP         1 .976** -.781** .030 

UF          1 -.779** .028 

FDI           1 -.125** 

CBD                       1 

Second, Table 5.14 also demonstrated a varying market mechanism in explaining LTP 

and LBP, evidenced by the opposite coefficient signs in variables such as land grade 

(LG, r = .260** and -.711**), FAR (r = -.409** and .433**) and compensation area (CA, 

r = .150** and -.218**). The positive relationship between LTP and LG indicated that 

the higher land grades, hence further away from CBD, would increase land transaction 

price, due to the larger land area accessibility in urban fringe areas for industrial 

development. In contrast, as endorsed in the literature (section 2.5), land grades serve 
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as the foundation in the LBP approach where the lower the land grades (closer to the 

central area), the higher the LBPs. As a result, the opposite effects were identified 

from land grades on LTP and LBP. FAR, on the other hand, demonstrated that a lower 

density of the building would increase LTP. This was because in China, private users 

tend to utilise land in a low intensity manner, as the land for industrial use is usually 

obtained from city government at relatively low prices, resulting in low land use 

efficiency (Huang et al., 2005). City governments normally set a lower limit on the FAR 

and make the corresponding measures to increase the intensity of land use to attract 

developers (Huang et al., 2011). Furthermore, compensation area (CA) was positively 

correlated with LTP (.150**), yet negatively with LBP (-.218**). The positive correlation 

(albeit small) indicated that developers were willing to have a higher proportion of 

public facilities to appeal more occupiers. However, a larger compensation area 

adversely impacted on the authority’s opinion on land price, as there is a negative 

association between green area and LBP. Indeed, as it was stipulated by MLR (2008), 

public amenities shall not exceed a maximum of 7% of total industrial land area. The 

regulation reflected the government’s attitude towards the usage of industrial land that 

an exceeding compensation area restriction would be deemed as a waste in industrial 

land. The finding exposed such conflict regarding the green areas from a developer 

and the authority perspective.  

Third, interest rate (IR) did not significantly affect the movement of LTP, as there 

existed no significant association between interest rate and industrial land price (-

0.019). The finding indicated that interest rate was not a specific cost to enter the 

industrial market, given the relatively low transaction costs in industrial sector. The 

interest movement was only an indicator of repayment affordability, rather a 

determining effect to influence land transaction volatility for industrial sector.  

Finally, as observed in residential and commercial sectors, there existed highly 

correlated variables in industrial market, such as GDP and population (.954), GDP and 

urban fixed asset investment (.976), and population and urban fixed asset investment 

(.967). Adopting VIF to eliminate the effect of multi-collinearity arose from highly 

correlated variables, Table 5.15 demonstrated the variables for OLS examination 

(section 5.5). 
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Table 5.15 Multi-collinearity in Industrial Market 

Original Variables  After Cleansing 

 Coef. Sig. VIF  Coef. Sig. VIF 

(Constant) -7.779 .426  - (Constant) -8.366 .000  - 

LnLBP -.003 .933 2.341 LnLBP -.004 .906 2.165 

LnFAR -.862 .000 1.346 LnFAR -.875 .000 1.327 

LnLA -.038 .011 1.026 LnLA -.034 .024 1.017 

LnCA .010 .000 1.677 LnCA .010 .000 1.594 

LnIR -.055 .908 55.202 LnLR .174 .299 1.709 

LnPOP -.806 .598 61.628 LnUF .807 .000 2.676 

LnGDP -1.385 .182 292.041 LnFDI .046 .170 3.606 

LnUF 2.323 .000 73.130 LnCBD -.046 .001 1.300 

LnFDI .025 .452 3.762 

LnCBD -.044 .001 1.309 

 

5.5. A Comparison of Dynamics behind Valuation Differentials in Three 

Sectors 

Having tested correlation and filtered highly correlated variables, an OLS was applied 

in each sector to capture the variables contributing to the valuation discrepancy 

between LBP estimates and LTP. Specifically, valuation differential between LBP 

estimates and LTP was employed as the dependent variable. Independent variables 

were those derived from section 5.4. Table 5.16 exhibited and compared the variables 

that influence the valuation accuracy in the residential, commercial and residential land 

market accordingly. Overall, the OLS model showed that the variables identified 

accounted for significant levels of explanation in all groups reflected by a statistically 

significant F-test. Specifically, 24.4% of the observed variation was explained by 

residential and commercial land markets, with a slightly higher percentage of 41.0% 

captured in the industrial market. A low R2, however, did not inherently impair a model, 

as important conclusions can be drawn based on the statistically significant predictors. 

Especially given the uncertainty nature in the field of social science, it was fairly difficult 

to make prediction, consequently resulting in a relatively low R2 value.  
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Table 5.16 Valuation Differential Dynamics in Residential, Commercial and Industrial Market  

 

Dependent Variable                                                
ΔV (negative differential)                                                           

Dependent Variable                                                  
ΔV (negative differential)                                                         

Dependent Variable                                                  
ΔV (positive differential)                                                         

  Residential Land (252)  Commercial Land (468)  Industrial Land (676) 

Multiple R 0.494     0.494    0.641   

R square 0.244     0.244   0.410   

Adjusted R square 0.216     0.229   0.403   

Std error of the estimate 1.323     1.133   2.323   

F test    8.683***       16.384***      53.038***   

Independent Variables 
(unstandardised) 

Estimated parameters   Estimated parameters  Estimated parameters 

Coef. t Sig.  Coef. t Sig.  Coef. t Sig. 

(Constant) 18.747 2.860 ***  11.117 2.629 ***  -37.530 -2.671 *** 
Land Indicators            
Land Grade 0.069 0.741   0.065 1.303   -0.717 -10.461 *** 
lnFAR 0.138 0.555   -0.342 -3.525 ***  1.823 6.491 *** 
lnLA -0.258 -2.813 ***  -0.101 -1.938 *  0.169 1.921 * 
lnCA -0.016 -1.218   0.005 0.670   -0.049 -3.283 *** 
Economic Indicators             
lnLR -0.629 -0.844   0.509 1.015 *  -1.938 -1.942 * 
lnUF -1.076 -1.837   -0.471 -1.388   2.877 4.204 *** 
lnFDI 0.038 0.268   -0.089 -1.074   0.604 3.048 *** 
Locational Indicator            
lnCBD -0.229 -1.488     0.296 3.928 ***  0.130 1.647 * 
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Specifically, regarding residential land market, only constructed land area (lnLA) was 

found to be statistically significant in explaining valuation definitely. The negative sign 

demonstrated that an increasing the size of constructed land area tended to further 

decrease the negative valuation differentials, which, in turn, actually resulted in a 

decreased valuation accuracy. This was because residential land was in the high 

demand from the current market, reflected by the high level of transaction price (Figure 

5.2). As a result, the formula-driven LBP failed to accurately represent market 

transaction price, due to it incapability to capture the high market demand, leading to 

a large valuation differential. An increased LA in residential sector further enhanced 

this market demand. Valuation differentials, consequently, enlarged as a response that 

LBP was unable to represent market demand and, hence, market transaction price. 

Regarding commercial sector, FAR (-0.649) had a negative impact on the valuation 

differences at 99% level. This revealed FAR was a key factor influencing the Δ𝑉 where 

a higher building density increased the valuation margin of error, given the overall 

negative valuation differentials identified in the commercial land (section 5.3.2). Indeed, 

high density buildings were congested in the urban area in Beijing due to the large 

population and restricted land supply. Commercial development tended to have a 

higher FAR. It was regulated in the manual, an average “standard” FAR was 2.5 in 

commercial property, which was equivalent to an 18-level floor building. This 

subsequently influenced the ability of LBP to appraise. As a result, a higher FAR in a 

commercial development potentially created a bigger margin of error by LBP method, 

given the increasing complexity in land valuation associated with the higher FAR. 

Likewise, as observed residential sector, constructed land area (lnLA = -0.101) 

adversely influenced the valuation accuracy, indicating construction land area was 

also captured in the commercial market to increase the differences in valuation, due 

to its inability to represent market demand. 

In contrast, distance to CBD positively influenced the valuation margin, indicating a 

location that was further away from city core area tended to increase the negative 

valuation differentials, which, contrast to instinct, actually resulted in a decreased Δ𝑉. 

This was because of low average transaction prices in the areas that were further 

away from the CBD, due to a lower demand and competition and hence a lower 

transaction price. Moreover, the bank interest rate (lnLR = 0.509) showed a positive 
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effect on the valuation differentials, indicating an increased interest rate tended to 

reduce the valuation accuracy. As endorsed in the correlation analysis (section 5.4.2), 

bank interest rate illustrated a negative association with land transaction price. In other 

word, an increased interest rate led to a lower land transaction price, and hence a 

lower valuation differential. The evidence captured from CBD and interest rate further 

confirmed the fact that LBP was set too low in commercial sector, which brought the 

issues of LBP to accurately reflect a high level of market transaction price.  

Regarding industrial land market, all variables were found to be significantly significant 

in explaining the positive valuation differentials, reflecting a higher level of predictability 

in the land valuation process in LBP method due to its relatively market immaturity 

compared to residential and commercial markets. Specifically, the coefficient results 

showed that variables including land grade (-0.717), and compensation area (-0.049) 

had a negative impact on the valuation difference at a 99% level. Likewise, the bank 

lending rate (-1.938) adversely influenced the valuation accuracy at a 90% level. In 

contrast, other variables such as FAR (1.823), urban fixed asset investment (2.877) 

and FDI in real estate (0.604) showed a positive effect on the valuation differential at 

a 99% level, with constructed land area (0.169) and distance to CBD (0.13) being 

positive at a 90% level.  

The statistics revealed a few facts in the valuation practice. Firstly, when looking at 

construction land area (positive β) and compensation area (negative β) together, 

increasing the size of construction land coupled with decreasing the size of 

compensation areas for public infrastructure development, public amenities and open 

space reservation jointly led to a greater ΔV. As indicated in Equation 5.1, an enlarged 

ΔV meant an increase in LBP appraisals and/or a decrease in transaction price. In 

other words, the results confirmed that a parcel of land with more construction use and 

less public amenities would be transacted in a low price. This low market transaction 

price could be largely due to the consideration of environmental impact of an industrial 

development over the long term. In contrast, however, the corresponding appraisal 

price would increase under the formula-driven LBP system, given that the formula 

gave more value and weighting to the construction land area than the environmental 

impact. This showed that the formula-driven LBP method largely focused on the 
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indicators that can be expressed in numbers, whereas those non-numerical expressed 

influencing factors such as environmental impact were much less considered. 

 

       Δ𝑉 ↑=
𝐿𝐵𝑃𝑎𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙−𝐿𝑎𝑛𝑑𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑃𝑟𝑖𝑐𝑒

𝐿𝑎𝑛𝑑𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑃𝑟𝑖𝑐𝑒
=

𝐿𝐵𝑃𝑎𝑝𝑝𝑟𝑎𝑖𝑠𝑎𝑙↑

𝐿𝑎𝑛𝑑𝑇𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑃𝑟𝑖𝑐𝑒↓
− 1    5.1 

 

Secondly, a paradox was shown when looking at land grade (negative β) and distance 

to CBD (positive β) together. Both variables were indicative of the relationship between 

ΔV and the distance to urban CBD, but different results were displayed. Specifically, 

a decrease in land grade (which was represented by the locations that are closer to 

city core area) increased ΔV; whereas a decrease in distance to CBD reduced ΔV. 

The conflicting outcome could be interpreted as the inability of LBP to guide land prices 

in the locations that were either close to central area or were further away in city 

peripheral area; or there might exist mis-guiding land grades in representing land 

transaction price. Given that LBP was a highly idealised and conceptualised mass 

pricing model, it was only expected to generally represent the land price in each land 

grade. Although adjustments were made accordingly in different land parcels for 

appraisal purpose, more valuation uncertainty would be encountered when it came to 

the city fringe area, with a reduced amount of development and fewer transactions, 

which weakened the market transparency and information accessibility. The formula-

driven LBP method, therefore, could produce less accurate appraisals in such markets 

with more fluctuation and uncertainty. Thirdly, FAR revealed the fact that a higher FAR 

exhibited an increased valuation differential in industrial market, as it was observed in 

commercial market, indicating the inability of LBP to appraise a higher density with 

complexity land valuation.    

In addition, urban fixed asset investment and FDI in real estate, reflecting the potential 

of land supply given fixed investment was normally the accumulation of physically 

assets such as land, promoted the valuation differentials, evidenced by the positive β 

(lnUF = 2.877***, lnFDI = 0.604***) in each indicator. Statistically speaking, an 

increased valuation differential gap was equivalent to either a high LBP appraisal or a 

low transaction price (Equation 5.1). Since the LBP manual did not instruct the 
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relationship how the land supply altered the LBP appraisal, this research found a 

strong negative relationship between the increasing land supply and its associated 

decrease in market transaction price. As urban land economics suggested, price in 

the market was determined by demand and supply where the large increase in land 

supply should lead to a fall in land prices (Harvey and Jowsey, 2004). The OLS results 

implied that the relationship in Beijing residential land market was as expected. 

Furthermore, an increased interest rate adversely reduced the valuation differentials 

in industrial sector (lnLR = -1.938***), due to the negative association demonstrated 

between IR and LTP.  

5.6. Industrial Development Zones Analysis 

As it appeared in industrial sector that LBP was effectively acting as means of 

standardising valuations for a given land grade that valuation inaccuracy tended to 

occur where the land did not fit into that land grade profile.  One specific characteristic 

by which the industrial land market differed from the rest was that industrial land (with 

similar purposes) tended to be transferred and developed in aggregation in different 

clustered development zones for better productivity (Huang et al., 2017). It was, 

therefore, important to analyse industrial land by these clustered development zones. 

To gain an appreciation of the geographical distribution, the transactions were 

categorised by land development zones from 2010-2013 and 2014-2017 (Table 5.17). 

A total of 12 geographical development zones were captured, taking up nearly three-

quarters of the total transactions. The remaining were individual industrial land 

development outside the designated development zones with less than ten 

transactions, which were categorised into Small/None group (referred to as the ‘S/N’). 

Beijing Economic-Technological Development Area (BDA) and Daxing Biology 

Medical Company Industrial Base (BIO) are national level development zones, which 

enjoy priority development from the government with both improved business 

environments and tax incentives, having attracted many foreign investments. As a 

result, most land developments occurred in BDA and BIO (a total of 86 and 62 

transactions were identified accordingly from 2010-2017).  

 



159 
  

Table 5.17 Industrial Land Transactions Breakdown by Development Zone 

 2010 2011 2012 2013 2014 2015 2016 2017 Total 

BDA 19 20 16 15 6 4 6 5 91 

BIO 5 21 9 5 9 13 -   62 

ECOMY 12 5 3 7 - 1 -   28 

ECOTZ - 8 4 - - - -   12 
HIMAN 3 - - 13 7 - 3 1 27 
VESY 10 3 1 1 - - -   15 

NEWPETR - - 3 2 4 3 2   14 
MJQ 6 5 12 - - 2 -   25 
XHM 1 6 3 2 - - -   12 

SYN - 7 6 5 2 - - 1 21 

PGN 2 2 4 6 1 - 1   16 

ZGCCP 6 5 1 - - - -   12 

S/N 25 35 27 24 8 - 1 2 122 
Total 89 117 89 80 37 23 13 9 457 

 

Figure 5.8 Major Industrial Development Zones in Beijing 

                Source: adapted from Scout Real Estate, 2020 
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The rest are provincial-level industrial development zones which focus on the different 

aspects of the development in different districts (Zweig, 2002). For example, Miyun 

Economic Development Zone (ECOMY) and Tongzhou Economic Development Zone 

(ECOTZ) are economic focused in Miyun and Tongzhou District. High-end 

Manufacturing Base (HIMAN), Shunyi Morden Vehicle Industry Base (VESY) and 

Beijing Petrochemical New Materials Technology Industry Base (NEWPETR) focus on 

science and technology innovation. Whereas Majuqiao Technology Base (MJQ), 

Xihongmen Industry Base (XHM), Shunyi New Town (SYN) and Pinggu New Town 

(PGN) are regional technology and logistics base, which mostly attract local 

investment and tends to be less regulated resulting in reduced international investors 

and fewer land transactions.  

Regarding the transaction spread, some of the zones (such as ECOMY, ECOTZ, 

VESY, etc.) exhibited the most transactions before 2014 for the purposes of nurturing 

new and emerging industries and serving as local logistic base. In contrast, other 

zones (highlighted in grey) with the better business environment and tax incentives in 

new technology innovation had an even spread of transactions throughout 2010-2017. 

The reduced number of transactions in specific land development zones after 2014 

indicated the government development priorities had shifted from focusing on the 

emerging industry for local development to advanced innovation. This reduction was 

in line with the central government twelfth (2011-2015) and thirteenth (2016-2020) Five 

Year Plans, which directed the priority investment to developing manufacturing for 

advanced materials, as well as innovation in renewable energy. The following analysis 

focused on the highlighted zones due to the consistent land transactions throughout 

the study period, which enabled comparison with the land grade changes and 

valuation accuracy by the LBP method between 2010-2013 and 2014-2017.  

As discovered in industrial OLS results, land grade was a key factor which increased 

the valuation differentials between appraised and transacted price. Table 5.18 

compared such changes in the selected four zones. Although the grades of four areas 

were all degraded to a higher grade due to city expansion, the land benchmark price 

changed differently. Specifically, BDA used to belong to land grade 2 in 2002 with an 

LBP of 1,110 RMB/m2, whereas the 2014 LBP reallocated BDA into land grade 7 with 

an LBP of 1,080 RMB/m2. In BDA, LBP decreased by 30 RMB/m2 (2.7%) from 2002 
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to 2014. In contrast, BIO, HIMAN and NEWPETR had an increased LBP by 420 

RMB/m2 (76.4%), 475 RMB/m2 (172.7%) and 340 RMB/m2 (82.9%) respectively. 

These shifts, consequently, influenced the valuation accuracy observed in the different 

land categories.  

Table 5.18 Land Grade Change in Selected Zonings 

 LG in 
2002 

LG in 
2014 

+/- 
Change 

LBP in 
2002 
(RMB/m2) 

LBP in 2014 
(RMB/m2) 

+/- Change 

BDA 2 7 ↓5 
grades 

1,110 1,080 ↓30 
RMB/m2 

BIO 5 8 ↓3 
grades 

550 970 ↑420 
RMB/m2 

HIMAN 7 9 ↓2 
grades 

275 750 ↑475 
RMB/m2 

NEWPE
TR 

6 9 ↓3 
grades 

410 750 ↑340 
RMB/m2 

 

As shown in Table 5.19, an improved valuation accuracy was observed in BDA and 

BIO before/after land grade shifts. Before 2014, there was no LBP appraisals falling 

within the accepted margin of error of ±20% in BDA and only one land appraisal fell 

within the accepted bracket in BIO. After the updated LBP with re-allocated land 

grades as well as the associated updated land benchmark price in 2014, 76% and 86% 

of the LBP appraisals lay within a margin of error of ±20% in BDA and BIO respectively. 

In contrast, NEWPETR used to have relatively accurate LBP appraisals in that all of 

the land assessments fell within the range of ±15% - ±20% before 2014. However, the 

re-allocation of LBP in 2014 altered the valuation accuracy NEWPETR with the 

majority (89%) now falling into ±30% - ±40% accuracy bracket. The land grade shifted 

in HIMAN, however, did not improve the valuation accuracy with the majority still lying 

in outside ±40% before and after 2014 (100% and 73% respectively). 

Such re-allocation of the land grades by the government indicated that the accuracy 

of the LBP to represent the industrial land transaction price depended on the land 

grades and whether the industrial development zones were allocated to the 

appropriate land grades. Theoretically, the LBP was assessed based on the previous 

land transactions and should reflect the average land transactions in the same land 
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grade. However, in practice, the land grade changes and the corresponding 

adjustments in the land benchmark price enforced by the government due to the city 

expansion were likely to distort the price mechanism in LBP. These frequent changes 

in the land grades would make the LBP for a specific land plot non-comparable with 

each other. Consequently, the LBP cannot represent the regional land price in a 

consistent way. For example, each land grade and its associated LBP could not 

always represent the same location. In addition, the re-allocation of the land grades 

also implied that there was systematic bias in the LBP where certain locations were 

mis-matched into a wrong land grade. This was especially prevalent, where the 

boundary of each land grade depended on specific geographical divisions instead of 

the market transaction price. The resulting small changes in LBP based on land grade 

variations would generate very different appraisal values. This was because the land 

grade formed as the basis of LBP method and change of land grades was enforced 

by the government without conversing the market transaction prices. However, it was 

an inevitable situation especially in developing countries that the land grades were 

more frequently expanded due to the fast urbanisation. To overcome the problems 

identified above, LBP was desired to be updated more frequently to be able to reflect 

the market movement, as well as the city expansion. In addition, in terms of the scope 

of land grade, it was desired to be allocated according to the market transaction price 

rather than based on geographical divisions. In doing so, each land grade would share 

a more similar land price and the LBP can consequently represent the regional price 

in a better way, resulting in a more accurate valuations using the LBP method. Chapter 

7 of this thesis addressed the issues of land grades by looking at land divisions based 

on market transaction prices.  
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Table 5.19 Valuation Accuracy before/after 2014 by Development Zones 

Zones Year LG ±5% 
±5%-
±10% 

±10%- 
±15% 

±15%- 
±20% 

Sum within 
accepted 
±20% 

±20%- 
±30% 

±30%- 
±40% 

>±40% 

Zone1: 
BDA 

2010 – 2013 2              70 100% 

 2014 – 2017 7 4 19% 6 29% 3 14% 3 14% 76% 2 10% 1 4% 2 10% 

Zone2: 
BIO 

2010 – 2013 5     1 2%   2% 3 8% 2 5% 34 85% 

 2014 – 2017 8 10 45% 6 27% 2 9% 1 5% 86%   1 5% 2 9% 

Zone4: 
HIMAN 

2010 – 2013 7         0%     16 100% 

 2014 – 2017 9         0%   3 27% 8 73% 

Zone10: 
NEWPET
R 

2010 – 2013 6       5 100% 100%       

 2014 – 2017 9       1 11% 11%   8 89%   
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5.7. Summary  

This chapter examined valuation accuracy in terms of identifying the margin of error, 

correlation analysis and OLS analysis in residential, commercial and industrial land 

markets. Section 5.2 summarised the market overview in each sector. Regarding the 

land transaction volumes, the three individual land market exhibited different 

characteristics in land transaction volumes, reflecting the government intervention in 

controlling the release of land supply. Specifically, both residential and commercial 

markets experienced an increase in open market transactions after the negotiation of 

LURs in residential and commercial land markets was prohibited in 2002. However, 

the commercial market was characterised by steady increase in land transactions due 

to the steady growth economic policy after financial crisis, followed by gradual 

decrease after 2011 as a result of the land supply restrictions. The residential land 

market, in contrast, experienced a pronounced fluctuation characterised by sudden 

dramatic growth and drops in land transaction volumes. Such volatility in land supply 

was supported by the literature as the government intervention in land markets and 

especially the sudden change in land supply was regarded as a result of governmental 

land hoarding behaviour, which aimed to increase regional income from residential 

land. The industrial land market, on the other hand, displayed a steady increase after 

the prohibition of private negotiation in industrial land after 2007. The land transaction 

volumes, similarly, experienced a gradual decrease after 2010 due to the government 

intervention in land supply.  

Regarding the average transaction prices, residential and commercial markets shared 

similar trend in land transactions where the period of 2002 – 2011 observed a relatively 

stable price, followed by an increase between 2012 and 2016. The average land 

transaction price in 2017, however, saw different trend in commercial and residential 

markets, with the former experiencing a pronounced increase whereas the latter a 

sudden decrease. The industrial land price remained rather static compared to 

commercial and residential markets. The histograms of three markets further 

displayed the results with the most transaction prices clustered on the left side, a 

further indication of the government intervention to control the surging land prices. 

Section 5.3 empirically identified the margin of error in each sector. Specifically, both 

commercial and residential markets showed a significant negative valuation 
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differential, where the LBP appraisals were substantially below the market transaction 

price, whereas the industrial market experienced a pronounced positive valuation 

differential. The update of LBP in 2014 showed some improvement in land appraisals 

evidenced by the slightly increased number falling within ±20%. However, such 

improvement soon disappeared over time. In addition, the combination tables with 

ΔVmin or ΔVmax demonstrate the incapability of the LBP to mimic the market in land 

valuations, which indicated pitfalls in relying solely on the overly formulaic LBP method 

to appraise land in China.  

Section 5.4 demonstrated the association between land transaction price and land 

attributes, wider financial and locational indicators. The results indicated that the 

market transaction price was a complicated composition that was affected by not only 

the government opinion on land price but also market forces, wider economic swings 

as well as the inherent heterogeneity of land derived from location in each sector. 

Furthermore, LBP was also captured to have a close relationship with wider economic 

environment, indicating that LBP should reflect the adjustment of financial indicators, 

which was missing in the present practice. 

Section 5.5 further employed OLS to investigate the dynamics behind valuation 

differentials, by demonstrating the following key results in current valuation practice. 

• The formula-driven LBP was unable to reflect the market demand, which, 

consequently, brought issues in valuation accuracy. LBP method showed 

deficiency when there was a high level of market demand, resulting in a high 

degree of valuation differentials. 

• The LBP method tended to function better with less complex valuation 

characterised by a low building density (FAR), which demonstrated its limitation 

in land valuation. 

• The formula-driven LBP largely focuses on the indicators that can be expressed 

in a numerical way, whereas those non-numeric expressed influencing factors 

such as environmental impact are much less considered given that any 

modification based on personal experience cannot exceed certain ranges.  This 

can cause a disparity between how a developer and the government consider 

aspects such as green space and density within their price constructs. 
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Moreover, the industrial development zones analysis in section 5.6 showed that the 

success of the LBP in valuing the industrial land depended on the land grades and 

whether the industrial development zones were allocated to the proper land grade. 

However, given that the LBP was formed based on the market mechanism whereas 

the land grade was allocated by the government based on geographical divisions, it 

was inevitable that some systematic bias would exist in the LBP where certain 

locations continue to be mis-matched to the wrong land grades. Therefore, it was 

crucial to allocate the development zones into the appropriate land grades through 

considering the future growth of the city to ensure that the variation in the land grade 

did not occur due to changes in infrastructure provisions or the local environment as 

a result of city expansion.  

It was advised that the land grade should be allocated according to the market 

transaction price instead of these geographical divisions. In doing so, each land grade 

should share a similar land price and the LBP can consequently represent the regional 

price more accurately, resulting in a more accurate valuation using the LBP method 

(Chapter 7). In addition, LBP was desired to be updated more frequently considered 

necessary to be able to accurately reflect market movements, as well as city 

expansion.  Chapter 6, consequently, looked at the temporal dynamics behind LBP 

method, and aimed to suggest a regular update frequency for each market.  
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Chapter 6 A Time-series Modelling Analysis of 

Pricing Mechanism of LBP 
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6.1. Introduction 

The preceding chapter examined the descriptive analysis of the residential, 

commercial and industrial land markets in Beijing (Section 5.2). This was followed by 

an empirical investigation of valuation accuracy (section 5.3), which looked at the 

correlation analysis (section 5.4) and examination of dynamics of margin of error 

between LBP estimates and the actual market transaction price (section 5.5) in the 

three sectors. The findings showed a large and systematic valuation discrepancy in 

LBP method, which can be attributed to land-specific variables, the wider economic 

environment as well as locational features all of which interact over time and across 

space (i.e. land grades). Therefore, the local policies and instructions on land 

management need to be more temporally and spatially orientated. 

This chapter further investigates the temporal nature of the interaction between LBP 

estimates, land transaction prices and government released land price index, in terms 

of their long-run equilibrium relationship, short-run dynamics and the direction of 

causality, in three land sectors. The structure of this chapter is shown in Figure 6.1.  

Section 6.2 applies the time series technique (autoregressive distributed lag – bounds 

approach) to discern the long-run equilibrium relationship and short-run dynamics of 

the constructed real estate indices (section 6.2.1) in three submarkets of residential 

(section 6.2.2), commercial (section 6.2.3) and industrial land (section 6.2.4). Section 

6.3 focuses on the lead-lag direction of the causal relationship among the real estate 

indices. Section 6.4 summarises the chapter.  
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Figure 6.1 Structure of Chapter 6 
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6.2. Application of ARDL Modelling  

As Granger and Weiss (1983) identified, co-integration takes place when the time 

series of interest show a common stochastic trend, although there might be a short-

run deviation. Therefore, the subsequent analysis of this section focused on the co-

integration of the price indexes to empirically analyse the long-term relationship and 

short-term dynamic interaction among the variables of interest (LTPI, LBPI and GOVI) 

in each land market. According to Pesaran et al. (2001), two steps were involved in 

the ARDL model, with the first step testing the existence of a long-run relationship 

among the variables in the system (i.e. bound tests) and the second investigating the 

long-run relationship and short-term causality. However, the second step is only viable 

when the long-term relationship (i.e. co-integrating equation) is found (Shahbaz et al., 

2008).  

In this time series analysis, unit root tests were first carried out to verify the order of 

integration in each time series variable by a conventional method of augmented 

Dickey-Fuller (Table 6.1). The results showed that all three time series in the natural 

logarithm form within each sector were mixed with I(0) and I(1) process. Specifically, 

in residential and commercial market, LTPI and GOVI were stationary after first 

difference, while LBPI did not contain any unit root which was stationary in level. In 

industrial market, variables were mixed with a combination of I(0) for LTPRI and I(1) 

for LBPI and GOVI. This mixed integration of time series further validated the necessity 

of ARDL approach for co-integration investigation, given other methods such as VECM 

required all the variables strictly stationary after first difference.  A further Bounds Co-

integration test21 was conducted to conclusively determine whether the series were 

co-integrated in each sector and test the existence of long-run relationship. 

 

 

 

 
21 the Bounds Co-integration test is proposed by Pesaran et al. (2001). Null hypothesis assumes there is no co-

integration equation among variables. Null cannot be rejected when F-statistics is lower than the critical value for 

I(0) bound; null is rejected when F-statistics is higher than the critical value for I(1). 
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Table 6.1 Results of Unit Root Tests – Augmented Dicker-Fuller  

 Variables in Level 
(t-Statistic) 

Variables in First Difference 
(t-Statistic) 

Unit Root Result 

Residential Market  
lnLTPI_R 0.742 -8.651* I(1) 
lnLBPI_R -3.586* -11.711* I(0) 
lnGOVI_R -0.994 -10.483* I(1) 
Critical values:    
1% level -3.503   
5% level -2.893   
10% level -2.584   
Commercial Market   
lnLTPI_C -2.194 -17.160* I(1) 
lnLBPI_C -9.491* -10.063* I(0) 
lnGOVI_C -1.417 -12.585* I(1) 
Critical values:    
1% level -3.481   
5% level -2.883   
10% level -2.578   
Industrial Market  
lnLTPI_I -7.312* -8.722* I(0) 
lnLBPI_I -1.160 -9.837* I(1) 
lnGOVI_I -0.387 -10.015* I(1) 
Critical values: 
 

   

1% level -3.505   
5% level -2.894   
10% level -2.584   

 

6.2.1. Cointegration Bounds Test 

Having acknowledged that the variables were integrated of mixed orders, the 

autoregressive distributed lag (ARDL) co-integration approach was applied. To test 

the existence of long-term equilibrium relationship (co-integration) between LTPI, LBPI 

and GOVI in each sub land market, the F-Bounds test proposed by Pesaran et al., 

(2001) was employed in the thesis. The null hypothesis assumes there is no 

cointegration equation between the variable by testing the lagged level variables (i.e. 

H0: 𝑏1𝑖 = 𝑏2𝑖 = 𝑏3𝑖 = 0), against the alternative hypothesis (H1: 𝑏1𝑖 ≠ 𝑏2𝑖 ≠ 𝑏3𝑖 ≠ 0). The 

decision criteria for a bounds test is to compare the computed F-statistics with the 

lower bound I(0) and upper bound I(1) at 10%, 5%, 2.5% or 1% level. The lower bound 

is based on the presumption that all the variables calculated in the ARDL model are 

integrated at I(0) process, while the upper is calculated assuming all the variables 
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included in ARDL are at I(1) process (Adeleye et al., 2018). A co-integrating equation 

can be concluded if the calculated F-statistics is greater than the critical value for the 

upper bound I(1), whereas there is no co-integration when the F-statistics is lower than 

the critical value for the lower bound I(0). When the F-statistics lies between I(0) and 

I(1), the co-integration test is considered inconclusive22. In order to keep consistency, 

this thesis uses the rejection criteria at 5% level. 

The comparison of co-integration results was shown in Table 6.2 where the market 

transaction price in each sector was treated as a dependent variable. The findings 

indicated the null hypothesis of no co-integration was rejected at 5% level, as the F-

statistics of all three models clearly outstripped the upper bound I(1) value. The results 

revealed that the coalition of LBP and government land price index had a formative 

effect on the market transaction price in the long term in all of three sectors.  

Table 6.2 F-Bounds Test for Co-integration, 2002:1 – 2017:12 

ARDL Specification Value Co-
integration  

Residential Market   
F(lnLTPI_R | lnLBPI_R | lnGOVI_R) ARDL (1,2,0) 18.103 √ 

Commercial Market    
F(lnLTPI_C | lnLBPI_C | lnGOVI_C) ARDL (3,3,3) 20.052 √ 

Industrial Market   
F(lnLTPI_I | lnLBPI_I | lnGOVI_I) ARDL (1,0,0) 27.761 √ 

Decision criteria  
 

   

I(0) at 5% 3.79   

I(1) at 5% 4.85   

 

In order to parse the effects in different time periods after LBP was updated, the data 

was further split into two separate time intervals, January 2002 – December 2013, and 

January 2014 – December 2017 (Table 6.3). While the residential land transaction 

prices still remained influenced by the dual effects of LBP and GOVI with both 2002 

LBP and 2014 LBP, this long-run relationship ceased in commercial land market after 

 
22 When the null hypothesis becomes inconclusive, the long-run relationship can be further clarified by using 

Johansen’s Co-integration test or checking the constancy of the co-integration space. However, since this is not 

the case, this thesis does not specify more details about dealing with inconclusive results. For more information, 

please refer to Johansen (1995) and Brown et al. (1975). 
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2014. This suggested to the continued use of LBP for land valuation in the commercial 

sector was unnecessary as major adjustments must be made to the LBP to reflect the 

LTP. Inevitably, LBP was unable to reflect the complexities of commercial land 

valuation in terms of multi-functional development with mixed uses and sustainability 

issues. Furthermore, the results indicated a maturing process in commercial land 

market started to emerge where the market transaction price progressively became 

less influenced by government control under LBP and GOVI. As a result, the overly 

simplistic concept of a formula-driven method of LBP begins to fail to meet the 

requirements of current land valuation in the commercial market. Although the 

literature in the early stages of LBP implementation advocated such a price guideline 

system in the transitional period for better control of the market, it would become 

troublesome to continue the use of LBP.  In this regard, the LBP would eventually lose 

the ability to represent the market transaction price due to market maturity and the 

increasing complexity in all of the sectors. Consequently, this would create the 

problem where the market transaction price enormously deviated from the LBP 

estimates, resulting a less accurate land valuation. In contrast, a strengthened control 

of the collective effect of LBP and GOVI on industrial land market was captured, 

evidenced by the emerging co-integration relationship even after the 2014 update.  

 

Table 6.3 F-Bounds Test for Co-integration, 2002:1 – 2013:12 and 2014:1 – 2017:12 

ARDL Specification Value Co-
integration  

Residential Market   
F2002-2013(lnLTPI_R | lnLBPI_R | lnGOVI_R) ARDL (1,3,3) 13.337 √ 
F2014-2017(lnLTPI_R | lnLBPI_R | lnGOVI_R) ARDL (2,2,2) 11.302 √ 

Commercial Market    
F2002-2013(lnLTPI_C | lnLBPI_C | lnGOVI_C) ARDL (3,3,3) 18.585 √ 
F2014-2017(lnLTPI_C | lnLBPI_C | lnGOVI_C) ARDL (3,3,3) 1.265 x 

Industrial Market   
F2002-2013(lnLTPI_I | lnLBPI_I | lnGOVI_I) ARDL (5,1,1) 1.702 × 
F2014-2017(lnLTPI_I | lnLBPI_I | lnGOVI_I) ARDL (1,0,0) 6.343 √ 

Decision criteria  
 

   

I(0) at 5% 3.79   

I(1) at 5% 4.85   
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6.2.2. Temporal Dynamics for Residential Market 

Table 6.4 demonstrated the long-term relationship of LTPI, LBPI and GOVI in 

residential market from 2003:1 – 2017:12. Similar to that observed in the commercial 

market, the government indirect intervention in terms of the pricing mechanism was 

also identified in the residential market, evidenced by the highly significant coefficients 

of LBPI (0.5666) and GOVI (1.3692) in the long run at 1% level. The co-integration 

equation inferred that a 1% increase in the LBPI led to a rise of 0.56% in residential 

land transaction price index, ceteris paribus. Likewise, a 1% increase in GOVI also led 

to 1.37% increase in land transaction price, ceteris paribus.   

 

Table 6.4 Long-run Coefficients for Residential Market, 2003:1 – 2017:12 

     
Variable Coefficient Std. Error t-Statistic Prob.    
     
     lnLBPIR 0.566675 0.158096 3.584365 0.0006 
lnGOVIR 1.369221 0.178161 7.685281 0.0000 
     
     CoinEq = lnLTPIR - (0.5667*lnLBPIR + 1.3692*lnGOVIR) 

 

The results of short-run dynamics were presented in Table 6.5. The model showed a 

R2 value of 0.5540 indicating the components account for around 55% of the changes 

in the market transaction price. The coefficient of lagged ECT was negative and 

statistically significant at 1% level, indicating a valid ARDL result. Specifically, almost 

73% of the disequilibrium of the previous month’s shock was corrected back to the 

long-run equilibrium in the current month. In terms of the short-run coefficients, only 

LBP was captured to have significant impact on the current market transaction price, 

and it took up to a month for LBP (ΔlnLBPIR𝑡−1) to affect the current price change of 

the residential land price.  
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Table 6.5 Short-run Coefficients for Residential Market, 2003:1 – 2017:12 

Dependent variable: ΔlnLTPIR𝑡  
Explanatory Variable Coefficient (t-statistics) 

C 1.3901 (7.3576***) 

Short-run estimates 
 
ΔlnLBPIR𝑡  0.4046 (5.3412***) 
ΔlnLBPIR𝑡−1 -0.1570 (-2.2706***) 

Adjustment 
 
ECTt-1 -0.7306 (-7.4519***) 

 
Obs. 

 
95 

R2 
 

0.5540 

  
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.8270 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.3397 

ECT = lnLTPIR - (0.5667*lnLBPIR + 1.3692*lnGOVIR) 

To identify the effects of LBP and GOVI on the residential market price in different time 

periods, Table 6.6 compared the long-run co-integration relationship before and after 

2014 LBP. The findings revealed a stronger pricing mechanism impact of LBP and 

GOVI on land transaction price in residential market in relative to commercial market, 

as the long-term co-integration relationships were captured both before and after 2014 

LBP update. Evidenced from the long-run co-integration equations, the administrative 

benchmark price still shaped the market transaction price after 2014, although the 

influence had reduced from 0.4742 to 0.3431, whereas such effect from LBP in 

commercial market was discontinued. Likewise, GOVI also displayed a decreasing 

effect on the market transaction price before (1.289) and after (0.5953) 2014, showing 

that the market forces were starting to shape land values within the range of 

administrative pricing mechanism of LBP and GOVI. 
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Table 6.6 Comparison between Long-Run Coefficients before/after 2014, Residential 

Market 

 
Long-Run Relationship Coefficients 
2003:1 – 2013:12 

Long-Run Relationship Coefficients 
2013:1 – 2017:12 

Variable Coef. 
Std. 
Error t-Statistic Prob. Coef. 

Std. 
Error t-Statistic Prob. 

         lnLBPIR 0.4742 0.2284 2.0757 0.0420 0.3431 0.0990 3.4638 0.0085 
lnGOVIR 1.2893 0.1994 6.4657 0.0000 0.5953 0.2389 2.4914 0.0374 
         
         CoinEq = lnLTPIR - (0.4742*lnLBPIR + 1.2893*lnGOVIR ) ………2003:1 – 2013:12 
 

CoinEq = lnLTPIR - (0.3432*lnLBPIR + 0.5953*lnGOVIR ) ………2014:1 – 2017:12  

 

Table 6.7 demonstrated the short-run dynamics for the periods of 2003:1 – 2013:12. 

The model showed a R2 value of 0.6660, suggesting that the estimated equation 

explained 66% of the variation of changes in the market transaction price. The 

coefficient of ECTt-1 was between -1 and 0 and statistically significant at 1% level, 

indicating a valid result from the model. The coefficient of ECTt-1 showed that 71% of 

the disequilibrium of the previous month’s changes in market transaction price 

adjusted back to the long run equilibrium in the current month.  

Regarding the short-run variables, the market transaction price was strongly predicted 

by both LBP and GOVI. Specifically, in the first implementation of LBP between 2002 

and 2013, the estimates were found to influence the market transaction price up to two 

months, evidenced by the statistically significant coefficient of  ΔlnLBPIR𝑡−2 at 1% level. 

Judging from the coefficients, a 1% increase in the LBP estimates in the past two 

months led to 0.83% (0.6044 + 0.2259) in the current market transaction price. In 

addition, unlike what was observed in the commercial market where GOVI did not 

show any significance on the market transaction price in the short run, GOVI showed 

a stronger statistically significant influence on the residential market transaction price. 

This showed some interesting results. Since the residential market transaction price 

drifted the furthest from the LBP estimates and GOVI among the three sectors, this 

seemed that the residential market price was out of control from government pricing 

system. However, the short-run model indicated that both LBP estimates and GOVI 

had profound influences on the market price. Given GOVI was an annually released 

index, which would not change within two months, the negative impacts from first two 
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lags of GOVI can be interpreted as: the current market transaction can be negatively 

influenced by 4.8% (2.1044 + 2.7012) if GOVI remains non-changed for two months. 

Indeed, in a more active market where the market transaction price increases 

dramatically, an up-to-date GOVI is needed.   

Table 6.7 Short-run Coefficients for Residential Market, 2003:1 – 2013:12 

Dependent variable: ΔlnLTPIR𝑡  
Explanatory Variable Coefficient (t-statistics) 

C 1.4932 (6.6103***) 

Short-run estimates 
 
ΔlnLBPIR𝑡  0.6044 (6.6260***) 
ΔlnLBPIR𝑡−1 0.1787 (0.1261) 
ΔlnLBPIR𝑡−2  0.2259 (2.4056**) 
ΔlnGOVIR𝑡  0.9883 (0.9788) 
ΔlnGOVIR𝑡−1 -2.1044 (-2.0618**) 
ΔlnGOVIR𝑡−2 -2.7012 (-0.6737***) 

Adjustment 
 
ECTt-1 -0.7089 (-6.4251***) 

Obs. 73 
R2 0.6660 

  
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.6317 

Breusch-Pagan-Godfrey  p-value = 0.5496 
 

ECT = lnLTPIR - (0.4742*lnLBPIR + 1.2893*lnGOVIR ) 

 

The short-run model with truncated data of 2014:1 – 2017:12 (Table 6.8) showed a 

reduced adjustment speed (-0.3567), indicating the previous month’s deviation from 

long run equilibrium was corrected in the current period at a lower speed of 35.6%. 

This suggested the pricing system of LBP and GOVI started to achieve a decreasing 

impact on the market transaction price, compared to the power with adjustment speed 

of 66% before 2014.   
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Table 6.8 Short-run Coefficients for Residential Market, 2014:1 – 2017:12 

Dependent variable: ΔlnLTPIR𝑡  
Explanatory Variable Coefficient (t-statistics) 

C 0.0346 (0.1405) 

Short-run estimates 
 
ΔlnLTPIR𝑡−1 -0.1214 (0.2393) 
ΔlnLBPIR𝑡−1 -0.3371 (0.1412***) 
ΔlnGOVIR𝑡−1 2.0970 (2.8381) 

Adjustment 
 
ECTt-1 -0.3567 (0.2210***) 

 
Obs. 

 
21 

R2 
 

0.4312 

  
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.7823 

Breusch-Pagan-Godfrey  p-value = 0.6321 
 

ECT = lnLTPIR - (0.3432*lnLBPIR + 0.5953*lnGOVIR ) 

 

6.2.3. Temporal Dynamics for Commercial Market  

With the establishment of co-integration for the period from 2002 to 2017, the long-run 

level model was first estimated in the form of OLS (Table 6.9) in commercial sector. 

The market transaction price exhibited highly significant positive long-run effect on 

movements with both LBP (0.8563) and GOVI (1.4462) at 1% level. Since in the co-

integration equation, all indices were value-weighted and expressed in log forms, the 

coefficients can be interpreted as cross-elasticities (Tuluca et al., 2000). The 

coefficients inferred that a 1% increase in the LBP led to a rise of 0.86% in land 

transaction price, ceteris paribus. Likewise, a 1% increase in GOVI led to a rise of 

1.45% increase in land transaction price, ceteris paribus. Although the land price in an 

open market was determined by the interaction of demand and supply, the results 

revealed that the government also indirectly intervened the land prices through the 

regulated valuation method (LBP system) as well as socio-economic guidelines 

(government-published annually land price index) in the long run.  
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Table 6.9 Long-run Coefficients for Commercial Market, 2002:1 – 2017:12 

Variable Coefficient Std. Error t-Statistic Prob.    
          
lnLBPI_C 0.856263 0.211999 4.038990 0.0001 
lnGOVI_C 1.446250 0.279990 5.165357 0.0000 
     
     CointEq = lnLTPI_C - (0.8563*lnLBPI_C + 1.4462*lnGOVI_C )  
     

The short-run dynamics were exhibited in Table 6.10. Judging from the R2 value (63%), 

the ECM produced a reasonably good fit of the model, with 63% of the variation being 

explained in the urban land transaction prices. The coefficient of lagged error 

correction term (ECTt-1) was negative and statistically significant at the 1% level. A 

relatively high adjustment coefficient was obtained (0.6281 in absolute value), implying 

a faster adjustment process. Almost 63% of the disequilibrium of the previous month’s 

shocks in market transaction price adjusted back to the long run equilibrium in the 

current month by the collective effect of LBP system and GOVI in the commercial land 

market. Banerjee et al. (2001) justified a highly significant ECT further provided 

evidence of a stable long-term relationship. The coefficient of ECT in Table 6.10 was 

statistically significant at 1% level, further demonstrating the existence of a long-term 

relationship among the variables of interest.  

The short run coefficients in ECM further helped identify the impact of the LBP system 

and GOVI on the urban land transaction prices through the lead-lag relationship. In 

general, the signs and significance of the short-run dynamic impacts were maintained 

into the long-term. The LBP was observed to significantly influence the market 

transaction price both in long run relationship and short run dynamics. In contrast, 

GOVI was found to be significant in the long run relationship, but insignificant in the 

short run. The findings revealed that the updated LBP tended to have an immediate 

effect on the market transaction price, in the sense of increasing the transaction price. 

However, the market transaction price remained strong shaped under LBP and GOVI 

in the long run, which can reversely restrain the market price given both LBP and GOVI 

were increasing constantly under the market transaction price. Furthermore, from the 

short-run coefficients, the market transaction price was also found to be influenced by 

its historical price within last two months. Given the focus of this thesis was on the 

primary market transaction where there were no previous repeat transactions, it can 
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be interpreted as the market transaction price was also influenced by the historical 

price of comparables with similar condition within last two months.   

Table 6.10 Short-run Coefficients for Commercial Market, 2002:1 – 2017:12 

Dependent variable: ΔlnLTPIC𝑡 
Explanatory Variable Coefficient (t-statistics) 

C 0.0119 (0.1922) 

Short-run estimates 
 
ΔlnLTPIC𝑡−1  -0.3144 (-2.1639***) 

ΔlnLTPIC𝑡−2  -0.2671 (-2.1831***) 

ΔlnLBPIC𝑡  0.5043 (5.6403***) 

ΔlnLBPIC𝑡−1 0.1529 (1.1594) 

ΔlnLBPIC𝑡−2 0.0720 (0.5672) 

ΔlnGOVIC𝑡  0.4698 (0.2354) 

ΔlnGOVIC𝑡−1 -0.7157 (-0.3865) 

ΔlnGOVIC𝑡−2 -1.4037 (-0.7694) 

Adjustment 
 
ECTt-1 -0.6281 (-4.5671***) 

 
Obs. 

 
130 

R2 0.6366 

  
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.6015 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.9577 

ECT = lnLTPIC – (0.8563 lnLBPIC + 1.4462 lnGOVIC) 

Lastly, a diagnostic test was carried out to check the stability of the model. The 

Breusch-Godfrey LM for serial correlation and heteroscedasticity detection using the 

Breusch-Pagan-Godfrey test were performed. Under the null hypothesis of serially 

uncorrelated residuals, the Breusch-Godfry LM statistic (p-value > 0.05) displayed no 

statistical significance and failed to reject null hypothesis that the residuals were not 

serially correlated. Similarly, the null hypothesis of residual homoscedasticity failed to 

reject the null hypothesis, evidenced by the p-value (> 0.05) of the F-statistic of 

Breusch-Pagan-Godfrey test, indicating there was no presence of heteroscedasticity. 
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Table 6.11 displayed the long-term relationship in two distinct time intervals namely 

2002:1 – 2013:12, to parse the effects in different time span based on the LBP update. 

In the period of 2002:1 – 2013:12, both LBP (1.5686) and GOVI (1.4694) 

demonstrated a highly statistically significant long-run relationship with market 

transaction price at 1% level, with the signs and significance of the variables consistent 

with the full time period analysis. However, a much stronger impact of LBP (1.5686) 

on market transaction price was captured at 1% level, compared to that (0.8563) over 

the full 15 years period data. Likewise, GOVI also demonstrated a slightly higher 

coefficient (1.4694 compared to 1.4462) in the truncated period of 2002:1 – 2013:12. 

This indicated that in the early period of LBP practice in the commercial land market, 

market transaction price remained significantly shaped by the government price 

management strategies of LBP system. This finding was consistent with Ding and 

Knaap (2001) who argued the market price is consequently influenced by the 

benchmark restrictions.  

Table 6.11 Long-run Coefficients for Commercial Market, 2002:1 – 2013:12 

     Variable Coefficient Std. Error t-Statistic Prob.    
     
     lnLBPIC 1.568661 0.546008 2.872963 0.0050 
lnGOVIC 1.469461 0.413865 3.550576 0.0006 
     
     CoinEq = lnLTPIC - (1.5687*lnLBPIC + 1.4695*lnGOVIC )  
          

In terms of the short-run analysis with truncated data, Table 6.12 first demonstrated 

the short-run dynamics in commercial sector in 2002 – 2013, with Table 6.13 later 

illustrated short-term results in 2014 – 2017. Table 6.12 produced a reasonably good 

fit judging from the R2 value (0.6544), with 65% of the variation of the changes in 

market transaction price being explained. However, the historical transaction price 

which tended to impact the current price in the full sample analysis, demonstrated 

limited lead-lag (ΔlnLTPIC𝑡−1) significance at 10% level in the current price in the 

period 2002:1 – 2013:12. As it was comprehensively agreed that real estate price is 

fundamentally a function of the supply and demand, the transaction price over time 

hence represented the market demand relative to the changing supply (Ministry of 

Housing Communities & Local Government, 2018). The short-run model displayed a 

surprising result that the market forces tended to present moderate effects on the 
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transaction price under the administrative benchmark system. In addition, the LBP 

affected the commercial land market to a larger degree in the sense that a 1% increase 

in the benchmark price index (ΔlnLBPIC𝑡) led to a rise in market transaction price index 

by 0.76%. Furthermore, a fairly high adjustment speed was observed (0.6507 in 

absolute value), indicating that almost 65% of the disequilibrium of the previous 

month’s market price (LTPI) divergence adjusted back to the long run equilibrium with 

LBPI and GOVI in the current month, at the 1% level. Furthermore, the diagnostics 

test indicated a stable model with no presence of serial correlation (p-value > 0.05) or 

heteroscedasticity (p-value > 0.05) identified in the residuals.  

Table 6.12 Short-run Coefficients for Commercial Market, 2002:1 – 2013:12 

Dependent variable: ΔlnLTPIC𝑡 
Explanatory Variable Coefficient (t-statistics) 

C 0.0094 (0.1332) 

Short-run estimates 
 
ΔlnLTPIC𝑡−1  -0.2491 (-1.6964*) 
ΔlnLTPIC𝑡−2  -0.2038 (-1.3180) 
ΔlnLBPIC𝑡  0.7635 (5.4231***) 
ΔlnLBPIC𝑡−1 0.3209 (1.4911) 
ΔlnLBPIC𝑡−2 0.1645 (0.8026) 
ΔlnGOVIC𝑡  0.3395 (0.1495) 
ΔlnGOVIC𝑡−1 -0.7343 (-0.3397) 
ΔlnGOVIC𝑡−2 -1.1418 (-0.5380) 

Adjustment 
 
ECTt-1 -0.6507 (-4.0109***) 

 
Obs. 

 
98 

R2 0.6544 

Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.9968 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 

p-value = 0.8708 

ECT = lnLTPIC - (1.5687*lnLBPIC + 1.4695*lnGOVIC ) 

 

Table 6.13 produced a goodness of fit with a R2 of 0.7575, showing that nearly 76% 

of the variation of changes in market price were estimated. In addition, significance 

with the associated p-value of the short-run model indicated that the change in the 

present commercial land price was influenced by both historical price in the last two 

months as well as LBP. According to the coefficients, the power of historical market 
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price was stronger than the impact of the LBP on the current transaction price, in the 

sense that market price changes in the last two months negatively impact the current 

price by 1.47% (0.7414+0.7295) whereas there was only 0.3% positive influence from 

LBP. The results revealed that as the market matures, the market forces start to shape 

land values evidenced by the statistically significant lagged values of ΔlnLTPIC𝑡 . 

Although LBP still affected commercial land transaction price in the short term, the 

coefficient (0.3001) was much smaller compared to that (0.7635) of before 2014 period, 

presenting a reduced administrative effect of LBP on the market price.  

Table 6.13 Short-run Coefficients for Commercial Market, 2014:1 – 2017:12 

Dependent variable: ΔlnLTPIC𝑡 
Explanatory Variable Coefficient (t-statistics) 

C 0.0160 (0.1742) 

Short-run estimates 
 
ΔlnLTPIC𝑡−1  -0.7414 (-5.1706***) 
ΔlnLTPIC𝑡−2  -0.7295 (-4.6776***) 
ΔlnLBPIC𝑡  0.3001 (3.7229***) 
ΔlnLBPIC𝑡−1 0.1076 (0.8575) 
ΔlnLBPIC𝑡−2 0.0660 (0.5276) 
ΔlnGOVIC𝑡  4.2956 (1.0464) 
ΔlnGOVIC𝑡−1 -2.5531 (-0.8150) 
ΔlnGOVIC𝑡−2 -2.2448 (-0.6686) 

 
Obs. 

 
33 

R2 
 

0.7575 

  
Breusch-Godfrey LM (Serial Correlation) p-value = 0.7169 
Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.1807 

 

6.2.4. Temporal Dynamics for Industrial Market 

Table 6.14 displayed the long run relationship between LTPI, LBPI and GOVI in the 

industrial land market from 2008:1 – 2017:12. Unlike the commercial and residential 

market, the LBPI did not show a statistically significant impact on the market 

transaction price in industrial land in the long run. GOVI, on the other hand, 

demonstrated a positive relationship with land transaction price at the 1% level, in the 
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sense that 1% increase in the GOVI led to 1.42% increase in land transaction price, 

ceteris paribus.  

Table 6.14 Long-run Coefficients for Industrial Market, 2008:1 – 2017:12 

     
     Variable Coefficient Std. Error t-Statistic Prob.    
     
     LnLBPII 0.015439 0.064127 0.240753 0.8103 
lnGOVII 0.978773 0.303286 3.227225 0.0018 
     
     CoinEq = lnLTPII - (0.0154*lnLBPIR + 0.9788*lnGOVII) 

 

A short-run model was further shown in Table 6.15. The results demonstrated some 

significant differences from commercial and residential land market. The adjustment 

variable (-1.0011) suggested that the adjustment speed to long-run equilibrium was 

faster, where the industrial market transaction price adjusted to its realisation with a 

lag correcting a slightly more than 100% of the discrepancy between the long-run and 

short-run market transaction price within the period. Theoretically, the maximum value 

of an error correction term was -1, suggesting a full return to long run equilibrium from 

a possible short run distortion. However, the coefficient on the ECT was considered 

as dynamically stable when it was between [-2, 0] (Narayan, 2005; Loayza and 

Ranciere, 2006; Adeleye et al., 2018). This slightly higher than 100% adjustment rate 

to long-run equilibrium indicated that the feedback from pricing mechanism of LBP and 

GOVI was very effective in industrial land market and convergence to long-run 

equilibrium after a shock to the explanatory variables was instant for the market 

transaction price (Narayan, 2005). In addition, it also implied that the error correction 

process fluctuated around the long-term equilibrium, instead of “monotonically 

converging to the equilibrium path directly” (Narayan and Smyth, 2005).  
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Table 6.15 Short-run Coefficients for Industrial Market, 2008:1 – 2017:12 

Dependent variable: ΔlnLTPII𝑡  
Explanatory Variable Coefficient (t-statistics) 

C -0.3041 (-6.4355***) 

Adjustment 
 
ECTt-1 -1.0011 (-9.2326***) 

 
Obs. 

 
89 

R2 0.494895 

  
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.2333 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.5918 

ECT = lnLTPII - (0.0154*lnLBPIR + 0.9788*lnGOVII) 

 

Given a long-run co-integration relationship is captured (Table 6.3), Table 6.16 

displayed the short-run dynamics in industrial land market the period of 2008:1 – 2013: 

12. Judging from the R2 value, the model produced a reasonable fit which explained 

around 58% of the variation of the changes in market transaction price. In addition, the 

coefficients and the associated p-value of short-run model indicated that the change 

in current industrial land price was influenced by the historical price in the last four 

months, evidenced by all four statistically significant lagged differences of LTPI. On 

the other hand, both LBP and GOVI do not display any significant relationship with 

market transaction price in either long-run relationship or short-run dynamics.  
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Table 6.16 Short-run Coefficients for Industrial Market, 2008:1 – 2013:12 

Dependent variable: ΔlnLTPII𝑡  
Explanatory Variable Coefficient (t-statistics) 

C 0.0128 (0.3120) 

Short-run estimates 
 
ΔlnLTPII𝑡−1  -1.0540 (-8.2401***) 
ΔlnLTPII𝑡−2  -1.0471 (-6.0298***) 
ΔlnLTPII𝑡−3 -0.6412 (-3.4605***) 
ΔlnLTPII𝑡−4 -0.3419 (-2.4235**) 
ΔlnLBPII𝑡   -0.0959 (-1.1649) 
ΔlnGOVII𝑡   1.9590 (1.0965) 

 
Obs. 

 
61 

R2 
 

0.5858 

 
Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.8612 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.8367 

 

In relation to the long-run co-integration relationship with the truncated data after 2014 

(Table 6.17), the LBP still remained insignificant with market transaction price. GOVI, 

on the other hand, started to show a weak positive relationship with market transaction 

price, in the sense that 1% increase in GOVI led to 1.75% increase in the market 

transaction price index.  

Table 6.17 Long-run Coefficients for Industrial Market, 2014:1 – 2017:12 

     Variable Coefficient Std. Error t-Statistic Prob.    
     
     LnLBPII 0.023503 0.078376 0.299872 0.7674 
lnGOVII 1.753432 0.935144 1.875040 0.0755 
     
     CoinEq = lnLTPIC - (0.0235*lnLBPIC + 1.7534*lnGOVIC )  

Table 6.18 demonstrated the short-run dynamics after 2014. The adjustment speed 

was again slightly lower than -1 but fell within the dynamically stable range of [-2,0] 

(Adeleye et al., 2018). The coefficient of ECT suggested a faster adjustment rate to 
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long-term equilibrium, where nearly 104% of the discrepancy between the long-term 

and short-term transaction price are corrected within a month.  

Table 6.18 Short-run Coefficients for Industrial Market, 2013:1 – 2017:12 

Dependent variable: ΔlnLTPII𝑡  
Explanatory Variable Coefficient (t-statistics) 

C -0.6314 (-4.1305***) 

Adjustment 
 
ECTt-1 -1.0386 (-4.7020***) 

 
Obs. 

 
89 

R2 0.494895 

 
Durbin-Watson 
Jarque-Bera (Histogram Normality) 

 
1.915743 
p-value = 0.9275 

Breusch-Godfrey LM (Serial 
Correlation) 

p-value = 0.8140 

Breusch-Pagan-Godfrey  
(Heteroskedasticity) 
 

p-value = 0.8316 

ECT = lnLTPII - (0.0154*lnLBPIR + 0.9788*lnGOVII) 

6.3. Comparison of Short-term Granger Causality  

Although the above short-run analysis was carried out to deal with the dependence of 

one variable on other variables, it did not necessarily imply the direction of causation 

between variables of interest. The direction of the short-term causality between market 

transaction price, the LBP estimates and GOVI was therefore tested by the Granger 

Causality technique.    

As the granger causality test was sensitive to the choice of lag selection, a series of 

up to six lags were individually tested for the monthly data in residential land market 

(Figure 6.2). The results showed a bi-directional association between LTPI and LBPI, 

illustrating that the market transaction price impacted on LBP estimates, which 

subsequently proved a feedback loop. The finding indicated a stronger 

interrelationship in the residential market where market transaction price and LBP 

estimates enjoyed a mutual influence on each other in the short-term over the four 
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lags, indicating a quarterly update of LBP might be appropriate for commercial land 

market.  

In addition, the results displayed a unidirectional relationship between LTPI and GOVI, 

where GOVI Granger caused market transaction price for up to six months but not vice 

versa. The results confirmed that the market transaction price was influenced by the 

pricing mechanism of both LBP system and government released land price index.  

Furthermore, GOVI unidirectional Granger caused LBPI for up to four months. This 

was due to the fact that LBP estimates were based on the land price index, so that 

any immediate change in GOVI can lead to different valuation results based on LBP 

estimates. 

Figure 6.2 Lead-lag Causality Relationship for Residential Market 

 

 

 

 

 

 Lags (F-statistics) 
Granger causality test 2 3 4 5 6 

 
LBPIR → LTPIR 

 
2.8275* 

 
2.2533* 

 
2.1852* 

 
1.5460 

 
1.4128 

LTPIR → LBPIR 4.3764** 2.6144* 2.1983* 2.1790* 2.1229* 
GOVIR → LTPIR 10.1967*** 5.7502*** 2.9890** 1.4282 1.8520* 
LTPIR → GOVIR 0.0713 0.4264 0.4575 0.6413 0.9645 
GOVIR → LBPIR 5.4025*** 2.9452** 2.1327* 1.8004 1.7864 
LBPIR → GOVIR 0.2191 0.3497 0.2554 0.3072 0.4557 

 

Note: → denotes “does not Granger cause”; * significant at the 90% level; ** at the 95% 

level; and *** 99%.  

 

LTPIR 

LBPIR GOVIR 
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The Granger causality findings over a number of six monthly lags in commercial 

market were presented in Figure 6.3. A different pattern of causality relationship in 

relation to residential land was observed. The results exhibited a unidirectional 

relationship between land transaction price and LBP estimates, where LTPI Granger 

caused LBPI for up to six months but not vice versa. This inferred that the movement 

in market transaction price influenced the compilation of LBP, but the changes of 

commercial land transaction price was not Granger caused by the change in LBP in 

the short term. Given LBP did not show a feedback impact on land transaction price, 

it was suggested by this thesis to either put a halt of LBP method on commercial land 

valuation, or immediately update new version of LBP for commercial sector.   

Figure 6.3 Lead-lag Causality Relationship for Commercial Market  

 

 

 

 

 

 Lags (F-statisitcs) 
Granger causality test 2 3 4 5 6 

 
LBPIC → LTPIC 

 
1.3530 

 
0.3607 

 
0.8499 

 
0.7495 

 
0.5841 

LTPIC → LBPIC 4.0027** 2.1418* 3.4172** 2.3233** 1.9400* 
GOVIC → LTPIC 14.6091*** 4.3006*** 3.1194** 2.7625** 3.0326*** 
LTPIC → GOVIC 0.9244 5.1903*** 6.2030*** 4.9765*** 4.1817*** 
GOVIC → LBPIC 4.1463** 1.5822 1.2455 0.6940 0.6318 
LBPIC → GOVIC 
 

0.4448 1.9336 2.8149** 2.1964* 1.7406 

Note: → denotes “does not Granger cause”; * significant at the 90% level; ** at the 95% 

level; and *** 99%.  

In addition, with regards to LPTI and GOVI, there was a more complex short-term 

association. The level of GOVI Granger caused LTPI, where LTPI did not Granger 

LTPIC 

LBPIC GOVIC 
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cause GOVI after two lags but did from three to six periods. This suggested that GOVI 

conditioned LTPI, with the latter impacting on former only after a period of adjustment.  

Furthermore, the results showed a bi-directional association between LBPI and GOVI, 

where GOVI Granger caused LBPI for only a lag of two, and LBPI Granger caused 

GOVI between four-five periods. Indeed, this was concomitant with the valuation 

practice, as the LBP estimates was adjusted based on the government released index, 

any immediate change in GOVI can lead to different valuation results of LBP estimates. 

The compilation of GOVI, on the other hand, was captured to be influenced by not only 

market transaction price, but also LBP albeit with a rather weak significance. 

Figure 6.4 Lead-lag Causality Relationship for Industrial Market 

 

 

 

 

 

 Lags (F-statistics) 
Granger causality test 2 3 4 5 6 

 
LBPII → LTPII 

 
7.4799*** 

 
3.1461** 

 
2.4809* 

 
2.1331* 

 
2.1725* 

LTPII → LBPII 2.0565 1.4129 1.5238 1.2998 1.166 
GOVII → LTPII 9.8073*** 5.5055*** 4.5198*** 3.4018*** 2.7343** 
LTPII → GOVII 1.7686 1.3235 1.1403 0.8339 0.65059 
GOVII → LBPII 16.3614*** 10.6369*** 5.6399*** 5.0830*** 3.9164*** 
LBPII → GOVII 
 

0.3284 0.2238 0.3420 0.6116 0.54173 

Note: → denotes “does not Granger cause”; * significant at the 90% level; ** at the 95% 

level; and *** 99%.  

A much simpler Granger causality pattern is observed in the industrial land market 

(Figure 6.4). A unidirectional relationship was captured between LBPI and LTPI, where 

LBPI Granger caused LTPI for up to six months but not vice versa, indicating a bi-

annually update of LBP for industrial sector. A similar result was presented with GOVI 

LTPII 

LBPII GOVII 
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unidirectionally Granger causing LTPI and LBPI separately for up to six months. The 

results illustrated that the market transaction price was collectively directed by both 

LBP and GOVI in the short term, as it was observed in residential market. The 

complication of LBP in industrial market, however, did not truly reflect the market 

transaction price, given there was no Granger causality found between LTPI to LBPI. 

Instead, the complication of LBP in industrial market reflected the GOVI changes. This 

inferred an arbitrarily authoritative view on the industrial land price, where the industrial 

market was found to be intervened by the government the most among the three 

sectors.  

6.4. Summary 

This chapter was designed to further acknowledge the inter-relationship between the 

market transaction price, LBP estimates and government-released land price index in 

each sector through the model assessment of empirical analysis. A key finding 

stemming from this analysis was that there is a complex association among the three 

types of land prices of the market transaction price, LBP and government-released 

land price index, which was explicitly detailed in the following.  

Section 6.2 tested and established the co-integration relationship by the Bounds test 

technique, which further demonstrated the long-run and short-run associations 

between three indices. The results indicated that a maturing process in both residential 

and commercial land markets started to emerge where a reduced strength of LBP and 

GOVI on market transaction price in residential land market, with a ceased impact of 

LBP and GOVI ceased in commercial market after 2014. As a result, a simplistic 

concept of a formula-driven method of LBP began to fail to meet the requirements of 

current land valuation starting from commercial market. In contrast, the long-run co-

integration analysis demonstrated a fact of a strengthened control of the collective 

effect of LBP and GOVI on industrial land market after 2014. 

The short-run inter-relationship was also identified the implication of lead-lag 

relationships between the three land indices. The findings illustrated the changes in 

the current land transaction price was significantly affected by the previous change in 

the land transaction prices. The lead-lag relationship showed that the current land 

transaction price in commercial land market was influenced by the previous 
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transaction price for up to two lags after 2014, compared to only a lag before 2014, 

further confirming the market maturity process where the historical price records 

started to have higher explanatory power after 2014. However, such lead-lag 

relationships were not clearly evidenced in commercial and industrial land markets, 

due to the model specification which omitted the lags of previous market transaction 

price.  

In overcoming the shortage of short-run model of specification issues, the short-term 

Granger causality was applied in section 6.3, which indicated different price causality 

in each land market. More specifically, LBP and LTP illustrated a bi-directional 

relationship in residential sector, indicating a quarterly update frequency; whereas LBP 

Granger caused LTP in industrial sector for up to six lags, suggesting a bi-annually 

update. In contrast, no Granger causality was demonstrated from LBP to LTP in 

commercial market, meaning an either urgent update of LBP was required or a 

discontinued use of LBP method in valuing commercial land.  

The overall findings suggested a complex association of price system in Beijing land 

market. Commercial land was identified as the most mature sector among the three, 

which called for a halt of LBP as valuation method in land due to the little significance 

from LBP to LTPI either in short-term or long-term after 2014. Residential and 

industrial market transaction price, in contrast, were still shaped under the LBP and 

GOVI pricing system, although the former demonstrated a reduced influence whilst 

the latter a strengthened control. Hence, the method of LBP should be used cautiously 

in both markets. The next chapter examined the use of LBP to incorporate its spatial 

effects.   

  



 
193 

 

 

 

 

 

 

Chapter 7 A Spatial Modelling Analysis of LBP  



 
194 

 

7.1. Introduction 

The preceding chapter highlighted the temporal nature of the interaction between LBP 

estimates, market transaction price and the government released land price index, in 

terms of their long-run equilibrium relationship, short-run dynamics and the direction 

of causality, in three land sectors. The findings showed a complex association among 

the three types of land prices, where each sector demonstrated some different 

characteristics in terms of the co-movement between three land price indices. 

However, despite the fact that market land transaction price was found to be 

influenced by both LBP and government land price index, a maturing process was 

captured in both commercial and residential land market where the formula-driven 

method of LBP tended to be inaccurate in valuing land. 

This chapter further investigated the spatial pattern between LBP estimates and the 

land transaction price, by incorporating spatial heterogeneity and spatial 

autocorrelation into the LBP method. The identification of the spatial effects in this 

chapter addressed research objective 6.  

The structure of this chapter is illustrated in Figure 7.1. Specifically, section 7.2 

focuses on the identification and examination of the impact of locational indicators on 

land transaction price in three sectors by OLS method. This OLS regression further 

serves as the model basis for spatial model construction in section 7.3, which looks at 

the spatial distribution in urban land transaction by GWR method. Same process is 

duplicated on LBP estimates. In doing so, section 7.4 compares the differences of 

spatial distribution regressed on land transaction price and LBP estimates respectively 

to contrast the explanatory variables in each regression and gain experimental 

knowledge in terms of what variables had been missing in LBP method. Finally, 

section 7.5 summarises the chapter.   
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Figure 7.1 Structure of Chapter 7 
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7.2. Comparison of Spatial Indicators of LTP in Three Sectors by OLS 

Method 

An OLS-based regression with all the variables was initially conducted to serve as a 

base model and to analyse the impact of influencing factors on the land transaction 

price. The results were then used to eliminate the variables with the highest VIF until 

a dynamic model was obtained with all variables significant. The final OLS result 

highlighted the statistically significant coefficients of land transaction prices in Beijing 

at 99 per cent confidence level (Table 7.1). The findings showed that the predicted 

model was statistically significant (p-value of F-statistics < 0.01) with an adjusted R2 

explaining 56.7%, 65.1%, and 44.6% of the residential, commercial and industrial land 

variation respectively.  

All the three valuation attributes (LBP, LBP estimates and valuation differentials) were 

significantly correlated with the transaction price in both residential and industrial 

sectors, indicating a close relationship between the LBP and market transaction price. 

First of all, LBP assessed based on market transaction price by reconciliation from any 

two of the income, comparable cost or residual methods (section 2.5.1), reflecting the 

market transaction price from the past. The statistically significant coefficient of LBP 

in OLS results indicated a positive interaction where LBP subsequently provided a 

feedback loop on the market transaction price in the future. In this way, LBP can be 

regarded as a simplified conceptual homogeneous value serving as a market 

comparable.  
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Table 7.1 OLS Estimation and Collinearity Statistics for Land Transaction Price 

Dependent variable: land transaction price 
  Residential  Commercial  Industrial  

Variables Description Coef. t-stat VIF Coef. t-stat VIF Coef. t-stat VIF 
Intercept  2469.38 1.98 - 2577.14 4.87 - 720.06 10.61 - 
EST LBP estimates 0.85 5.57 1.49 - - - 0.17 3.86 7.52 
LBP Land benchmark price 1.57 9.14 1.56 1.25 17.63 1.51 0.25 3.43 6.18 
∆V Differentials b/t EST and 

market transaction price 
-1470.68 -6.04 1.02 -1519.36 -9.87 1.25 -137.96 -13.26 3.89 

CA Compensation area -0.02 -2.43 1.01 - - - - - - 
LA Construction land area - - - - - - - - - 
FAR Floor to area ratio -571.61 -1.04 1.12 764.35 6.55 1.68 -200.50 -6.88 1.38 
CBD Distance to CBD - - - - - - 0.01 6.35 6.08 
HS Distance to high school 0.09 1.92 1.05 - - - - - - 
Rail Distance to nearest 

railway station 
- - - -0.03 -3.66 1.06 - - - 

SUB Distance to the nearest 
subway station 

- - - 0.07 3.69 1.33 -0.03 -8.93 5.06 

Model diagnostics  

R2  0.577 0.656 0.454 
Adjusted R2  0.567 0.651 0.446 
F-statistic   55.498*** 122.573*** 55.409*** 
Koenker (BP)   42.305*** 50.53*** 11.756* 
Jarque-Bera   227.462*** 272.03*** 3051.207*** 
  n = 251 n = 458 n = 676 

Moran’s I diagnostic  

Z-score   13.3978 7.203 5.11 
P-value   < 0.01 <0.01 < 0.01 

Note: *** indicate p-value < 0.01 
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Secondly, the coefficient of LBP estimates (EST) was statistically significant at the 99% 

level, suggesting that the market transaction price was influenced by a relatively 

arbitrary economic and political view from the Chinese authorities, given that the 

valuation practice of LBP method was guided by the official view on land price 

determination through LBP regulation. Theoretically, neo-classical economics referred 

the land price in an open market was a function of supply and demand (Healey, 1991). 

However, as a long-lasting and locational-specific asset, the supply of land cannot be 

readily adjusted in response to demand changes, leading to the government 

intervention within land market on efficiency grounds (Whitehead, 2003). The 

government intervention in monitoring the real estate market was, therefore, captured 

from a valuation perspective in the Beijing land market, reflected by a significant EST 

estimation. The parameters of EST, albeit significant, were smaller than that of LBP, 

indicating the authority’s view on land price (i.e. LBP method as valuation method) had 

less influence on the market historical data (i.e. LBP itself) than the market transaction 

price in both residential and industrial markets. The coefficient of EST was insignificant 

in influencing commercial land market. This result was also endorsed in the time-series 

analysis in section 6.2.2, where a maturing process was identified in the commercial 

land market, hence the market transaction price progressively reduced the influence 

of government control under LBP regulation.  

Regarding the land-related attributes, constructed land area (LA) was statistically 

irrelevant to the market transaction price in all three sectors. This implied that the 

market transaction price did not respond to the size of land, where a higher land 

premium was not necessarily interrelated to a larger land area. This result contradicted 

current literature from Li et al. (2019), Dimopoulos and Moulas (2016), Schulz et al. 

(2014) and Diaz and Hansz (2010) who found a positive relationship between the two 

variables, advocating that a large plot size contributes to a higher land premium. In 

contrast, a negative affiliation between the land size and the corresponding transaction 

price was found by Andoh and Ohta (1997) in Japan residential property. However, 

the authors regarded this negative coefficient as the data fault, where the agricultural 

land is mixed in the residential data, leaving the misleading coefficient. Nevertheless, 

Zhang et al. (2015) found an insignificant association in commercial property in 

Shenzhen. The authors suspected that during the transaction process, negotiations 

normally converge towards a certain unit price that was not significantly related to the 



 
199 

 

floor area. This chapter further considered this insignificant attribute of LA on land 

transaction price as a result of restriction of land supply and location selection. The 

developers were willing to pay more for a preferable location, regardless of the land 

size given the high demand. 

FAR, on the other hand, was statistically significant in all three sectors, yet with 

opposite influences. Specifically, the negative coefficient in the residential and 

industrial market reflected that low-density residential buildings potentially led to higher 

land premium. The finding was in line with Zhou et al. (2017), Yang et al. (2015) and 

Bao et al. (2014) who found the negative relationship between land transaction price 

and FAR in residential context. This could be caused by the residential building height 

restriction, which subsequently leads to a loss in residential units. This, in turn, resulted 

in a shortage of housing supply that triggered a higher land transaction price. In 

addition, the majority of the urban land had been developed in central areas in Beijing, 

yet with relatively low efficiency of use (Peng and Thibodeau, 2011; Chen et al., 2016). 

As a result, in order to compensate for the loss of housing output centrally, the city 

edge needed to expand. However, in the highly urbanised cities like Beijing, the land 

prices inevitably rose given the economic pressures of restricted land supply. In 

contrast, FAR was captured to positively impact on the commercial land transaction 

price. Such results were also illustrated by Qin et al. (2016) and Huang et al. (2018), 

who found a positive relationship between FAR and commercial property transaction 

price in China, claiming that the profitability of commercial developers hinged more on 

the FAR. Furthermore, Hu et al. (2016) found both negative and positive correlation 

between FAR and commercial land price in Wuhan, where the positive impact 

appeared to cluster in highly-developed areas and the negative in city suburb areas. 

The inconsistency in the relationship between two variables can be associated to the 

degree to which capital and land can be substituted for each other, in order for 

developers to achieve the maximum profit (Ding, 2013). However, the struggle faced 

by developers and policymakers came from the fact that it was difficult to measure and 

quantify the effects of tall buildings, resulting in a different response to FAR on land 

transaction price in each sector.  

Regarding the locational attributes, different sectors reacted differently to geographical 

indicators. This implied that LBP instruction cannot treat the real estate market as a 
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whole for the locational adjustment, but rather each sector should be treated 

separately when considering location. Specifically, the proximity to the nearest high 

school was significant at the 99% level in residential land market, highlighting the 

importance of educational services in home buyer decision making. Indeed, as it was 

regulated by Beijing Municipal Commission of Education, students were enrolled in 

the designated areas in the nearest school district. The selection of a desirable 

educational service was, therefore, regarded as a worthwhile investment. School 

districts with high-quality services add value to the property. 

In terms of the commercial land market (Table 7.1), the externalities of public 

transportation imposed a varying effect on land prices. The effect of the railway station 

had a statistically significant negative effect, while the accessibility of urban subway 

transit elevated the commercial prices at the 99% level. On the one hand, transport 

infrastructure of subway increased the commercial prices by improving the access to 

amenities and public services, such as shopping centres and entertainment. This 

facilitated convenience by providing inner-city stations to commute within Beijing, as 

well as saving travel costs. Consequently, the accessibility to a subway station 

contributed to business service development, hence played a role in commercial land 

price increases. On the other hand, a railway station conversely played a negative role 

in commercial prices. This was due to the function of railway in Beijing being to 

facilitate commuting and accessibility to other cities not to navigate Beijing itself. The 

railway did not primarily bring passenger flow to commercial buildings but rather 

increases level of noise pollution and traffic intensity. As a result, this causes a 

decreased in property prices.  

However, distance to CBD was not significantly correlated with the land transaction 

price in both residential and commercial sectors, indicating that land prices did not 

decline with distance from the city centre. The insignificance of CBD can be explained 

by the polycentric urban structure in Beijing where the residential and commercial 

developments were clustered in different suburban areas, with sub-centre displaying 

in each district. For example, the population density in the urban core area in Beijing 

(including Dongcheng District and Xicheng District) reached 24,466 persons/km2 in 

2004 but dropped to 22,237 persons/km2 in 2017 (Beijing Statistical Yearbook, 2005; 

2018). These statistics indicated a polycentric tendency where residential 
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neighbourhoods were gradually moving away from central area, given that residents 

did not depend on the city core for their daily activities. This insignificance of price 

gradient from CBD was also endorsed by Heikkila (1989), who justified that the 

accessibility to CBD was the major determinant in a monocentric model instead of a 

polycentric city. Indeed, given the complex spatial patterns developed in Beijing, it was 

not surprising that both residential and commercial land is segmented into submarkets, 

where a monocentric-oriented measurement of radial distance to CBD cannot capture 

the price gradients.  

In terms of the industrial land market (Table 7.1), unlike the rest of the sectors, distance 

to CBD was found to have positive influence on LTP, indicating further away from CBD 

would increase land transaction price, due to the larger land area accessibility in urban 

fringe area for industrial development. Distance to the nearest subway station was 

another important determinant of transaction price according to the regression 

parameters, which reflects the trade-off between transportation costs and land prices. 

Regarding the rest of the insignificant locational nodes, Cao et al. (2019) presumed 

that the relatively evenly allocated resources make each submarket spatially self-

sustained, resulting in locational attributes being non-significant in the regression 

model.  However, the model diagnosis specifies biased results. The statistically 

significant Koenker (BP) statistics indicated the relationship modelled was not 

consistent due to non-stationarity, whereas Jarque-Bera value with p < 0.01 indicated 

an abnormally distributed residual. To test for the presence of spatial autocorrelation, 

Moran’s I was applied to measure the spatial dependence among the identified 

variables across space. The Moran’s I result suggested that it is significant (p-value < 

0.01) spatial autocorrelation in the three submarkets. The null hypothesis of no spatial 

clustering associated with the geographic features in the study area was therefore 

rejected.  
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7.3. Comparison of Spatial Distribution of LTP in Three Sectors by GWR 

Method 

The GWR model was applied to account for spatial heterogeneity, which allowed the 

parameters to vary over space and provide spatially varying statistics. The GWR 

results were demonstrated in Table 7.2 – Table 7.4 for each sector. The localised 

regression analysis revealed an improved level of explanation with an adjusted R2 of 

58.6% in the residential market, 64.8% in commercial market, and 49.3% industrial. 

The enhanced explanation power suggested that there were important localised 

spatial influences affecting the marginal price of land transactions in the Beijing real 

estate market. The GWR parameter estimates varied at each of the observation points, 

and therefore, they were described by the distribution summaries which illustrated the 

degree of the spatial non-stationarity across each sector.  

The model demonstrated that the estimated coefficients were not constant in the study 

area and that GWR was more proficient with the identification of the extreme high and 

low values. The spread of the coefficients exhibited a dramatic variation with some of 

the findings displaying results that were contrary to expectation. For instance, the 

estimates for the FAR parameter fluctuated from -1,420 RMB/m2 to 434 RMB/m2 in 

residential, varying between -1,360 RMB/m2 to 414 RMB/m2 for commercial land while 

all staying negative for industrial land. This was counter-intuitive as the figures 

suggested two issues. First, as the LBP manual instructed a benchmark FAR in each 

land grade (for example, the benchmark FAR in residential land grade 4 is 2.5), the 

coefficient of 1 was applied to the residential land plot grading grade 4 which happened 

to have a pre-determined FAR of 2.5 as benchmark. Any land transaction with varying 

FAR was compared against this “standard” FAR, and a higher (or lower) coefficient 

adjustment can be applied with an actual larger (or smaller) FAR. The predominantly 

negative values in all three sub-markets emanating from the GWR model suggested 

that the land transactions did not reach the “standard” FAR as prescribed by the 

government. This, to some degree, presented the problem of land use inefficiency, as 

the actual FAR did not meet the requirement by the government, leading to a 

downward adjusted coefficient and parameters. The second issue came from the 

accuracy of the FAR coefficient adjustment equation. This was an interesting result 

which requires further analysis particularly relating to the actual practice in terms of 
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how building height restriction influenced the economic cost and hence the final market 

transaction price.   

Table 7.2 GWR Parameter Summaries in Residential Market 

Variables Min. Lwr Quartile Median Upr Quartile Max. 

Intercept 637.13 2619.51 3535.54 4046.58 4750.42 
EST 0.76 0.80 0.81 0.86 0.99 
LBP 1.18 1.40 1.48 1.55 2.18 
∆V -2561.87 -1615.61 -1424.47 -1321.84 -1253.07 
GA -0.0238 -0.0219 -0.0205 -0.0190 0.0027 
FAR -1420.20 -1199.40 -892.70 -587.80 434.14 
HS -0.04 0.12 0.15 0.19 0.24 

R2 0.622 
Adjusted R2 0.586 
n = 251  

 

Table 7.3 GWR Parameter Summaries in Commercial Market 

Variables Min. Lwr Quartile Median Upr Quartile Max. 

Intercept -553.34 1469.37 1686.52 2124.35 3698.74 
LBP 0.75 1.18 1.21 1.23 1.91 
∆V -7055.45 -5936.05 -3820.01 -2351.21 -505.75 
FAR -1360.19 174.08 242.60 312.03 413.91 
Rail -0.028 -0.018 -0.015 -0.014 0.005 
SUB -0.04 0.07 0.26 0.35 0.51 

R2 0.675 
Adjusted R2 0.648 
n = 458  

 

Table 7.4 GWR Parameter Summaries in Industrial Market 

Variables Min. Lwr Quartile Median Upr Quartile Max. 

Intercept 557.05 707.61 740.57 788.86 833.92 
EST 0.09 0.11 0.13 0.15 0.26 
LBP 0.10 0.19 0.23 0.37 0.54 
∆V -232.05 -151.74 -113.22 -111.31 -105.97 
FAR -213.36 -203.37 -199.63 -183.81 -130.27 
CBD 0.000 0.012 0.013 0.015 0.020 
SUB -0.04 -0.035 -0.033 -0.029 -0.010 

R2 0.504 
Adjusted R2 0.493 
n = 676  
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Moreover, unlike the findings from the majority of literature where there was negative 

land price gradient (Li et al., 2019; Qin & Han, 2013; He, 2012; Wang & Huang, 2007), 

the positive figures relative to radial distance from CBD in the industrial market 

indicated an increasing land price trend with the distance away from CBD. This 

demonstrated being further away from CBD was going to improve the industrial 

location in that it would be easier to access from large delivery vehicles hence be worth 

more.  Furthermore, this may also be explained by the city polycentric framework 

regarding job decentralisation that sub-centres had their own submarkets and were 

able to create employment. It is presumed that each sub-centre may well fit in the 

negatively sloped price trend by the monocentric model. However, given the limited 

transaction data observations, it was impossible to find such presumed price gradient 

in each sub-market (each district or land grade). In addition, as Richardson (1977) 

proposed, a positive rent gradient was likely to capture if the overall effect of an 

increase in externalities (such as pollution, traffic jams and noise level) was not 

completely offset by savings in transportation cost. Nevertheless, in the opinion of 

Deng (2011) a positive slope gradient did not suggest an efficient market, given it 

implied a more dispersed spatial pattern, which will, in turn, led to higher transportation 

and infrastructure costs, and longer commuting time.  

7.3.1. Spatial Distribution of LBP Estimates  

As previously identified, the GWR approach illustrated significant spatial heterogeneity 

reflected by the varying parameters of each independent variable in each sector. 

Visual representation of the coefficients can further capture the spatial variation and 

localised influences. An explicitly displayed spatial pattern of individual attribute 

coefficients was presented in the following analysis. 

LBP valuation estimates (EST) were found to be statistically significant for the 

residential and industrial market, but different spatial distribution patterns were 

returned. As illustrated in Figure 7.2, the distribution of EST in residential land reflected 

a complex yet localised spatial differentiation. In general, the EST coefficients were 

positive and significant throughout all districts in Beijing and exhibited a smooth spatial 

trend, which tended to change along with different districts as mapped. The map 

showed a price gradient gradually weakening at a relatively consistent pace from north 

to south, indicating that the valuation instruction of LBP may have a stronger impact 
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on the market transaction price in the newly developed area where the majority of land 

was developed recently. Specifically, the highest marginal benchmark price estimates 

were found among outer districts in Huairou, Miyun and Yanqing, where the districts 

were in an early growth stage with residential neighbourhoods being only developed 

after 2009. The market transactions in these districts remain less active (taking up 

3.2%, 4% and 4.4% respectively of the transactions in the sample), and there was less 

infrastructure development such as subway access and school services. As a result, 

the government-imposed LBP instruction had a more influential impact on the market 

transaction price in the outer submarkets. In contrast, the majority of land transactions 

were captured in the more active and established districts of Daxing (22.3%), Fengtai 

(10%), Chaoyang (9.2%), Fangshan (7.2%), and Tongzhou (6.8%). The LBP 

estimates tended to impact on the market transaction price to a lesser degree due to 

the relatively abundant market transaction records, denoted by a lighter colour.   

 

Figure 7.2 LBP Estimates Coefficient Distribution in Residential Market  
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In terms of the industrial land market, a different distribution pattern was shown. The 

price gradient illustrated a gradually decreasing tendency from the transactions in the 

fringe areas to the inner districts. Despite the spatial variation, what was similar to 

residential market in essence was that the EST coefficient appeared to have the most 

influential impact on the land price in the districts with limited market transactions, such 

as Mengtougou (0.1%), Huairou (1.6%), Changping (3.7%), Pinggu (5.2%), Miyun 

(6.4%) and Fangshan (8.7%). This reflected the fact that LBP method tended to be 

used more and therefore imposed a higher influence in the less active market. Indeed, 

when the transactions in an area were not adequate to serve as market comparables, 

the LBP method became a substitute valuation technique. However, the appraisal 

process by LBP inevitably provided a detrimental relationship between the government 

effort in intervening the market and the actual market transaction price.  

 

Figure 7.3 LBP Estimates Coefficient Distribution in Industrial Market 
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7.3.2. Spatial Distribution of Valuation Differentials  

The coefficient of valuation differentials (∆V) indicated that there was significant spatial 

distribution in all three sectors. The estimates were negative and significant in each 

land market and exhibited relatively smooth spatial trends. The lowest marginal-price 

estimates in residential and industrial markets were captured in the north-east part of 

Beijing, particularly in Huairou, Miyun and Pinggu districts. The minimum set of value 

coefficients suggested that the valuation differentials tended to have a bigger impact 

on the market transaction prices in the less active districts. This was due to the reason 

that in the districts with less market transaction records, the transaction price reacted 

more sensitive to the LBP estimates with a lack of market dynamics.  

 

Figure 7.4 Valuation Differential Coefficient Distribution in Residential Market 
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In the commercial market, valuation differentials appeared to have an opposite spatial 

distribution impact, where the land prices suffered more from the valuation differentials 

in the south-west area of Beijing. This revealed an interesting spatial depiction 

characterised by more established markets with relatively rich historical data record in 

the south-west of the city where the valuation discrepancy by the LBP method tended 

to impose a negative influence on the market transaction prices. This pattern was a 

likely consequence of the different valuation methods preferred to form LBP in different 

markets. Arguably, residential property valuations were based on the comparable 

method, where the market value was assessed by looking at similar properties taking 

account and making adjustment for location, size and conditions. Similarly, in the 

industrial land market where the land plots were mostly transacted in development 

zones, valuation estimates were closely traced to each other. Consequently, valuation 

differentials tended to have bigger impact on the areas where LBP was heavily relied 

upon. In contrast, commercial property had a different perspective, which produced 

income and consisted of office and retail where buildings were primarily owned by 

investors. Therefore, the magnitude of the valuation differentials would be a key 

determinant in estimating the accuracy of the measures of return (Bowles, et al., 2000). 

In addition, commercial properties were more likely to be influenced by yields that 

would be generated. As a result, the valuation differentials had a bigger impact in the 

more established areas where there was a pleasant environment for staff to work.  The 

valuation differentials exhibited the fact that market land price behaviour was not yet 

regarded as a reasonable model by the Chinese authorities, and that valuers’ 

perception may lead to potential bias for the final assessment. 
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Figure 7.5 Valuation Differential Coefficient Distribution in Commercial Market 

 

 

 

 

Figure 7.6 Valuation Differential Coefficient Distribution in Industrial Market 
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7.3.3. Spatial Distribution of FAR   

Floor to area ratio (FAR) was another significant determinant of land transaction price 

in each land market. In general, the impact of the FAR on residential land transaction 

price was negative and significant, the absolute value of which increased at an 

accelerating rate from south-west to northeast area (Figure 7.7), indicating that the 

less developed areas are more likely to be influenced by FAR. In the opinion of Bertaud 

(2004), an increase in FAR contributed to a decrease in the city’s spatial expansion 

and transport costs. Therefore, highly negative coefficients in the urban core area can 

be explained by the FAR restrictions, which caused cities to further expand into rural 

areas. The residential market can be particularly sensitive to FAR restrictions given 

that the latter determines population and household suburbanisation (Sridhar, 2010).  

 

Figure 7.7 FAR Coefficient Distribution in Residential Market 

 

 

FAR coefficient varied greatly across commercial land. Figure 7.8 revealed an 

interesting spatial depiction across the coefficient range demonstrating both positive 
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and negative effects in the commercial market. It was interesting to note that the 

coefficient values were positive in the active market areas characterised with more 

land transactions – suggesting that higher-priced land value FAR more highly. 

Combined with the negative signs at relatively low-value areas, this suggested a cubic 

relationship. This was due to the reason that the low commuting costs for land plots 

near the city centre lead to high land values, which in turn lead to high FAR.  

 

Figure 7.8 FAR Coefficient Distribution in Commercial Market 

 

With regards to the industrial land, the impact of the FAR on the industrial land 

transaction was less than that on the residential and commercial markets, reflected by 

the smaller absolute values of the coefficient. Indeed, the price impact of a FAR was 

noticeably lower than the rest given the profitability hinged more on the FAR for 

residential and commercial markets. Furthermore, as it was endorsed in the literature 

that local governments suffered from the discrepancy between municipal budgetary 

expenditure and revenue, industrial land was, therefore, fast developed to increase 

the local revenue with the subsidised prices and infrastructure to attract potential 

investment. Consequently, industrial land was prone to have inefficient use (Zhang 

and Li, 2007; Huang et al., 2017) due to the over-development, which was reflected 

by the low FAR impact. Regarding the distribution pattern where the northern area 
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tends to have less influence from FAR, it can be explained by the regulation from the 

State Council who stipulated that industrial land was allowed to make upward 

adjustment without pay extra fees (Qin et al., 2016). As a result, the northern area 

characterised with newly developed land was adversely influenced less by the higher 

FAR.   

Figure 7.9 FAR Coefficient Distribution in Industrial Land 

 

 

7.4. Comparison of Differences of Spatial Distributions between LTP and 

LBP in Three Sectors by GWR Method 

Traditional thought on improving the accuracy of LBP was to have more frequent 

updates of LBP. The question hence comes to how often LBP should get updated to 

reflect the market price. Among Asian countries where a similar concept of LBP was 

practised, Japan has the most consistent historical record where the government 

published land prices have been updated annually since 1970 (Shimizu and 

Nishimura, 2006). However, even with a regularly updated benchmark price, a 

substantial discrepancy between the Japanese market transaction prices and 

government published benchmark prices is still evident. This fundamentally brings two 

issues. First, the same purpose of publishing LBP is cited among Asian countries, 
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which is to provide a benchmark or reference price for land transactions given opaque 

data, or relatively immature markets with inadequate data or low volumes of land 

transactions. The dilemma for the LBP update frequency hence comes from the 

market transactions. If the market transactions are adequate for the LBP to be updated 

quarterly or bi-annually, efforts to establish a more efficient LBP in China becomes 

time consuming given that LBP is based on land grades where land grades should be 

assessed and upgraded first (section 2.5). Instead, efforts should rather diverge to a 

more efficient pricing system, such as constructing a more frequent and accurate land 

price index for the data record, given that the price index is something that is directly 

associated with the market transactions without any authorities influence or 

intervention on the market price. Second, the nature of LBP determines that it only 

records and represents the historic price. There will inevitably be a price gap between 

historical data and future data, regardless of the update frequency. In order to get a 

more accurate LBP in a timely manner, the land price index (chapter 6) published by 

the government should be more precise and localised. In this section, the LBP can 

improve valuation accuracy through amending the variables and associated 

coefficients across space by comparing and contrasting differences underpinning the 

spatial distribution between LTP and LBP. 

7.4.1. Comparison between Spatial Distributions in the Residential Market 

The OLS regressed on LBP estimation price presented a less dynamic result (Table 

7.5). Only land transaction price and LBP were found to be statistically significant in 

explaining the LBP estimation, with an adjusted R2 explaining 38.8% of the estimation 

price variation. Surprisingly, the most important attribute in formatting the LBP 

valuation estimates, FAR, as identified in the literature review, was not found to be 

significantly related to the estimation price. Although efforts had been made to adjust 

FAR from the homogenous LBP to the specific transaction plot through application of 

the adjustments advocated in the LBP manual, the OLS result still indicated an 

insignificant relationship between LBP estimation and FAR. This could be due to the 

reason that the government-imposed FAR coefficients adjustment reacted less 

efficiently in predicting the land values, and future research was needed in terms of 

improving the FAR adjustment accuracy. In addition, all the identified locational 

attributes stayed statistically irrelevant in explaining the LBP estimates, which 
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indicated the absence of location consideration in LBP formation. Distance to the 

nearest high school should be taken into consideration in the LBP estimation. This 

was further supported by Moran’s I (z-score = -1.3652) diagnostic, which illustrated 

that the pattern did not appear to be significantly different than random (p-value = 

0.1722).  

 

Table 7.5 OLS Estimation and Collinearity Statistics for LBP Estimates 

Dependent variable: LBP estimation price 
 
Variables Description Coefficient t-statistics VIF 

Intercept  1298.32 6.68 - 
LTP Land transaction price 0.12 5.29 1.79 
LBP Land benchmark price 0.37 5.08 1.79 

R2  0.393 
Adjusted R2  0.388 
F-statistic   80.315*** 
Koenker (BP) Statistic   38.993*** 
Jarque-Bera Statistic  2295.277*** 
n = 251   

Note: *** indicate p-value < 0.01 

 

Since Moran’s I illustrated a limited spatial effect, a log form of OLS was applied to 

predict the influencing factors on LBP estimates (Table 7.6). An improved result was 

presented with all the three valuation attributes statistically correlated with the LBP 

estimation price, reflecting a feedback loop between LBP and market transaction price. 

However, the coefficient of LBP (0.47) had more than doubled that of the LTP (0.21), 

indicating that the former imposed a significantly larger impact on the LBP estimation 

compared to the market transaction price. The constructed land area (0.10) was 

statistically significant in explaining the LBP estimates, relative to the compensation 

area in the market transaction price. This showed the differences in terms of how 

developers reacted to the land area. Theoretically, the LBP method assumed that the 

transaction price would increase with the larger constructible land area, reflected by 

the FAR coefficient adjustment. In contrast, the market transaction price had a limited 
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response to land area, due to the scarcity of land and high demand. Instead, in practice, 

it was the compensation area that the developers paid attention to. 

Table 7.6 OLS Estimation and Collinearity Statistics for LBP Estimates in Log Form 

Dependent variable: LBP estimation price in log form 
 
Variables Description Coefficient Robust_t VIF 

Intercept  1.48 0.49 - 
lnLTP Land transaction price in log form 0.21 4.40 3.46 
lnLBP Land benchmark price in log form 0.47 5.47 2.68 
∆V Valuation differentials 0.12 2.79 2.34 
lnLA Constructed land area in log form 0.10 2.79 1.38 

R2  0.382 
Adjusted R2  0.372 
Joint Wald Statistic   418.145*** 
Koenker (BP) Statistic   47.680*** 
Jarque-Bera Statistic  50.191*** 
n = 251   

Note: *** indicate p-value < 0.01 

 

Table 7.7 Calibrated Parameters (median values) Comparison between GWR and 
OLS in the Residential Market 

 GWR 
Dependent: LTP 
 

 OLS 
Dependent: lnEST 

Variables  Coefficient (Median) Variables  Coefficient 

Constant 3535.54 Constant 1.48 
LTP - lnLTP 0.21 
EST 0.81 lnEST - 
LBP 1.48 lnLBP 0.47 
∆V -1424.47 ∆V 0.12 
CA -0.02 lnCA - 
LA - lnLA 0.10 
FAR -892.70 lnFAR - 
HS 0.15 lnHS - 

Adjusted R2 0.586  0.372 
AICs 5077.57  589.86 
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Table 7.7 compared the model performance between OLS and GWR in residential 

markets. The measures of Akaike Information Criterion-corrected (AICs) and adjusted 

R2 were used for the model evaluation and predictive accuracy performance between 

OLS and GWR. As the traditional and most common measure, higher goodness of fit 

(adjusted R2) indicated a stronger model explanation power and hence better model. 

According to the evaluation criteria proposed by Fotheringham et al. (1998), the model 

with a lower value had a better fit for the observed data. Indeed, a comparison between 

the adjusted R2, GWR (58.6%) provided higher explanatory power, relative to OLS 

(37.2%). In addition, the AICs statistic also provided the same result where GWR 

model was the preferred model as it has a smaller AICs value.  

Furthermore, Table 7.7 demonstrated that distance to high school was an imperative 

variable to take into consideration while compiling LBP for the residential market. As 

shown in Figure 7.10, the regression coefficients of distance to high school (HS) in 

GWR were mainly positive, indicating that the externalities of educational services 

played a role in the increase in land transaction price. In particular, residential 

development was visually clustered close to high schools, illustrating the importance 

of educational services imposed on the locational selection of land development. In 

addition, the spatial pattern of HS was consistent with that of EST (section 7.3.1), 

where there are strengthened parameters in the northern areas with a flattening trend 

to the south. The results suggest that in the less active sub-markets with inadequate 

market transactions, the land transaction price relies more on the LBP with the external 

amenity of high schools as a value-added influencing factor.  
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Figure 7.10 Distance to High School Coefficient Distribution 

 

 

 

7.4.2. Comparison between Spatial Distributions in the Commercial Market  

The same process had been conducted in the commercial land market, where OLS 

was initially regressed on the LBP estimates to find out the explanatory variables that 

are statistically significant. Unlike the residential market, the residuals of commercial 

land illustrated a spatial clustering trend, reflected by a significant (p < 0.01) z-score 

(10.533) in Moran’s I test. Consequently, the statistically significant variables obtained 

from OLS23 were further tested by GWR technique.  

Table 7.8 compared the results emanating from the GWR models regressed on market 

transaction price (column 2) and LBP estimates (column 3) separately. It can be seen 

that the market dynamics accounting for two prices were noticeably different from each 

other, with LBP remaining the only mutual attribute in explaining both models. This 

indicated the importance of LBP in land pricing system in forming both market 

transaction price and LBP estimates. FAR and distance to the nearest railway station, 

 
23 OLS result is in appendix 4 to avoid repetition in describing same significant variables.  

HS 
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on the other hand, although being statistically relevant in both models, imposed 

inverse influences. This suggested a distortion and contradicted the theoretical price 

mechanism published by LBP and the real market transaction price mechanism.  

 

Table 7.8 Calibrated Parameters (median values) Comparison between GWR in 
Commercial Market 

 GWR 
Dependent: LTP 
 

GWR 
Dependent: EST 

Variables  Coefficient (Median) Coefficient (Median) 

Constant 1686.52 2026.20 
LTP - 0.08 
EST - - 
LBP 1.21 0.70 
∆V -3820.01 - 
CA - - 
LA - -0.0002 
FAR 242.60 -258.08 
HS - -0.03 
Rail -0.015 0.003 
SUB 0.26 - 

Adjusted R2 0.648 0.934 
AICs 8937.00 7356.73 

 

Specifically, the comparison of LBP distribution between the market transaction price 

and LBP estimates (Figure 7.11) showed some inconsistency in terms of the 

geographical distribution, which can be improved in future LBP compilation. Based on 

the result of LTP distribution, districts of Huairou, Miyun and Yanqin could be 

considered as a homogenous area with the same benchmark price. Changping, 

Pinggu and Shunyi had a wider range of changeable coefficients, which may be 

caused by its location as transitional districts from central area to the urban fringed 

area. South Changping, south Shunyi and Chaoyang, therefore, can be regarded as 

a homogenous area with same LBP. Tongzhou alone is a homogenous area, with the 

rest of the districts (Daxing, Dongcheng, Fangshan, Fengtai, Haidian, Mentougou, 

Shijingshan, and Xicheng) forming another homogenous area. 
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Figure 7.11 Comparison of LBP distribution between LTP and EST in the 

Commercial Market 

 

 

 

Furthermore, FAR illustrated a negative impact (-258) on the LBP estimates while a 

positive influence (242) on the market transaction price. The figure on the left was the 

FAR distribution pattern for land market transaction price. The highest coefficients 

were displayed in the central core areas. In contrast, the central core areas 

demonstrated the lowest negative coefficients for the LBP estimates (on the right). The 

adverse patterns between the two prices reflected the inconsistency in terms of the 

application of the FAR coefficient between practice and manual instruction. The lowest 

negative coefficients in central areas can be explained by the height restriction in the 

core area, which in turn lowered the FAR adjustment in EST. In contrast, LTP reflected 

the fact that developers still hinge more on the FAR in a commercial market especially 

in central area. Consequently, the adjustment of FAR should combine considerations 

of both building intensity and location. Based on the results, the ranges of RMB per 

square metre of the adjustment was illustrated in Table 7.9.  
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 Figure 7.12 Comparison of FAR distribution between LTP and EST in the Residential 

Market 

 

 

 

Table 7.9 FAR Adjustment Ranges for Commercial Market 

District Min adjustment (RMB/m2) Max adjustment (RMB/m2)  

Changping 105.26 230.68 

Chaoyang 105.26 413.91 

Daxing 105.26 230.68 

Dongchen 105.26 230.68 

Fangshan -449.6 105.26 

Fengtai 105.26 230.68 

Haidian 105.26 230.68 

Huairou -449.6 105.26 

Mengtougou -449.6 105.26 

Miyun -1360.12 -449 

Pinggu -1360.12 105.26 

Shijingshan 105.26 230.68 

Shunyi 105.26 313.53 

Tongzhou 313.53 413.91 

Xicheng 105.26 230.68 

Yanqing -449.6 313.53 
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7.4.3. Comparison between Spatial Distributions in Industrial Market  

Regarding the industrial market, OLS results (Appendix 4) demonstrated a spatial 

clustering trend (z-score = 3.899, p < 0.01) in the residuals, suggesting the presence 

of spatial dependence between values of random variables over geographical 

locations. The statistically significant variables derived from OLS were therefore 

further tested by GWR regression and the results were compared to those obtained in 

section 7.3 (Table 7.10). Unlike the commercial market, the variables accounting for 

two prices in the industrial sector shared a high degree of similarity. Specifically, LBP, 

valuation differentials and FAR were the mutual accounting variables in both results, 

indicating market transaction price and LBP estimates shared the same characteristics 

regarding valuation attributes as well as building intensity and hence a closer 

relationship between LTP and EST was identified than the rest of the markets. 

Nevertheless, each regression had its own significantly (p < 0.01) related locational 

attributes, indicating the inconsistent geographical consideration. Despite being 

statistically significant, the locational attributes imposed a rather small impact on the 

two prices. This could be due to polycentric city structure with a relatively even 

transport resource allocation.  

 

Table 7.10 Calibrated Parameters (median values) Comparison between GWR in the 
Industrial Market 

 GWR 
Dependent: LTP 
 

GWR 
Dependent: EST 

Variables  Coefficient (Median) Coefficient (Median) 

Constant 740.57 286.43 
LTP - 0.11 
EST 0.13 - 
LBP 0.23 1.17 
∆V -113.22 111.72 
FAR -199.63 -98.18 
CBD 0.013 - 
UNI - -0.005 
SUB -0.033 - 

Adjusted R2 0.493 0.873 
AICs 9763.00 9564.82 
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A much more consistent distribution of LBP between LTP and EST was shown in 

Figure 7.13, indicating reasonably homogenously divided regions by LBP for the 

industrial market. However, despite the similar geographical distribution, the ranges of 

coefficients displayed a large discrepancy. The coefficients of LBP for market 

transaction price ranged from 0.098 to 0.539 compared to that for EST from 0.936 to 

1.235. The differences could pertain to the unmatched LBP in each homogenous 

division. Based on the results, there was some downward adjustment on the LBP 

needed in order to match the market transaction price. Taking Fangshan as an 

example, when LBP equals 1 RMB/m2, EST ranges from 0.93 RMB/m2 – 1.00 RMB/m2, 

whereas LTP ranges from 0.10 RMB/m2 – 0.13 RMB/m2, ceteris paribus. Therefore, a 

reasonable multiplier of 0.11 (
0.10

0.93
) – 0.13 (

0.13

1.00
) shall be applied to lower the current 

LBP. On the analogy of this, the multiplier in each district is shown in Table 7.11. 

However, such adjustment for LBP was only provided as a suggestion based on the 

coefficients derived from regression. It would be recommended to use market 

transaction price as the basis for LBP compilation. These multipliers can be taken into 

consideration for valuation practice if LBP cannot be updated in the near future. 

  

 Figure 7.13 Spatial Distribution between Land Transaction Price and LBP Estimates 
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Table 7.11 LBP Adjustment Ranges for Industrial Market 

District  Min. Coef. Max. Coef.  

Changping  0.12 (
0.13

1.13
) 0.17 (

0.20

1.18
) 

Daxing  0.12 (
0.13

1.13
) 0.17 (

0.20

1.18
) 

Fangshan 0.11 (
0.10

0.93
) 0.13 (

0.13

1.00
) 

Huairou  0.36 (
0.42

1.18
) 0.45 (

0.54

1.21
) 

Miyun 0.36 (
0.42

1.18
) 0.45 (

0.54

1.21
) 

Pinggu 0.36 (
0.42

1.18
) 0.45 (

0.54

1.21
) 

Shunyi 0.25 (
0.29

1.18
) 0.35 (

0.42

1.21
) 

Tongzhou  0.25 (
0.29

1.18
) 0.35 (

0.42

1.21
) 

 

Furthermore, FAR also displayed a similar spatial trend amongst the two prices, 

indicating a representative equation of FAR in the application of the market transaction 

price assessment. The coefficients, however, showed some gap between the two 

prices. Specifically, the FAR coefficients for LTP in the southern part range from -

213.35 RMB/m2 to -193.71 RMB/m2, nearly doubled than that of EST (ranging from -

108.20 RMB/m2 to -91.64 RMB/m2). In comparison, the coefficients for LTP in the 

northern part change between -193 RMB/m2 and -130 RMB/m2, compared to that of -

91.64 RMB/m2 to -45 RMB/m2 for EST, indicating approximately 2.5 times change. Due 

to the land scarcity, industrial land is barely developed in the central core districts 

(Chaoyang, Dongcheng, Fengtai, Haidian, Shijingshang, and Xicheng). Therefore, the 

results suggest that when adjusting FAR coefficients based on the original equation, 

a multiplier of 2 can be further applied in the districts below central core area, 

particularly in the districts of Daxing, Fangshan and Tongzhou, with a multiplier of 2.5 

applied in the districts above core area (such as Changping, Huairou, Miyun, Pinggu 

and Shunyi).   
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 Figure 7.14 Comparison of FAR Distribution between LTP and LBP Estimates 

 

7.5. Summary 

This chapter had further added to the study by investigating the spatial pattern 

between market land transactions and LBP estimates, by taking spatial heterogeneity 

into consideration. It was believed that to improve the accuracy of the LBP method, it 

was not enough to merely increase the update frequency, instead spatial components 

should also be taken into consideration. Indeed, no matter how frequent LBP can be 

updated, it always represented past transaction values.  Evidence was presented, that 

a more frequent land transaction price index should be considered to make LBP better 

track market movement. In this way, a more efficient method can be made for LBP 

update given that land grades were not necessarily upgraded before the new LBP. 

However, inconsistency in such a land transaction price index was possible given it is 

based on districts whereas LBP compilation is based on land grades. Therefore, this 

chapter outlined a means of improving LBP accuracy with specific geographical focus 

based on districts instead of land grades.  

Section 7.2 carried out an OLS regression in three sectors. The results showed that 

LBP, LBP estimates and valuation differentials were significantly correlated with the 

transaction price in both residential and industrial markets, indicating a close 

relationship between the LBP and market transaction price, compared to the variables 

of LBP and valuation differentials staying statistically significant in the commercial 

market. The absence of LBP estimates in explaining the commercial transaction price 

can be explained by a market maturing process where a simplistic concept of a 



 
225 

 

formula-driven method of LBP fails to meet the requirements of current undeveloped 

commercial land valuation.  

FAR, on the other hand, was statistically significant in all three sectors, yet with 

opposite influences. Specifically, the negative coefficient in the residential and 

industrial market reflected that low-density residential buildings potentially led to higher 

land premium. In contrast, FAR showed a positive impact on the commercial land 

transaction price. The inconsistency in the relationship between FAR and land 

transaction price can be contributed to the degree to which capital and land can be 

substituted for each other, in order for developers to achieve the maximum profit.  

GWR was applied in Section 7.3 in each sector to account for spatial heterogeneity 

based on the OLS results. The dramatic variation of GWR coefficients exhibited that 

the estimation was not constant in the study area and that GWR was more proficient 

with the identification of the extreme high and low values. The distribution pattern of 

LBP estimates indicated that the government-imposed LBP instruction had a more 

influential impact on the market transaction price in the outer areas where the districts 

were in an early growth stage and there is less infrastructure development such as 

transport access and public services. Indeed, when the transactions in an area were 

not adequate to serve as the market comparables, LBP method became a substitute 

valuation technique. The results were in line with distribution of valuation differentials 

where the valuation differentials tended to have a bigger impact on the market 

transaction prices in the less active sub-markets. This was presumably due to the 

reason that in the districts with less market transaction records, the transaction price 

reacted more sensitive to the LBP estimates with a lack of market dynamics. 

Finally, land transaction price land LBP estimates were tested separately as a 

dependent variable to compare and contrast the explanatory variables together with 

their spatial distribution in Section 7.4. The comparison showed the high school was 

an imperative variable to take into consideration while compiling LBP for residential 

market. As for the commercial market, the inconsistencies surrounding the 

geographical distribution of LBP, regressed on LTP and EST, indicated the 

homogenous areas can be divided based on districts instead of land grades. 

Furthermore, the adjustment of FAR should combine considerations of both building 

intensity and location. For the industrial market, the current homogenous divided areas 
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were relatively accurate. However, the LBP assigned in each homogenous area shall 

have a downward adjustment to match the market transactions. In addition, the 

distribution of FAR showed the similarity between two prices, yet a different multiplier 

was suggested to be applied for the FAR coefficient adjustment. 
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Chapter 8 Conclusion 
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8.1.  Introduction  

The main focus of this chapter is to demonstrate the key findings and conclusions 

derived from this thesis. Having established the research methods and interpreted the 

results, this chapter offers an overall conclusion on the key findings and links them 

with the aim and objectives set up in Chapter 1. In doing so, this chapter provides the 

notable issues identified by the empirical research and contrasts the analysis with the 

existing body of theoretical and academic knowledge. The methodology and 

underpinning research developed in this thesis are both original and of practical 

importance to practising valuers but also to standard setters such as professional 

bodies in relation to the associated regulations, and government administrators 

regarding the LBP revision in China. 

Figure 8.1 Position of Chapter 8 in Relation to the Previous Chapters 
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Specifically, section 8.2 draws key findings from the research and responds to the 

research aim and objectives outlined in Chapter 1. Furthermore, overall conclusions 

are made from the application of the modelling stage, which aim to contribute to both 

theoretical and empirical knowledge from this thesis and to the existing literature on 

Land Benchmark Price valuation practice (section 8.3). Section 8.4 details the 

research limitations, followed by a number of recommendations for further study in 

section 8.5.  

8.2.  Key Research Findings  

This thesis demonstrated the uniqueness of Chinese land market in terms of the land 

development process, its close relationship with the central government administration, 

and the special land tenure system and distinct land valuation method of Land 

Benchmark Price (Chapter 2). To briefly recapitulate, unlike most developed countries 

or other emerging economies where the real estate market development was largely 

driven by rapid urbanization and industrialization. This thesis established that the 

underpinning driving forces of land development and expansion in China were based 

on a combination of the urban demographics, economic transition, and conflicts 

between the central and local land administrative systems (Section 2.2). This made 

the Chinese land system and its LBP valuation approach unique and worthy of further 

theoretical and empirical investigation. 

The aim of this thesis was to carry out an in-depth investigation of the effectiveness 

and accuracy of government-published Land Benchmark Price in valuing land in China 

(Section 1.4). Urban land price is viewed as an important indicator to guide land 

resource allocation for urban land development and management, especially in 

transitional markets where the infrastructure and population change rapidly. Therefore, 

the ability of valuers to accurately assess the land market price is essential to maintain 

a sustainable pricing mechanism in the Chinese land market, improve transparency 

and reduce corruption. Existing literature showed a focus on urban land transaction 

price, or the LBP on its own, which was largely due to the inadequate attention paid 

on valuation (in)accuracy and distortions in LBP method ascribed to data limitations 

(Section 2.5). In this sense, this thesis filled the current research gap to investigate the 

direct relationship between the two prices of LBP estimates and the urban land 

transaction price in China (Chapter 5 – 7). The aim of the thesis was achieved by five 
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objectives. The rest of this section will summarise the content of the thesis against 

each research objective.  

 

i. To theoretically evaluate the underpinning land administrative environment 

in relation to the urbanisation process and LBP land valuation method in 

China. 

 

This thesis identified strong governmental control and influence on urban land 

development from a supply and valuation perspective (section 2.2) linked to the 

hierarchical land administrative divisions operated both centrally and locally (Section 

2.3). This centralised control whilst positive from a land management and policy 

implementation viewpoint did affect the ability of the Chinese real estate market to 

operate under open market conditions. One key finding captured the political 

centralisation and fiscal decentralisation as exerting a detrimental impact on land 

expansion in terms of the loss of cultivated land, uncontrolled urban sprawl and 

inefficient urban land use in China, due to the conflicts between the hierarchical 

administrative operations (Section 2.3.1). On the other hand, the fiscal decentralisation 

distributed regional growth benefits to local government for land development, 

demonstrating that there was an uneasy administrative relationship. In this regard, this 

research further noted that these inconsistencies between top-down policy-making 

decisions and the divided land administrative system may hinder land governance in 

the Chinese real estate market, which could potentially lead to an inefficient land 

administration (Section 2.3.2). It is clear that this balance between the hierarchical 

tiers of government and the distribution of the wealth generated from real estate, 

requires careful management to ensure that the market can function effectively. 

Furthermore, the thesis identified that the land tenure system in China, which allowed 

Land Use Rights (LURs) to be transacted in the market with land still owned by the 

government in name, exerted negative influences on the land development in Chinese 

land market (Section 2.3.2). The literature review showed that the monopolised land 

supply and land hoarding behaviour of local government were largely responsible for 
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land development delays and development imbalances in relation to industrial and 

residential development. This was prevalent due to the drive to maximise local 

revenues at the expense of market efficiency. More importantly, this led to a land 

supply in some cities that did not respond to the market demand, but rather became a 

factor of excessive government intervention, which may in turn disturb the land 

valuation practice and hence the open land market price mechanism in the Chinese 

real estate market.  

This thesis further centred on the practice of LBP for vacant land valuation in China 

by comparing the regulations supervising the usage of LBP (Section 2.5). In this regard, 

it was revealed that a fragmented regulation system existed in guiding the usage of 

LBP through a disparate series of professional body standards and local authority 

manuals that prescribed the valuation methods and their application (Section 2.4). This 

thesis argued that this divergence in the guidance of LBP may inevitably cause 

valuation inconsistencies and create confusion for practising valuers, potentially 

leading to inconsistent application of the LBP method, hence weakening valuation 

accuracy (Section 2.5.2).   

In addition, this thesis identified the role of urban land grade as the fundamental basis 

of LBP method (Section 2.5.1), where each land grade was allocated with a 

homogeneous value (i.e. LBP) to represent the average land price for that grade. The 

re-assessment of urban land grade which was based on a series of factors such as 

communication accessibility, infrastructure development, environmental quality, 

population density and surrounding property aggregation, was recognised as a time-

consuming process which failed to keep pace with the fast urban expansion and 

regional growth, leading to a delays in the LBP updates and a widening of the time lag. 

The issues of suggesting an appropriate LBP update frequency and re-defining land 

grades as basis of the LBP method are discussed in this thesis in section 6.3 and 

section 7.4.3 accordingly.  

Furthermore, this thesis regarded the LBP method as a mass valuation method, with 

a set of government-specified variables to be adjusted by the practising valuers to 

assess a subject parcel of land from the generalised LBP (Section 2.5.1). This 

research further highlighted that the number of contextual factors in the LBP 

formulation had been slightly altered following each update, gradually repositioning it 
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towards a more market-orientated method. For the latest update of LBP, the 

adjustment of appraisal date by the use of government-published land price index 

(GOVI), Floor to Area Ratio (FAR), land use and influencing factors were imperative 

variables for land assessment in LBP method, but uncertainty exists on how future 

changes of the LBP component equation could impact on the land valuation process 

(Sections 2.5.2 and 2.5.3). This research argued that although it was commonly 

claimed that “valuation is an art, not a science”, valuation in China by the LBP method 

remains more prescribed, with intention for the government to intervene directly or 

indirectly in the land market through the valuation process. This thesis further 

highlighted the similar practice of utilising a government-published LBP in a wider 

Asian context, while not perfect, it can help enhance information transparency as well 

as enable fair land transactions where market evidence is not available (Section 2.5.3).  

 

ii.  To conceptualise the use and application of traditional and advanced land 

valuation methods and determine how valuation accuracy is measured in a 

global context. 

 

This research provided a systematic review of the traditional and advanced methods 

of real estate valuation to investigate the key determinants of real estate price. Three 

methods were highlighted in this thesis, namely hedonic pricing models, time-series 

models and spatial analysis models (Sections 3.3.1, 3.3.2 and 3.3.3). The review of 

hedonic pricing models identified the essential variables in real estate price 

construction, covering locational attributes, socio-economic characteristics and 

structural factors. This offered a valid justification of the variables employed later in 

the empirical analysis of this thesis. The review of time-series models documented the 

inter-dependency between the real estate market and macro-economic variables, 

which supported the need to investigate the temporal nature of the interaction between 

LBP estimates, market transaction price and the government-published land price 

index (GOVI) (Sections 3.3.2 and 6.2). Furthermore, the review of spatial modelling 

techniques emphasised the importance of the spatial effects of spatial dependency 

and heterogeneity in real estate valuation, which provided an option to improve the 
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forecast level of urban land price as well as re-define homogenous areas using the 

LBP method by taking spatial effects into consideration (Section 3.3.3 and 7.4).  

Furthermore, the thesis highlighted the importance of the professional bodies and 

educational institutions in guiding the valuation practice and promoting advanced 

valuation methods (Section 3.3). Although largely employed by scholars, advanced 

methods were not commonly employed in valuation practice, due to compliance with 

valuation standards which seldom stipulated the use of specific methods (Section 3.3). 

This left the valuation accuracy to be largely enforced by the five traditional valuation 

methods (Section 3.2). The view of valuation accuracy in a global context provided a 

benchmark to evaluate the valuation practice by LBP method. In this sense, this thesis 

established a clear difference in the level of accuracy captured between developed 

and developing countries given issues surrounding market maturity and data shortfalls 

(Section 3.4) Greater valuation accuracy was observed in developed countries, with a 

typical margin of error up to 15% - 20%. Efforts to investigate valuation (in)accuracy 

in developing countries, in contrast, were limited and the margin of error observed in 

developed countries was unlikely to be possible in immature markets (Section 3.4). 

The thesis demonstrated that the shortage and reliability of real estate market 

information remained the biggest obstacle in developing countries, which hindered the 

investigation of valuation (in)accuracy. This thesis, consequently, highlighted the 

research gap of valuation (in)accuracy identification in developing countries, which 

called for an urgent investigation. The effort to capture the valuation (in)accuracy in 

one of the biggest developing countries of China with particular attention of LBP 

method was initially made in this thesis, which is discussed in Objective 3.  
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iii.  To empirically measure and test the valuation (in)accuracy of the LBP method 

in land appraisal and capture the dynamics underpinning the valuation 

discrepancy.  

 

The thesis empirically investigated the valuation (in)accuracy of the LBP method in 

land appraisal, which involved the author of this thesis manually carrying out the 

valuation adjustments prescribed by the LBP method (Section 4.6.1.1) and comparing 

these estimates to the market transaction prices across the residential, commercial 

and industrial land markets (Sections 5.3.1, 5.3.2 and 5.3.3). Previous studies 

examining accuracy in China have focused on the ability of the LBP to directly map 

transaction price despite the fact that it was only a starting point to a complex set of 

adjustments. This thesis, in comparison, differed from the existing research in terms 

of actually calculating the land price using the appraisal formulas and coefficients 

adjustments in the same way that a local valuer would do (Section 4.6.1). In this regard, 

this research established a significant valuation differential in LBP, intensifying the 

valuation accuracy concerns expressed in the earlier literature review about immature 

markets.  A valuation differential ranging from -69% to -52%, and from -60% to -42% 

were identified for residential and commercial land market separately, indicating an 

overall negative valuation differential in the two sectors where the LBP estimates were 

substantially below the market transaction price (Sections 5.3.1 and 5.3.2). In contrast, 

an overall positive valuation differential was demonstrated in industrial land market 

with valuation differentials lying between 55% and 117% (Section 5.3.3). The thesis 

argued that despite the effort of LBP to trace the market movements by applying the 

government-published annual land price index, a fairly poor level of valuation accuracy 

was captured, with LBP estimates significantly diverging from the market transaction 

price (Section 5.3). This was due to a limited frequency of the LBP updates, which 

failed to represent the market movement. Moreover, the thesis further evidenced that 

by empirically undertaking the manual, the formula-driven LBP was found to be 

incapable in reflecting market principles of supply and demand, as well as those non-

numeric-expressed influencing factors such as environmental impact. This can, in turn, 

cause a disparity between how a developer and the government considered the price 
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construction, leading to a skew in market pricing. The subsequent update of LBP in 

2014 was further captured to determine the extent to which it improved the valuation 

accuracy, evidenced by an increased number of the valuations within the bracket of 

±20%. However, such improvements were soon found to cease. This calls for a more 

frequent LBP update with appropriate time frame, which is discussed in Objective 4.  

The valuation accuracy analysis further revealed that the accuracy of the LBP in 

industrial land valuation depended on the land grades and whether the industrial 

development zones were allocated to the appropriate land grades (Section 5.6). 

Unfortunately, the LBP exhibited systematic bias where certain locations were 

mismatched into the wrong land grades which contributed to the weak land valuation 

differentials. The potential land grades mismatch in residential and commercial market, 

in comparison, remained much more difficult to identify, because residential and 

commercial land did not develop in the clustered zones, illustrating a more spatial 

heterogenous distribution. A district-based division instead of land grade was 

recommended by this thesis, which was discussed in section 7.4. 

In addition, large discrepancies were identified between the LBP estimates and the 

market transaction price which tended to smooth the valuation peaks and troughs 

(section 5.2). It was concluded that this may be arbitrarily implemented by the 

government to set a low benchmark price for residential and commercial land and a 

high benchmark price for industrial market with the purpose to reach a desired pricing 

outcome for the real estate price adjustment. The thesis highlighted the pitfalls in 

relying solely on the overly formulaic LBP method to appraise land in China (Section 

5.5), which revealed the shortfalls of the formula-driven LBP to track the market 

movement, especially when the market was experiencing volatility, resulting in 

smoothing effects in land appraisals. The LBP method, consequently, worked better 

in a homogenous market with stable market conditions. The empirical finding in terms 

of the magnitude of the accuracy issues highlighted the concerns of the employment 

of LBP method in the transitional Chinese land market characterised by fast market 

movements and market fluctuations. The thesis, therefore, called for an urgent 

requirement to improve the accuracy performance of LBP method, which is discussed 

in section 7.4. 
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Moreover, by applying correlation analysis, this research emphasised a strong 

association between land transaction price and wider social-economic indicators, such 

as lending rate, urban fixed asset investment, Foreign Direct Investment in real estate, 

GDP and population in all three sectors in residential, commercial and industrial land 

market (Sections 5.4.1, 5.4.2 and 5.4.3). As endorsed in the literature, this close link 

to the wider financial environment was typical of valuation-based research to drive the 

real estate price. LBP, on the other hand, was also captured to present a strong 

correlation with these social-economic indicators in all sectors, indicating that LBP was 

related to the wider financial environment, and, hence, the assessment of land price 

by LBP should reflect the adjustment of financial indicators, which is missing in present 

valuation practice (Section 5.4). This thesis, consequently, highlighted the deficiencies 

of the current LBP method in overlooking the adjustments from social-economic 

variables, given the limited potential for inputs requiring valuers’ professional 

judgement. The consideration of the wider financial sector, therefore, formed a key 

determinant for LBP valuation performance.  

By adopting the OLS method, this thesis captured the variables that contributed to the 

valuation differentials between LBP estimates and market transaction price (Section 

5.5). Indeed, the OLS model developed further confirmed the importance of these 

social-economic indicators, with lending rates being the foremost concern in 

significantly enlarging the valuation discrepancy in commercial market, and urban 

fixed asset investment and Foreign Direct Investment in real estate in industrial market. 

A further key finding from this thesis demonstrated that the formula-driven LBP largely 

focused on the indicators that can be expressed in a numerical way, whereas those 

non-numeric expressed influencing factors such as environmental impact were much 

less considered.  This can cause a disparity between how a developer and the 

government considered aspects such as green space and density within their price 

constructs, leading to valuation inaccuracy in LBP. 
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iv. To examine the inter-relationships between the government-controlled pricing 

system of LBP and land price index compared to the market transaction price. 

 

Time-series analysis using the Autoregressive Distributed Lag (ARDL) model was 

conducted to provide a better understanding of the inter-dependency between the real 

market transaction price, LBP estimates, and the government land price index (GOVI), 

in the Chinese land market (Sections 3.3.3 and 4.6.2). Importantly, the development 

of the time-series model highlighted the pricing system in Chinese land market by 

demonstrating the long-run equilibrium relationship, short-run dynamics and direction 

of causality between three prices (Sections 6.2 and 6.3). The originality of the adoption 

of time-series model in the thesis contributed to the current studies by illustrating the 

impact of government-controlled pricing system of LBP and GOVI on the market 

transaction price, which permitted a more reflective picture of market pricing system 

in China. Significantly, the time-series model applied in this research illustrated a 

complex association between the market transaction price, LBP and GOVI, confirming 

the governmental involvement in the land market from a valuation perspective through 

land price management system of LBP and GOVI (section 6.2.1). Furthermore, a 

decreasing impact from LBP and GOVI on the market transaction price after 2014 was 

further noticed in this research from both long-run equilibrium and short-run dynamics 

in residential and commercial market, indicating a maturing process in both markets 

started to emerge where the market transaction price progressively reduced the 

influence of government control under LBP and GOVI (Sections 6.2.2 and 6.2.3). In 

contrast, the thesis demonstrated a fact of a strengthened control of the collective 

effect of LBP and GOVI on industrial land market (Section 6.2.4). 

The short-term Granger Causality applied by the thesis highlighted the direction of 

causation between the three prices, illustrating an ideal LBP update frequency for each 

sector (Section 6.3). The study demonstrated a mutual association between market 

transaction price and LBP estimates in the residential market of up to four months, 

after which LBP estimates stopped to show a feedback influence on the market 

transaction price, indicating a quarterly update of LBP for residential land market. LBP 

estimates from the commercial land market, in comparison, did not capture to Granger 

cause market transaction price, which would suggest that use of the LBP in 
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commercial land valuation should be halted due to the limited connection between the 

LBP and market transaction price. For the industrial land market, LBP estimates were 

captured to uni-directionally direct market transaction price for six months’ lag, 

indicating a bi-annual update of LBP for industrial market.  

Furthermore, by adoption of time-series analysis, this thesis offered valid suggestions 

for calibrating weighing scales when LBP was mixed with other land valuation methods, 

such as market comparative method or residual method in residential, commercial and 

industrial market separately. Although the specific percentage was not identified when 

calibrating with different methods, this thesis recommends a heavier reliance on the 

LBP assessment in the industrial land market compared to residential and a complete 

halt for the commercial market. 

 

v. To compare and contrast the spatial factors influencing the LBP estimates and 

the market transaction price to re-define the homogenous areas for LBP 

method by district.  

 

A key finding of the spatial analysis demonstrated the locational variables that 

significantly influenced the market transaction price (but were overlooked by the LBP 

formula), as well as their associated coefficient adjustments by capturing the spatial 

distribution between the LBP estimates and the market transaction price in the three 

sectors (Sections 7.3 and 7.4). The thesis highlighted the importance of locational 

attributes to form another key determinant for LBP price construction. The results 

revealed that distance to high school was demonstrated as the foremost locational 

attribute in residential land transaction price, with the distance to the nearest railway 

station and subway station for commercial market; and distance to the CBD and 

subway station for industrial market (Sections 7.3.1, 7.3.2 and 7.3.3). These locational 

attributes are not currently adjusted for by the LBP method, but are recommended by 

this thesis to be included in later LBP updates for a more accurate valuation (Section 

7.4).  
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Importantly, the adoption of the spatial modelling technique of Geographically 

Weighted Regression (GWR) highlighted spatial non-stationarity, which assisted this 

thesis in the assessment of revising homogenous areas for LBP method (Section 7.4). 

This research discovered that the spatial model provides an original and valuable 

insight into the locational division of homogenous areas based on clustered spatial 

distribution, where the idea of land grades practised as the basis of LBP can be 

effectively disregarded. Different from the government instruction to divide land grades 

depended on economic, social and natural attributes of land, this thesis divided 

homogenous areas based on administrative districts. In doing so, the time-consuming 

land grade system would no longer form the basis of the LBP method. Instead, the 

district divisions were evidenced to better represent homogenous areas. It was further 

revealed by this research that using district divisions outpaced land grade system for 

two reasons. Currently, it took a long time and was costly to update the LBP, mainly 

because of the update of land grades. By using urban district divisions, this could 

assist a more regular updated frequency of LBP. In addition, the fast-urban expansion 

made the land grade change dramatically in each update. This made LBP in each land 

grade non-comparable with each other, because land grades represented different 

areas in each update. In contrast, using urban district divisions could reduce the 

influence of urban expansion and make the LBP comparable with each other in each 

district every time LBP gets updated. In doing so, LBP can better represent the market 

movement. Table 8.1 draws and summarises key research findings derived from the 

three phases from empirical stage of this thesis.
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Table 8.1 Summary of Key Research Findings from Empirical Stage 

Note:  MoE denotes Margin of Error; LTP denotes Land Transaction Price; IR denotes Interest Rates; POP denotes Population; UF denotes Urban Fixed 

Asset Investment; FDI denotes FDI in Real Estate; LA denotes Construction Land Area; GOVI denotes Land Price Index

 Phase 1 of  
empirical stage (OLS) 

Phase 2  
of empirical stage (ARDL) 

Phase 3 
of empirical stage (GWR) 

Residential  MoE:  -69% to -52%; 
 

Both LBP and LTP correlated with LR; 
IR; POP; GDP; UF; FDI; 
 

Variables contributes to MoE: LA 
  
 

LBP update: quarterly  
 

Market intervention: weakening gov. 
control from LBP and GOVI on LTP; 
 

Weighing scales: less weight 

Overlooked variable by LBP: 
Distance to high school 

Commercial  MoE:  -60% to -42%; 
 

Both LBP and LTP correlated with IR; 
POP; GDP; UF; FDI; 
 

Variables contributes to MoE: LR 
 

LBP update: immediately  
 

Market intervention: weakening gov. 
control from LBP and GOVI on LTP; 
 

Weighing scales: 0 

Overlooked variables by LBP: 
Distance to nearest railway 
station; Distance to nearest 
subway station 

Industrial  MoE:  55% to 117%; 
 

Both LBP and LTP correlated with 
POP; GDP; UF (with LBP correlated 
with IR; and LTP with FDI); 
 

Variables contributes to MoE: UF; FDI; 
 

Land grade mismatch 

LBP update: bi-annually   
 

Market intervention: strengthening 
gov. control from LBP and GOVI on 
LTP; 
 

Weighing scales: more weight 

Overlooked variables by LBP: 
Distance to CBD; Distance of 
subway station 
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8.3.  Key Research Contributions to Knowledge 

The key findings revealed by this research make both theoretical and empirical 

contributions to the existing literature and add new discoveries to the growing body of 

research in urban land valuation accuracy with a particular focus on the transitional 

economy in China. This research demonstrated six important contributions to 

knowledge. Firstly, this research has been the first to quantitatively measure the 

margin of error on land valuation, with a special focus on a developing country’s 

perspective using the LBP method. In contrast to the existing studies where authors 

tended to directly compare LBP to the market transaction price, as discussed earlier, 

this thesis calculated the LBP appraisals based on the LBP manual and compared 

these estimates to the market transaction prices across the residential, commercial 

and industrial land markets. The rigorous testing enabled the author of the thesis to 

replicate the practising valuer. The results contributed to the existing knowledge of 

valuation accuracy by showing a significant discrepancy between LBP estimates and 

market transaction price, indicating a poor valuation accuracy captured using the LBP 

method and the inability of the LBP adjustments to accurately represent market 

movement.  

Secondly, this thesis contributed to existing knowledge by providing insights into the 

ideal LBP update frequency. While previous research suggested a regular update 

frequency, they commonly failed to identify a practical update timeframe. In 

comparison, this thesis suggested an ideal update frequency for each sector through 

the adoption of the time-series analysis technique, which provided a theoretically 

sound basis for recommendation to government administrators to consider in 

implementing future updates in Beijing.  

Thirdly, there existed limited attempts in the current research at improving urban land 

valuation accuracy by suggesting changes to the LBP method. This research 

contributed to the existing knowledge by demonstrating which variables had the most 

significant impact on value that were not considered by the current practising LBP 

method, and their associated coefficient adjustments. The spatial model was 

developed to emphasise these overlooked yet important factors in influencing urban 

land valuation. The contributions made by the adoption of spatial model in this thesis 
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revealed the specific locational factors that need to be included for better valuation 

accuracy. 

Fourthly, this thesis provided a unique approach for assessing homogenous areas for 

LBP method. Different from government instruction which was depended on economic, 

social and natural attributes of land, this thesis identified through the spatial analysis 

that by utilising the homogenous area divisions denoted by the administrative districts 

demonstrated a much more efficient clustered spatial distribution. In doing so, the 

time-consuming updating of the current land grade system would no longer be 

necessary to form the basis of the LBP method. Instead, the urban district divisions 

were evidenced to better represent the homogenous areas.  

Fifthly, the investigation of the LBP method highlighted a number of significant impacts 

on the key stakeholders of practising valuers, professional bodies as well as 

government administrators. Regarding practising valuers, one of the most practical 

implications is the calibration of the current LBP method with other land valuation 

methods. The results of this research suggest that the use of LBP for land appraisal 

in the residential market is recommended to have less calibrating weighting when 

mixed with other valuation methods. In contrast, a larger calibrating weighting is 

recommended for use of LBP in industrial land appraisal especially where there is 

limited market evidence. Commercial land assessment, however, is not advised to use 

LBP method given the poor relationship between it and market price.  

Regarding professional bodies and the associated regulations, it is demonstrated in 

the research that a convergence of the fragmented institutions and regulations is 

required to further guide consistent valuation standards and practice. Particularly, the 

three regulations implemented in China to regulate the practise of LBP with different 

valuation purposes. The divergence regarding the use of LBP method among the three 

regulations is likely to cause at best valuation inconsistencies and more likely valuation 

inaccuracies unless resolutions are sought to reconcile the values obtained from more 

than one method. In addition, the number of valuation methods used, and the 

weighting factors applied are not uniformly treated across the regulations governing 

valuer practice. As a result, this could potentially create confusion for practising 

valuers, leading to imprecise adjustments or inconsistent application of the valuation 

methods. Furthermore, advanced valuation methods which utilise mathematical 
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models are recommended to be promoted by the professional bodies to improve the 

awareness and use of these mathematically based models. In promoting a mix of 

advanced valuation methods with traditional methods, is likely to lead to more accurate 

mass valuations. 

Regarding government administration, a few overlooked variables of the LBP formula 

are discovered by this thesis, which it is believed could theoretically help improve 

urban land valuation accuracy. In addition, the research demonstrates that there are 

various pitfalls in relying solely on the overly formulaic LBP method to appraise land 

value in China notably from the regularity of LBP updates and the influence of land 

grade. The empirical finding presents new update frequencies for government 

administrators to ensure that the LBP method more accurately reflects the market 

transaction price. Furthermore, this thesis suggests using urban district divisions as 

the basis of LBP instead of time-consuming formulated land grades. In doing so, it 

assists LBP to have a more frequent update become comparable after each update.  

Finally, this thesis argues that LBP, represents the market price from the past. It will 

inevitably create valuation differentials no matter how sophisticated an equation is 

applied. The Chinese land market only has a three-decade history (after 1989) 

transitioning from the free allocation by the central government to a market-orientated 

system. Indeed, LBP in this transitional period can still serve as a valuation method. 

Moreover, LBP will continue to be of great importance in the areas where there is 

limited public data. However, it is suggested, that as the market gradually matures and 

market information progressively improves, LBP will probably be better served to 

represent market historical data rather than as a dedicated valuation method in the 

future. 

8.4. Research Limitations 

The findings in this thesis are subject to two main research limitations. First, due to the 

immature market data limitations, the LBP estimates used in this thesis were assessed 

manually by the author, under the hypothesis that the valuation estimates conducted 

by the author were able to substitute the practising valuers. This was based on the 

fact that same market data from auctions, same valuation method of LBP and the 

coefficient adjustments recommended in the local manuals were followed. This strict 
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prescription of LBP, consequently, enabled the author to replicate what the industries 

do, establishing a theoretical basis for the appraisal results.  However, it must be 

recognised that some valuers may deviate from the manual and exercise their own 

professional judgement resulting in values which may be different to those presented 

affecting the accuracy differentials returned.  

The second limitation of this research was the absence of a testing phase to help 

validate the results or revise the LBP equation. Ideally this research would have 

incorporated a feedback loop which tested whether a revision to the LBP formula could 

result in valuation accuracy improvements that better represented market movements 

across the respective sectors. However, due to time limitations, this thesis only 

provided the theoretical framework for improving the LBP method, without empirically 

testing the appraisal results.   

8.5.  Recommendations for Further Research  

The key contribution of this research was to provide insights into the potential 

adjustments necessary to improve valuation accuracy of the LBP method in Beijing. 

There is potential for the methodology developed in this thesis to be further tested and 

applied to other cities to determine if similar accuracy issues are prevalent. 

Furthermore, the rationale underpinning the use and application of government-

published land price index (GOVI) remains unclear as this land index was shown in 

this research to have an extremely poor accuracy at tracing either LBP or market 

transaction price. Further theoretical and empirical research is therefore needed to 

ascertain more evidence in how best to revise the current urban land price index. 

Likewise, as mentioned above, awareness of how to calibrate or reconcile the 

percentage split between the contribution of the LBP price and other land valuation 

methods needs to be strengthened and better prescribed. In this regard, further 

analysis is needed to identify the most appropriate weighting factors to reconcile the 

price estimates obtained via the LBP and other valuation methods. This would 

overcome the deficiencies in the more recent manuals which no longer explicitly state 

how to reconcile which creates inconsistencies and inaccuracies in the way it is 

applied. 
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Appendix 

Appendix 1 Statistics for Residential land Price Indices 

  Transaction price-based 
index 

LBP estimates-based index GOV published 
index 

Date N mean Index  mean Index Index 

MAR 2003 2 132.44 1.00 1321.92 1.00 1.00 
APR 2003 2 477.73 3.61 1242.50 0.94 1.00 

MAY 2003 1 522.00 3.94 1632.96 1.24 1.00 

JUN 2003 1 2500.07 18.88 1798.56 1.36 1.00 
JUL 2003 2 700.47 5.29 1458.72 1.10 1.00 

AUG 2003 2 414.30 3.13 1132.72 0.86 1.00 
SEP 2003 6 1811.25 13.68 2462.31 1.86 1.00 

OCT 2003 4 602.51 4.55 1066.01 0.81 1.00 
NOV 2003 1 656.84 4.96 916.23 0.69 1.00 

DEC 2003 2 1253.25 9.46 1076.60 0.81 1.00 
FEB 2004 1 3924.67 29.63 1595.19 1.21 1.15 

APR 2004 3 2503.24 18.90 1209.15 0.91 1.15 
MAY 2004 2 1694.36 12.79 2253.60 1.70 1.15 

JUN 2004 4 1000.76 7.56 1229.90 0.93 1.15 
JUL 2004 5 1527.02 11.53 1537.42 1.16 1.15 

AUG 2004 3 823.00 6.21 1209.24 0.91 1.15 

SEP 2004 1 3005.04 22.69 1710.72 1.29 1.15 
DEC 2004 2 1692.38 12.78 1385.12 1.05 1.15 

JUN 2005 1 1309.07 9.88 613.39 0.46 1.44 
JUL 2005 1 631.40 4.77 752.85 0.57 1.44 

AUG 2005 1 168.71 1.27 558.99 0.42 1.44 
DEC 2005 2 1138.74 8.60 1223.62 0.93 1.44 

FEB 2006 1 1689.38 12.76 935.48 0.71 1.81 
APR 2006 7 1683.41 12.71 1959.80 1.48 1.81 

AUG 2006 2 647.34 4.89 736.35 0.56 1.81 
SEP 2006 1 1119.33 8.45 885.36 0.67 1.81 

OCT 2006 1 1388.36 10.48 820.26 0.62 1.81 
DEC 2006 4 1291.28 9.75 926.98 0.70 1.81 

JAN 2007 1 2702.75 20.41 2454.99 1.86 2.35 
FEB 2007 3 2484.20 18.76 2269.62 1.72 2.35 

MAR 2007 1 6380.00 48.17 6822.97 5.16 2.35 

APR 2007 3 3367.13 25.42 2162.58 1.64 2.35 
MAY 2007 4 2521.24 19.04 2002.75 1.52 2.35 

JUN 2007 1 1102.95 8.33 1160.25 0.88 2.35 
JUL 2007 2 5409.53 40.84 3878.01 2.93 2.35 

AUG 2007 1 3125.00 23.59 996.45 0.75 2.35 
SEP 2007 1 4674.71 35.30 1701.57 1.29 2.35 

OCT 2007 1 11378.92 85.92 3772.44 2.85 2.35 
NOV 2007 5 4993.61 37.70 1985.23 1.50 2.35 

DEC 2007 10 4125.13 31.15 1899.22 1.44 2.35 
JAN 2008 9 4017.70 30.33514 2541.04 1.92 2.68 

FEB 2008 2 9215.48 69.58036 6706.44 5.07 2.68 
MAR 2008 1 4021.36 30.36276 5411.98 4.09 2.68 

MAY 2008 1 6495.95 49.04683 1297.94 0.98 2.68 

AUG 2008 1 5737.08 43.3171 4784.13 3.62 2.68 
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OCT 2008 5 2528.85 19.09373 2510.92 1.90 2.68 
NOV 2008 6 2673.00 20.18214 3163.74 2.39 2.68 

DEC 2008 2 4750.96 35.8715 2850.26 2.16 2.68 
JUN 2009 1 3528.13 26.63872 2285.32 1.73 2.79 

JAN 2010 1 8016.32 60.52619 5823.10 4.41 3.45 
MAY 2010 2 2592.28 19.57265 2131.66 1.61 3.45 

JUL 2010 2 5900.98 44.55463 1922.39 1.45 3.45 
AUG 2010 1 7062.15 53.32186 4445.86 3.36 3.45 

SEP 2010 2 4174.83 31.52151 1912.76 1.45 3.45 
NOV 2010 6 6251.86 47.20391 1890.97 1.43 3.45 

DEC 2010 7 7909.96 59.72313 1650.25 1.25 3.45 
JAN 2011 1 6260.81 47.27148 528.43 0.40 3.48 

APR 2011 2 4291.12 32.39959 2515.89 1.90 3.48 
JUN 2011 1 1499.02 11.31818 787.84 0.60 3.48 

JUL 2011 3 7172.05 54.15165 3247.32 2.46 3.48 

AUG 2011 6 5318.36 40.15565 1684.00 1.27 3.48 
SEP 2011 8 6724.64 50.77354 2393.14 1.81 3.48 

NOV 2011 3 3044.74 22.98894 2155.44 1.63 3.48 
DEC 2011 5 5697.32 43.01692 2661.21 2.01 3.48 

FEB 2012 1 3645.65 27.52603 1142.79 0.86 3.51 
JUN 2012 1 6656.95 50.26244 574.26 0.43 3.51 

SEP 2012 6 10929.41 82.52115 2886.50 2.18 3.51 
NOV 2012 1 3292.16 24.85704 574.26 0.43 3.51 

JAN 2013 5 12300.63 92.87435 3539.58 2.68 3.79 
FEB 2013 7 10886.35 82.196 2987.31 2.26 3.79 

MAY 2013 1 18870.42 142.4788 3422.52 2.59 3.79 
JUL 2013 2 15031.05 113.4901 5370.04 4.06 3.79 

AUG 2013 1 6701.47 50.59864 593.14 0.45 3.79 
OCT 2013 2 4170.60 31.48959 1467.73 1.11 3.79 

NOV 2013 4 13724.05 103.6217 3798.75 2.87 3.79 

DEC 2013 2 8703.39 65.71383 593.14 0.45 3.79 
JAN 2014 1 13062.07 98.62354 5423.98 4.10 4.05 

FEB 2014 3 14752.47 111.3867 5609.76 4.24 4.05 
APR 2014 1 16052.74 121.2042 6943.61 5.25 4.05 

JUL 2014 1 28155.74 212.5864 1228.99 0.93 4.05 
SEP 2014 1 20576.03 155.3568 14082.88 10.65 4.05 

NOV 2014 3 6597.15 49.81099 7088.84 5.36 4.05 
JUN 2015 1 11868.34 89.61043 12478.01 9.44 4.25 

NOV 2015 3 18897.66 142.6845 4396.71 3.33 4.25 
OCT 2016 1 20824.08 157.2296 1087.29400 0.82 5.12 

NOV 2016 2 27515.69 207.7538 4905.70113 3.71 5.12 
DEC 2016 4 26588.32 200.7518 6904.02804 5.22 5.12 

JAN 2017 1 9149.13 69.07938 1223.36866 0.93 5.81 

MAR 2017 1 17162.53 129.5836 1223.36866 0.93 5.81 
APR 2017 4 27621.94 208.556 6348.92178 4.80 5.81 

MAY 2017 1 5665.72 42.77833 5261.73710 3.98 5.81 
JUL 2017 6 20597.04 155.5154 4637.55987 3.51 5.81 

AUG 2017 1 14113.49 106.5622 4558.92600 3.45 5.81 
SEP 2017 1 28975.54 218.7762 8305.82610 6.28 5.81 

OCT 2017 2 36488.42 275.5013 14759.74996 11.17 5.81 
NOV 2017 3 20711.10 156.3766 9009.33472 6.82 5.81 

DEC 2017 2 31366.57 236.8294 12585.19745 9.52 5.81 
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Appendix 2 Statistics for Commercial Land Price Indices 

  Transaction price-based 
index 

LBP estimates-based 
index 

GOV published 
index 

Date N mean Index  mean Index Index 

MAR 2002 3 4452.33 1.00 3972.63 1.00 1.00 

FEB 2003 1 4464.00 1.00 3997.50 1.01 1.07 

JUN 2003 1 2753.92 0.62 1565.00 0.39 1.07 

JUL 2003 2 6893.93 1.55 3693.16 0.93 1.07 

SEP 2003 2 1065.64 0.24 1408.19 0.35 1.07 

OCT 2003 3 3191.39 0.72 2553.43 0.64 1.07 

NOV 2003 4 1967.75 0.44 1841.11 0.46 1.07 

DEC 2003 2 1259.80 0.28 1399.03 0.35 1.07 

FEB 2004 1 2316.97 0.52 1493.54 0.38 1.14 

APR 2004 2 4128.72 0.93 3002.58 0.76 1.14 

MAY 2004 1 245.41 0.06 1275.53 0.32 1.14 

JUN 2004 1 6499.91 1.46 5232.50 1.32 1.14 

SEP 2004 1 1629.19 0.37 3108.66 0.78 1.14 

DEC 2004 14 1216.07 0.27 2108.57 0.53 1.14 

JAN 2005 1 2500.35 0.56 2192.86 0.55 1.22 

FEB 2005 3 4259.60 0.96 3297.76 0.83 1.22 

MAR 2005 2 6224.99 1.40 3514.35 0.88 1.22 

APR 2005 3 1849.60 0.42 2015.94 0.51 1.22 

JUN 2005 1 3803.83 0.85 4509.13 1.14 1.22 

SEP 2005 2 5719.91 1.28 3788.06 0.95 1.22 

DEC 2005 4 3255.34 0.73 2713.23 0.68 1.22 

JAN 2006 2 6894.40 1.55 4851.05 1.22 1.32 

FEB 2006 1 3798.71 0.85 2739.54 0.69 1.32 

MAR 2006 1 2998.75 0.67 5555.70 1.40 1.32 

APR 2006 4 1611.38 0.36 1820.09 0.46 1.32 

MAY 2006 3 3435.59 0.77 4126.59 1.04 1.32 

JUL 2006 4 2074.11 0.47 2713.53 0.68 1.32 

AUG 2006 2 464.19 0.10 2247.90 0.57 1.32 

OCT 2006 1 6903.16 1.55 6216.44 1.56 1.32 

NOV 2006 3 4239.17 0.95 2312.13 0.58 1.32 

DEC 2006 5 2651.64 0.60 2819.57 0.71 1.32 

JAN 2007 3 3541.87 0.80 3304.23 0.83 1.54 

FEB 2007 1 3470.78 0.78 2873.52 0.72 1.54 

MAR 2007 1 2901.97 0.65 3066.82 0.77 1.54 

APR 2007 1 7590.87 1.70 8374.66 2.11 1.54 

MAY 2007 5 4042.92 0.91 2584.81 0.65 1.54 

JUN 2007 3 945.33 0.21 1008.82 0.25 1.54 

AUG 2007 1 3688.55 0.83 4336.76 1.09 1.54 

OCT 2007 2 3610.63 0.81 3361.66 0.85 1.54 

NOV 2007 4 3450.44 0.77 2445.44 0.62 1.54 

DEC 2007 4 3603.89 0.81 2446.55 0.62 1.54 

JAN 2008 5 4449.90 1.00 3254.10 0.82 1.76 

FEB 2008 1 3329.20 0.75 2691.37 0.68 1.76 

MAY 2008 1 2152.70 0.48 2413.32 0.61 1.76 

JUN 2008 1 3855.60 0.87 3111.43 0.78 1.76 

JUL 2008 2 4013.39 0.90 3136.85 0.79 1.76 

AUG 2008 1 670.73 0.15 2973.21 0.75 1.76 

DEC 2008 3 3997.86 0.90 2829.15 0.71 1.76 

FEB 2009 1 2029.53 0.46 2862.46 0.72 1.75 

MAR 2009 4 2224.79 0.50 2484.64 0.63 1.75 

APR 2009 4 1125.85 0.25 1585.18 0.40 1.75 

MAY 2009 10 3177.78 0.71 3235.92 0.81 1.75 
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JUN 2009 3 2816.97 0.63 2818.24 0.71 1.75 

JUL 2009 5 3154.83 0.71 2680.72 0.67 1.75 

AUG 2009 4 4156.55 0.93 2973.58 0.75 1.75 

SEP 2009 3 11844.90 2.66 2894.62 0.73 1.75 

OCT 2009 1 18825.00 4.23 2242.10 0.56 1.75 

NOV 2009 1 4098.08 0.92 3176.65 0.80 1.75 

DEC 2009 6 12638.64 2.84 4382.38 1.10 1.75 

JAN 2010 4 4688.45 1.05 2415.37 0.61 2.07 

FEB 2010 2 2058.12 0.46 3312.20 0.83 2.07 

MAR 2010 9 7007.17 1.57 3014.35 0.76 2.07 

APR 2010 3 2208.82 0.50 1434.25 0.36 2.07 

MAY 2010 4 3336.80 0.75 1690.84 0.43 2.07 

JUL 2010 5 6750.43 1.52 3318.49 0.84 2.07 

AUG 2010 3 7273.90 1.63 3416.79 0.86 2.07 

SEP 2010 7 10079.19 2.26 3659.04 0.92 2.07 

OCT 2010 1 7866.49 1.77 2138.84 0.54 2.07 

NOV 2010 7 2984.22 0.67 1943.47 0.49 2.07 

DEC 2010 14 10809.54 2.43 2998.32 0.75 2.07 

JAN 2011 3 6195.24 1.39 2728.88 0.69 2.17 

FEB 2011 9 8595.02 1.93 2496.74 0.63 2.17 

MAR 2011 3 5892.68 1.32 905.19 0.23 2.17 

APR 2011 3 6222.60 1.40 2417.87 0.61 2.17 

MAY 2011 4 4075.64 0.92 3790.84 0.95 2.17 

JUN 2011 3 1305.47 0.29 4333.61 1.09 2.17 

JUL 2011 10 18125.11 4.07 4313.65 1.09 2.17 

AUG 2011 6 7131.42 1.60 3065.45 0.77 2.17 

SEP 2011 3 3073.53 0.69 2110.18 0.53 2.17 

OCT 2011 5 3129.20 0.70 1655.25 0.42 2.17 

NOV 2011 7 6942.43 1.56 2477.78 0.62 2.17 

DEC 2011 5 4115.41 0.92 2189.93 0.55 2.17 

JAN 2012 3 1796.33 0.40 2921.44 0.74 2.19 

MAR 2012 4 6280.00 1.41 2828.57 0.71 2.19 

APR 2012 3 3895.65 0.87 4379.81 1.10 2.19 

JUN 2012 2 11800.00 2.65 2900.55 0.73 2.19 

JUL 2012 1 1488.04 0.33 574.26 0.14 2.19 

AUG 2012 1 1613.22 0.36 3132.35 0.79 2.19 

SEP 2012 7 12436.63 2.79 5479.55 1.38 2.19 

NOV 2012 3 5993.51 1.35 3326.69 0.84 2.19 

DEC 2012 5 5672.86 1.27 2980.86 0.75 2.19 

JAN 2013 5 8822.58 1.98 2415.01 0.61 2.36 

FEB 2013 5 10603.17 2.38 4139.80 1.04 2.36 

APR 2013 4 12243.16 2.75 2354.43 0.59 2.36 

MAY 2013 8 10930.84 2.46 3122.62 0.79 2.36 

JUN 2013 4 10316.07 2.32 2963.47 0.75 2.36 

JUL 2013 5 8155.76 1.83 2399.62 0.60 2.36 

AUG 2013 3 6568.88 1.48 1415.34 0.36 2.36 

SEP 2013 4 9531.90 2.14 2106.75 0.53 2.36 

OCT 2013 5 7820.26 1.76 2421.58 0.61 2.36 

NOV 2013 12 8483.42 1.91 3566.43 0.90 2.36 

JAN 2014 9 11503.90 2.58 3981.41 1.00 2.50 

FEB 2014 2 6596.88 1.48 2529.50 0.64 2.50 

MAR 2014 2 5210.32 1.17 6307.33 1.59 2.50 

APR 2014 7 10589.23 2.38 3502.93 0.88 2.50 

MAY 2014 4 12486.63 2.80 6832.82 1.72 2.50 

JUL 2014 4 8422.31 1.89 6308.89 1.59 2.50 

AUG 2014 10 12044.10 2.71 8067.43 2.03 2.50 

SEP 2014 2 13284.79 2.98 6628.58 1.67 2.50 
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OCT 2014 4 8366.59 1.88 8274.47 2.08 2.50 

DEC 2014 1 12147.98 2.73 16096.32 4.05 2.50 

JAN 2015 6 12449.57 2.80 9799.37 2.47 2.59 

FEB 2015 6 8819.00 1.98 8164.62 2.06 2.59 

MAR 2015 1 6558.05 1.47 1229.51 0.31 2.59 

APR 2015 1 15000.00 3.37 1229.67 0.31 2.59 

JUN 2015 2 8206.96 1.84 7750.89 1.95 2.59 

JUL 2015 2 12782.54 2.87 6293.20 1.58 2.59 

SEP 2015 1 7229.73 1.62 700.11 0.18 2.59 

OCT 2015 6 18746.42 4.21 7647.74 1.93 2.59 

NOV 2015 2 18763.70 4.21 6633.89 1.67 2.59 

DEC 2015 3 12271.84 2.76 6224.24 1.57 2.59 

JAN 2016 2 24957.81 5.61 8713.82 2.19 2.82 

FEB 2016 2 12910.83 2.90 2696.89 0.68 2.82 

MAY 2016 1 24836.59 5.58 6063.93 1.53 2.82 

JUN 2016 1 30228.97 6.79 6595.72 1.66 2.82 

JUL 2016 1 5296.06 1.19 1222.46 0.31 2.82 

SEP 2016 1 19844.08 4.46 13577.95 3.42 2.82 

NOV 2016 2 20432.05 4.59 2908.94 0.73 2.82 

DEC 2016 2 13547.64 3.04 7700.47 1.94 2.82 

MAR 2017 3 21889.65 4.92 7988.45 2.01 3.06 

APR 2017 7 16508.72 3.71 7304.43 1.84 3.06 

MAY 2017 1 7039.38 1.58 3960.60 1.00 3.06 

SEP 2017 1 13080.01 2.94 1720.95 0.43 3.06 

NOV 2017 3 28581.81 6.42 9549.53 2.40 3.06 

JAN 2016 2 24957.81 5.61 8713.82 2.19 2.82 

FEB 2016 2 12910.83 2.90 2696.89 0.68 2.82 

MAY 2016 1 24836.59 5.58 6063.93 1.53 2.82 

JUN 2016 1 30228.97 6.79 6595.72 1.66 2.82 

JUL 2016 1 5296.06 1.19 1222.46 0.31 2.82 

SEP 2016 1 19844.08 4.46 13577.95 3.42 2.82 

NOV 2016 2 20432.05 4.59 2908.94 0.73 2.82 

DEC 2016 2 13547.64 3.04 7700.47 1.94 2.82 

MAR 2017 3 21889.65 4.92 7988.45 2.01 3.06 

APR 2017 7 16508.72 3.71 7304.43 1.84 3.06 

MAY 2017 1 7039.38 1.58 3960.60 1.00 3.06 

SEP 2017 1 13080.01 2.94 1720.95 0.43 3.06 

NOV 2017 3 28581.81 6.42 9549.53 2.40 3.06 
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Appendix 3 Statistics for Industrial land price index 

  Transaction price-based 
index 

LBP estimates-based 
index 

GOV published 
index 

Date N mean Index  mean Index Index 

JAN 2008 7 858.67 1.00 566.92 1.00 1.00 

APR 2008 6 1206.70 1.41 973.37 1.72 1.00 

JUL 2008 18 660.59 0.77 584.02 1.03 1.00 

AUG 2008 6 833.35 0.97 759.35 1.34 1.00 

OCT 2008 5 821.98 0.96 654.39 1.15 1.00 

NOV 2008 6 696.35 0.81 562.25 0.99 1.00 

DEC 2008 24 783.65 0.91 417.16 0.74 1.00 

JAN 2009 23 581.62 0.68 987.40 1.74 1.01 

FEB 2009 3 670.34 0.78 520.78 0.92 1.01 

MAR 2009 2 739.03 0.86 1444.36 2.55 1.01 

APR 2009 8 435.40 0.51 1471.83 2.60 1.01 

MAY 2009 7 724.76 0.84 1174.61 2.07 1.01 

JUN 2009 6 617.48 0.72 1609.82 2.84 1.01 

JUL 2009 11 1009.28 1.18 696.84 1.23 1.01 

AUG 2009 13 506.18 0.59 731.10 1.29 1.01 

SEP 2009 10 645.59 0.75 945.55 1.67 1.01 

OCT 2009 12 840.97 0.98 889.67 1.57 1.01 

NOV 2009 6 618.81 0.72 904.59 1.60 1.01 

DEC 2009 10 793.28 0.92 952.79 1.68 1.01 

JAN 2010 17 845.76 0.98 1019.24 1.80 1.18 

FEB 2010 8 879.89 1.02 536.32 0.95 1.18 

MAR 2010 8 491.52 0.57 2091.76 3.69 1.18 

APR 2010 5 413.43 0.48 2111.53 3.72 1.18 

MAY 2010 6 1056.45 1.23 975.75 1.72 1.18 

JUN 2010 18 697.91 0.81 975.33 1.72 1.18 

JUL 2010 3 404.17 0.47 527.06 0.93 1.18 

AUG 2010 16 669.85 0.78 1124.58 1.98 1.18 

SEP 2010 15 926.53 1.08 623.38 1.10 1.18 

OCT 2010 7 417.13 0.49 1733.47 3.06 1.18 

NOV 2010 11 1245.26 1.45 1369.90 2.42 1.18 

DEC 2010 17 684.82 0.80 1736.06 3.06 1.18 

JAN 2011 14 886.94 1.03 1020.78 1.80 1.28 

FEB 2011 5 514.48 0.60 2391.59 4.22 1.28 

MAR 2011 4 603.92 0.70 2772.70 4.89 1.28 

APR 2011 5 803.95 0.94 1306.09 2.30 1.28 

MAY 2011 11 885.51 1.03 1893.04 3.34 1.28 

JUN 2011 19 754.22 0.88 1371.62 2.42 1.28 

JUL 2011 1 733.36 0.85 2712.82 4.79 1.28 

AUG 2011 15 784.08 0.91 2244.02 3.96 1.28 

SEP 2011 7 941.43 1.10 2752.32 4.85 1.28 

OCT 2011 15 827.20 0.96 1248.15 2.20 1.28 

NOV 2011 10 613.81 0.71 1753.95 3.09 1.28 

DEC 2011 13 781.59 0.91 1128.25 1.99 1.28 

JAN 2012 16 658.66 0.77 867.705 1.53 1.33 

FEB 2012 10 703.41 0.82 1552.254 2.74 1.33 

MAR 2012 5 574.36 0.67 1452.499 2.56 1.33 

APR 2012 4 798.95 0.93 1950.991 3.44 1.33 

MAY 2012 3 716.09 0.83 2279.657 4.02 1.33 

JUN 2012 12 702.26 0.82 1378.507 2.43 1.33 

JUL 2012 7 690.53 0.80 2632.333 4.64 1.33 

AUG 2012 6 497.17 0.58 2733.657 4.82 1.33 

SEP 2012 5 743.24 0.87 2687.046 4.74 1.33 
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OCT 2012 11 687.53 0.80 1800.702 3.18 1.33 

DEC 2012 11 749.20 0.87 943.542 1.66 1.33 

JAN 2013 9 882.67 1.03 1922.579 3.39 1.37 

FEB 2013 5 884.60 1.03 2651.216 4.68 1.37 

MAR 2013 2 1812.68 2.11 3725.921 6.57 1.37 

APR 2013 8 684.00 0.80 1394.452 2.46 1.37 

MAY 2013 7 603.97 0.70 1339.169 2.36 1.37 

JUN 2013 13 991.33 1.15 1284.463 2.27 1.37 

JUL 2013 9 990.99 1.15 1489.447 2.63 1.37 

AUG 2013 6 1575.59 1.83 1406.254 2.48 1.37 

SEP 2013 1 594.77 0.69 1674.927 2.95 1.37 

OCT 2013 10 954.22 1.11 1739.454 3.07 1.37 

NOV 2013 3 2539.50 2.96 2683.449 4.73 1.37 

DEC 2013 9 802.32 0.93 1914.588 3.38 1.37 

JAN 2014 6 708.65 0.83 5312.301 9.37 1.43 

FEB 2014 6 702.47 0.82 777.067 1.37 1.43 

MAR 2014 2 628.71 0.73 6731.509 11.87 1.43 

APR 2014 18 1282.48 1.49 1495.778 2.64 1.43 

JUN 2014 1 1444.03 1.68 7540.444 13.30 1.43 

SEP 2014 9 684.68 0.80 1671.846 2.95 1.43 

MAR 2015 3 1290.66 1.50 2452.991 4.33 1.50 

APR 2015 2 1534.85 1.79 2964.442 5.23 1.50 

AUG 2015 1 870.00 1.01 11559.650 20.39 1.50 

SEP 2015 17 843.99 0.98 1242.598 2.19 1.50 

NOV 2015 2 1055.00 1.23 2597.838 4.58 1.50 

DEC 2015 2 842.46 0.98 3149.668 5.56 1.50 

JAN 2016 2 1159.29 1.35 3026.068 5.34 1.60 

FEB 2016 2 975.59 1.14 658.461 1.16 1.60 

JUN 2016 4 1164.73 1.36 1769.590 3.12 1.60 

SEP 2016 1 1080.01 1.26 7615.654 13.43 1.60 

OCT 2016 2 1483.34 1.73 3029.821 5.34 1.60 

NOV 2016 2 1215.97 1.42 4290.083 7.57 1.60 

JAN 2017 1 1080.00 1.26 15902.637 28.05 1.70 

MAR 2017 3 1203.63 1.40 3084.570 5.44 1.70 

MAY 2017 1 670.22 0.78 4716.080 8.32 1.70 

AUG 2017 1 1500.00 1.75 5586.542 9.85 1.70 

OCT 2017 2 1258.52 1.47 8882.084 15.67 1.70 

DEC 2017 1 1875.00 2.18 7710.446 13.60 1.70 
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Appendix 4 OLS estimation and collinearity statistics for LBP estimation price in 

commercial land market 

Dependent variable: LBP estimation price 
 
Variables Description Coefficient t-statistics VIF 

Intercept  1688.85 16.52 - 
LTP Land transaction price 0.08 10.42 1.93 
LBP Land benchmark price 0.71 44.73 1.82 
LA Constructed land area 0.003 11.63 1.04 
FAR Floor to area ratio -231.09 -15.59 1.26 
Rail Distance to the nearest 

railway station 
0.005 2.33 1.06 

HS Distance to the nearest high 
school 

-0.023 -4.22 1.13 

R2  0.913 
Adjusted R2  0.911 
F-statistic   787.919*** 
Koenker (BP) Statistic   75.43*** 
Jarque-Bera Statistic  125.91*** 
n = 458   

Note: *** indicate p-value < 0.01 

Moran’s I (z = 10.553, p < 0.01) 
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Appendix 5 OLS estimation and collinearity statistics for LBP estimation price in 

industrial land market 

Dependent variable: LBP estimation price 
 
Variables Description Coefficient t-statistics VIF 

Intercept  296.05 5.47 - 
LTP Land transaction price 0.11 3.62 1.70 
Diff Valuation differentials 121.86 14.47 3.61 
LBP Land benchmark price 1.09 25.34 3.14 
FAR Floor to area ratio -79.77 -3.18 1.44 
dUNI Distance to the nearest 

university 
-0.007 -3.08 8.04 

dSUB Distance to the nearest 
subway station 

0.008 2.45 7.77 

R2  0.870 
Adjusted R2  0.869 
F-statistic   747.526*** 
Koenker (BP) Statistic   327.060*** 
Jarque-Bera Statistic  367.488*** 
n = 458   

Note: *** indicate p-value < 0.01 

Moran’s I (z = 3.899, p < 0.01) 

 

 

 

 

 

 

 

 

 


