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Abstract 

 
What impact does air quality have on land values?  This fundamental question is at the heart of 

our intuitive understanding of how cities in the industrial revolution developed.  However, we 

know comparatively little on the specifics of this relationship between air quality and development 

values.   

 

In this report we set out to respond to this challenge in four ways.  Firstly, we provide a 

comprehensive literature review on the influence of air quality on property prices. Secondly, we 

propose an innovative approach to inferring land values from the price of the property 

accommodated on that land.  Thirdly, we specify a spatio-temporal model that allows us to make 

an association between the effects of changes in air quality on land values.  By applying this model 

to three Chinese case study cities – Shenzhen, Suzhou and Zhengzhou – we are able to present 

financial estimates of the impact of improved air quality on the value of development land forecast 

to be released over the coming years.  Fourthly, we draw on a program of semi-structured 

interviews to present policy maker and expert reflections on our findings and their potential to 

support policy development. 
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Building the Breathable City: What role should land value capture 

play in China’s ambitions to prepare for climate change? 

 
 

Chapter 1. Introduction 
 
What determines land values?  From the classical economists, Malthus, Riccardo, Mill and James, 

we inherit the insight that the answer to this question depends upon what the land is used to 

produce.  However, in the modern era the interactions of planning policies, urban design, market 

forces and both statutory and private investment make this question a great deal more complex 

than it might superficially seem.  Over the course of decades academic investigation has made 

significant progress in addressing some aspects of the question particularly with regard to the built 

environment, that asset class that literally depends upon land for its production.  For example, 

hedonic models have provided insights into the attributes of dwellings themselves that confer value 

as well as the neighborhood effects of amenities such as public parks and greenspace (Engström 

and Gren, 2017; Zhang and Dong, 2017).  Similar work that quantifies the impact of proximity to 

transport infrastructure for both commercial and residential development has been instrumental in 

describing the phenomenon as well as giving rise to the deliberate policy of combining the 

planning of transport and housing together in the name of ‘transit orientated development’ (TOD) 

(Li et al., 2019; Sen and Wu, 2020).   

However, whilst there is a clear logic to understanding the value of land in relation to its productive 

capacity there are three main challenges to this approach.   

Firstly, the economic value of land is not solely determined by the hypothetical nature of the 

various developments that it might accommodate.  Whilst the classical economists might 

encourage us to look inward at the specific attributes of a proposed development in order to infer 

the value of the land upon which it stands, this provides only an endogenous account of how land 

values are determined.  There are also those external, exogenous, influences that exist 

independently but which also have a bearing upon the value of any hypothetical, proposed 

development and ultimately, therefore, on the value of land.  Perhaps the best example of such an 

exogenous consideration is the very environment of which the land is an element.  The existence 
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of a geophysical fault, the threat of flooding or the presence of poor air quality may all be 

environmental factors that influence the viability of development and, therefore, the value of the 

land itself. 

It is also important to point out that these exogenous environmental factors that influence land 

values are far from fixed.  Increasingly extreme and frequently-occurring weather events resulting 

from climate change may have a profound effect on the value of land and property in specific 

regions in the future. The destruction of property as a result of summer wildfires in California and 

some parts of Australia in 2018, 2019 and 2020 serve as examples of once buoyant real estate 

markets that may now be less viable as a result of a new environmental threat. 

Secondly, property markets are volatile.  Any assessment of land values provides only an instant 

snapshot of the market at a particular moment in time. But property development is a slow 

business.  It can take a very long time for a proposed development to navigate planning control, 

be built and sold for occupation - years in some contexts.  Add to this fact that property is typically 

the largest investment that any given household will make in their lifetime, typically on the basis 

of mortgage finance over a period of 25+ years, and the reason for the highly recession-prone 

nature of property markets becomes clear.  The best case study for this phenomenon can be found 

in the global financial crisis of 2007 that began in the ‘sub-prime’ borrowing and lending practices 

prevalent in the US housing market.  The real-world implications of the ‘credit crunch’ and the 

deepest global recession since the 1930s first became conspicuous in abandoned building sites.  

Land and property investments that had been considered profitable on 2006 values were no longer 

considered economically viable by the end of 2007.  

This question of development viability and its microeconomics raises a third point: in any context 

where the built environment is delivered by a private development industry under the incentive of 

a profit motive the issue of commercial confidentiality means that the economic costs and revenues 

of development are rarely transparent, often leading to situations with asymmetric information 

between the demand and supply sides in real estate transactions.  Without this information it 

becomes difficult to arrive at even a rudimentary calculation whereby the costs of development 

subtracted from the expected proceeds reveals the ‘true’ value of the land itself and, crucially, the 

right to develop it. 
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This is a significant issue. The uplift in land values resulting from the award of planning consent 

constitutes the ‘unearned increment’ (George, 1879).  This value, attributable solely to the 

statutory permission to develop, in turn provides the fundamental case for Land Value Capture 

(LVC).  In many contexts the use of diverse LVC mechanisms to recover this value traditionally 

provides funding for a host of public goods – infrastructure, greenspace, schools and medical 

facilities, affordable housing.  Indeed, the tendency to exploit land-based finance to support a 

broader range of public goods has grown in many nations to include climate adaptation measures, 

clean energy investments and general urban transformation. But how much value exists in a site is 

a function of the specific development for which consent has been given, and without a clearly 

codified understanding of the expected costs and potential profits to the developer, the maximum 

sum available to be captured remains the great unknown. 

In this study we seek to address these three inter-related problems of understanding the value of 

land that has been made available for development.   

By developing a statistical method that allows us to retrospectively infer the value of the land upon 

which a development has subsequently taken place. we establish an approach that allows for the 

separation of the value of a building from the land upon which it stands. Using this approach we 

are correspondingly able to potentially address the question of how much value was present in a 

site and, therefore, how much was available to be recovered through LVC for investment in public 

goods. Making this analytical separation between land and buildings allows us to unbundle the 

endogenous relationship between the two. 

Having effected this separation we are then able to re-situate land in the environment of which it 

is naturally a part and ask, “what constraints on development value does the character of the natural 

environment exert?” To explore this question we look specifically at air quality and the degree to 

which the presence of poor-quality air represents a limit on the productive capacity of land as a 

potential host for development.  Extending this logic we go on to consider the degree to which 

changes to the environment through measures designed to improve air quality can relax this limit. 

This opens up the possibility that public policy measures designed to enhance the environment 

might have a positive economic effect on the exogenous context within which land exists – sites 

that were once unviable due to the presence of an environmental externality such as poor air quality 
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may become viable over time if that environmental externality is controlled or diminished by a 

particular government intervention (ranging from policies restricting factories right to pollute to 

public investments in wind energy parks).  From this perspective enhancing the environment 

enhances the productive potential of land and, by extension, provides the opportunity to exact more 

investment in public goods through LVC. Indeed, if this investment in the environment comes 

through LVC in the first place a ‘virtuous circle’ could be established whereby the development 

and adaptation of urban spaces occurs symbiotically with investment in the natural environments 

in which they exist. 

Our goal in this study is to present both academically rigorous research on the relationship between 

air quality, land values and sustainable urban development alongside practical lessons for policy 

makers on ‘what works’ and why.  In taking a focus on three metropolitan regions in 

geographically distinct parts of China – Shenzhen in the south, Zhengzhou in the north, and Suzhou 

in the east – we seek to provide empirical insights across three diverse and highly varied contexts.  

Our ultimate goal is to encourage an exchange of ideas and experiences that will allow the 

development of cities in China where air quality improvements and urbanization go hand in hand. 
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Chapter 2. The relationship between land and air 
 
Air quality has always been instrumental in shaping the pattern of urban development. For 

example, work which takes a historical focus has demonstrated the formative effects of 

atmospheric pollution on the development of cities such as London, Manchester, Paris and New 

York (Heblich, Trew, Zylbergerg, 2016). However, the intricacies of the relationship between this 

negative externality and contemporary shifts in the spatial pattern of urban development has 

become an area of increased academic interest in recent years, particularly as emissions have 

grown significantly in some settings.  Important work in this respect can be found in relation to 

settings as diverse as the United States (Clark, Millett and Marshall, 2011; McCarty and Kaza, 

2015; Stone, 2008), Western Europe (Chiarinia et al., 2021,  De Riddera et al., 2008) and East Asia 

(Larkin et al., 2016) 

Within the East Asian context the overwhelming focus for academic research has been China (for 

example, Chen and Liu, 2015; Lin and Zhu, 2018).  Unprecedented economic growth and the most 

significant rural-to-urban migration in human history have been accompanied by a growth in air 

pollution (Han et al., 2015; She et al., 2017).  However, as these processes have matured China’s 

ambition to improve air quality, as part of a wider goal of achieving sustainable growth and 

realizing the “Ecological Civilization”, has become a more prominent aspect of policy.  For 

example, in his 2020 address to the UN General Assembly President Xi Jinping expressed China’s 

ambitions to hit peak emissions before 2030 and to have achieved carbon neutrality by 2060 (BBC 

News, 2020; State Council Information Office of the People’s Republic of China, 2021). While 

the announcement has been seen as a significant step in the fight against climate change, huge 

investments are still required to meet these goals. A recent report by the Institute of Climate 

Change and Sustainable Development at Tsinghua University calculated in China a total 

investment of $25.9 trillion is needed over the next 30 years (He Jiankun, 2020). 

Meeting a challenge of this scale will require both an immediate term focus on urban and 

environmental management together with the longer-term goal of building urban settlements that 

can be adapted to the threats of climate change. One of the clearest lessons from the academic 

literature is that there are opportunities in understanding this relationship: immediate term actions 

in the name of environmental management can, and will, have a formative impact on future 
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urbanization (Borrego et al., 2006; Elson, 1996; Weng and Yang, 2004).  Stated alternatively, 

investments in improved air quality can create new opportunities for urban development - an issue 

that is particularly relevant in a context such as China which is forecast to accommodate a further 

255 million urban residents by 2050 (Ye et al., 2020). 

Blowing in the wind: the ‘moving target’ of air pollution 

Understanding the specific geography of how urbanization responds to changes in air quality 

demands a data-led approach. Much of the literature takes a city-based focus when monitoring air 

quality (Elbira et al., 2010; Gurjara, 2008).  This is particularly relevant when considering 

variations in neighborhood effects and designing interventions accordingly (Marquez and Smith, 

1999; Waddell, 2002).  However the vast geographic scale of Chinese cities and the polycentric 

pattern of urban development means that policy very often takes a broader scale, necessitating a 

correspondingly wider analytical framework (She et al., 2017).  

The United Nations report, A Review of 20 Years’ Air Pollution Control in Beijing (United Nations, 

2020), signals the kind of geographic scale that might be appropriate in thinking about the 

relationship between air quality and land values in China. Whilst the report celebrates the 

achievements of cutting emissions by 35% and 25% in, respectively, Beijing itself and the wider 

Beijing metropolitan region, the report also identified the problem that “Air pollution crosses every 

jurisdictional boundary: international, national, regional and local. Cooperation across borders is 

critical to forging effective and lasting solutions” (United Nations, 2020: 3). In the Chinese context 

this means considering huge areas. For example, the Beijing-Tianjin-Hebei Region covers 200,000 

km2 - more than twice the size of South Korea. 

Origins and potential solutions to the problem of poor air quality 

The scale of China’s rapid and ongoing urbanization has underscored the problem of poor air 

quality.  Unlike most Western nations, there has been a much more limited tendency to 

suburbanization (Quian et al., 2015). Poor air quality which can be inherent in large ‘mega cities’ 

has been compounded by both growing personal affluence seeing a huge growth in demand for 

cars, which is still growing (Ye, 2019), and the development of residential and industrial sites in 

close proximity.  In accord with the predictions of economic theory, particularly the environmental 
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Kuznets curve (Barbier, 1997), the effects of enduring an incrementally worsening negative 

externality ultimately prompted decisive action by China to tackle the problem, particularly in 

strategically important locations, none more so than Beijing.  Measures undertaken included the 

relocation of polluting industries, the imposition of Pigouvian environmental taxes, regulating 

demand for bulk coal, controlling the emissions of diesel-powered vehicles and the introduction 

of the multi-dimensional Air Pollution Prevention and Control Action Plan (for a review see, 

Wang, 2021).  

These measures that target “polluters” directly have all contributed to a profound shift in Beijing’s 

air quality which was instrumental in the staging of several crucially significant events – the 

Beijing Olympics (2008), the Asia Pacific Economic Conference (2014) and 2015’s Grand 

Military Parade (Zhao, 2020; Liu et al, 2016). However, despite the significant progress that was 

made in Beijing during this period in other areas the scale of improvement was more limited (Chen 

et al, 2020) – particularly in those settings where a relocated industry had been accommodated 

(Zhang et al, 2018).  

An excellent case study of the displacement of air pollution from one urban area to others can be 

found in Hebei province.  From an economic perspective the relocation of some industries to this 

province was strategically sensible: Hebei is the largest producer of coal in global terms (Du et al., 

2012) so re-situating industries reliant on this natural resource to Hebei makes economic sense 

through reductions in transport costs. However, the broader implication was a sudden decline in 

air quality in parts of Hebei with the province declared ‘The key battlefield in China’s war on air 

pollution’ (World Bank, 2019). Immediate and decisive intervention by the central government, in 

particular regulations on the production and supply of coal allied to emission reduction measures, 

meant that by 2019 pollution in Hebei had been reduced by almost 40%.  

This is important as it shows the relatively short time frames over which air quality enhancement 

measures can take effect in China.  Cities such as Cangzhou in eastern Hebei, which had seen a 

significant deterioration in air quality in the early 2010s, has seen a marked improvement in under 

a decade (Qin and Whitney, 2021). However, it must also be noted that this dramatic scale of 

progress has been costly. One of the most significant measures to improve winter air quality has 

been the replacement of coal-fired domestic stoves with gas-fired alternatives.  This has proven 
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both highly effective and popular but retro-fitting dwellings in this way requires either subsidies 

to households or direct state funding.  This points to one way in which land-based finance might 

support projects of this nature: land value captured from developments in the present and future 

could be used to finance regeneration and renewal in the built environment of the past. 

A broader implication of this discussion is that scale is hugely important, particularly in a context 

such as China where ‘small’ cities are often larger than European capitals with corresponding 

implications for transport and commuting patterns (Wang, Chai and Li, 2012; Wang and Zhou, 

2017).  Real estate markets reflect a broad range of factors but the direct link between air quality 

and the pattern of urban development noted in the introduction to this chapter remains unbroken. 

Air quality is as important to Chinese households in 2020 (Chen et al., 2020) as it was to 

households in, for example, London in the 1920s. The main contextual difference is the scale of 

the problem and the speed with which it has been addressed.  The industrial revolution that began 

in the UK in the early 1800s resulted in incrementally deteriorating urban air quality throughout 

that century and into the next.  By 1952 the problem had become sufficiently bad in London that, 

over four days of air pollution in 1952, 12,000 people were estimated to have died (Phillips et al., 

2018). The response in the form of the 1956 Clean Air Act saw a gradual reduction in the pollutants 

released into the atmosphere over the following decades.  Coal- and oil-fired power stations in 

central London, such as Battersea (constructed in 1929) and Bankside (constructed in 1891) only 

fully ceased operating in 1981 and 1983 respectively. The Clean Air Act remained in place until 

1993.  By contrast, as can be seen from the foregoing discussion, the speed of change experienced 

in China has been far more rapid and with geographically very far reaching effects, both positive 

and negative.  It is within this context that a new breed of policies has recently been adopted with 

the intention of confronting air quality in China at a more suitable geographic scale and with 

renewed vigor.  

Managing air quality: Low Emissions Zones  

A core element of the Chinese approach to managing emissions in the future is through regulation 

– particularly the institution of air quality management areas and low emissions zones.  This 

approach parallels similar approaches undertaken in many Western contexts.  For example, in Paris 

there are two low emissions zones in place - the Central Paris ZCR (Zone à Circulation Restreinte) 
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and the Greater Paris ZCR.  These measures regulate pollutants from vehicles by affording cleaner 

forms of transport preferential treatment with respect to when they can be used and where they 

may be parked.  For example, under this zonal management of traffic, from 1 July 2019 diesel cars 

made earlier than 2006 have been banned in central Paris on weekdays between 8am and 8pm.  

These measures mirror London’s Ultra Low Emissions Zone ULEZ (originally the London 

Congestion Charge) which will expand from the most central part of London to cover a larger area 

in October 2021 - a move which is expected to affect 2,197 commercial properties (Sablon, 2020).  

There are two significant implications that follow from policies such as these.  Firstly, as noted 

above, low emissions zones can displace industrial and commercial activity.  Often, industries that 

cannot meet the regulated standards within a low emissions zone will relocate which can act as a 

stimulus to commercial property values outside the zone whilst also resulting in deteriorating 

residential values as a concomitant result of declining air quality. This shift in the mix of industrial, 

commercial and residential developments can have a significant impact on the geography of 

market values.  

Secondly, it is clear that low emissions zones can raise finance directly.  Fines for motorists found 

to be in breach of the rules (the Parisian model) or receipts from a congestion charge (the London 

model) can raise significant sums for investment in public transport.  The intention over time is 

that added capacity and enhancements to the public transport network effect a trade-off as personal 

transport by car is disincentivized relative to an improved and expanded public transport offer.  

This follows a similar logic to using land-based finance released from new development to (co-

)fund the sustainable development of the future.  The possibility of using land value capture to 

support renewal and refurbishment of the existing built environment discussed in the previous 

section is just one option of many – LVC could equally be used as part of a broader strategy of 

Transit Orientated Development consistent with the creation of an air quality management area. 

Indeed, the largest construction project in Western Europe in recent years, London’s Crossrail, is 

wholly consistent with the goals of the broader ULEZ that it bisects but drew on a cocktail of 

funding – of which £600m came through land-based finance from ‘Section 106’ agreements made 

on new developments and the Mayor of London’s Community Infrastructure Levy (Crossrail, 

2020). 
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In the Chinese context the introduction of low emissions and air quality management zones of 

significantly greater scale than those in Western Europe have been implemented in recent times. 

For example, a comprehensive air pollution control action plan, initiated by multiple central 

government departments, has been implemented including detailed emission reduction measures 

and targets for cities in and surrounding the whole Beijing-Tianjin-Hebei metropolitan area. 

Research will be required to understand the full implications of implementing air quality 

management measures at this scale. 

In addition to this formal policy framework China has also begun the process of developing 

Xiong’an – a wholly new ‘liveable city’ around 100km south west of Beijing in Hebei (Zou and 

Zhao, 2018).  Xiong’an will become ‘a colossal yet sustainable city’ that will be the home of a 

huge science park as well as forming the bridge connecting the economic triangle of Jing-Jin-Ji 

via completely electrified transport hubs with five high-speed rail lines connecting Beijing-

Xiong’an, Tianjin-Xiong’an, Beijing-Shijiazhuang, Guan-Baoding and Tianjin-Baoding. The 

intention is to re-integrate industry and manufacturing processes into the urban areas with the help 

of advanced technological techniques reducing the need for commercial transport links and 

become self-sufficient in food production, reducing the need for road transport (Euklidiades, 

2020). 

As with previous observations in this document the scale of China’s response to the challenge of 

air quality has been far in excess of any precedent.  For example, the development of Xiong’an 

alone is estimated to cost approximately $580 billion dollars (Wong, 2019).  Funding wholly new 

development of this scale whilst simultaneously pursuing measures – be it TOD or renewal of the 

existing built environment – will place a significant demand on the public purse.  Could land based 

finance represent a response to this challenge? 

Could land be a source of investment for air quality enhancement? 

Hedonic models provide the methodological starting point for any understanding of the effects on 

real estate values of the surrounding environment - including air quality (Chen, Hao and Yoon, 

2018; Mei, Zhang and Wang, 2020). However, hedonic price modelling has rarely been used to 

analyze the specific relationship between different types of amenities and land values (for a rare 



15 

 

exception see De Groot et al., 2015) and has not yet been used to analyze the relation between air 

quality as a specific type of amenity and land values.  This is partly because there are significant 

challenges to formally isolating the impact of the environment on the value of land rather than 

buildings. In the Chinese context, where there is no formal analysis of the impact of air quality of 

land values, this is further problematized by the fact that high-rise apartment blocks predominate 

real estate as an asset class.  Hedonic approaches work well for the establishment of a market value 

attributable to an individual dwelling within such an apartment block but they possess far less 

explanatory power in relation to underlying land values.   

An alternative way of thinking about this problem is to reverse the logic employed by the 

development industry in their computation of ‘development viability’ (Crosby, 2019; McAllister, 

2019) - the business case for real estate development in the first place.  The most commonly 

employed approach by the development industry in virtually all international contexts is the 

“residual method” which effectively seeks to separate the costs of development from its 

hypothetical proceeds in order to leave a residual balance which reflects the value of the land 

required for the development to take place (see, for example, Murphy, 2020). From this perspective 

the major cost component in residential development in China can be understood to be land (plus 

associated charges), approaching close to 50% of the final land price; the remaining elements in 

the list of categories common to every residual valuation being construction costs, financing, 

marketing and management fees and, of course, profit.  

However, this approach is wholly endogenous – the value of the development is understood purely 

in its own terms - without any adjustment for exogenous factors, attributes external to the 

development itself that may influence its value.  Air quality is precisely one of these exogenous 

factors. 

This points to the requirement to combine the two approaches to the question: the business 

economics of the development industry are required to establish land values through residual 

methods and hedonic techniques are needed to understand the influence of air quality on land 

values.  It is this pioneering approach taken by this research that foregrounds the question of how 

air quality improvements affect land values and, concomitantly, how land value capture can 

correspondingly affect air quality. 
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The implications of establishing an answer to this question is significant – particularly for policy 

makers.  Land based finance has been seen by many as a way of enabling communities to unlock 

investment in public goods. However, a wide range of LVC tools are available to policy makers 

with growing evidence that variations in approach relate strongly to variations in outcome (van 

der Krabben et al., 2020).  

In the developing world research has pointed to the potential for land-based finance to play a role 

in providing basic services, such as the provision of clean drinking water and sanitation, in contexts 

such as Brazil and India (Hart, 2020). By allowing local governments to elicit developer 

contributions it is argued they can play a role in ‘furthering equitable urban development and if 

well managed create a virtuous cycle by supporting broader community benefits’.  

Instituting this ‘virtuous cycle’ of development whereby LVC is used to finance sustainable 

development in the future which, in turn, enhances the values in the existing built environment is 

arguably even more pertinent for advanced nations.  For example in China, land is legally owned 

by the central state whilst supply is locally determined by provincial and city governments through 

a regulatory framework which differentiates between industrial, commercial and residential land 

uses.  The governance of land in China provides the opportunity for government to capture a very 

significant proportion, if not all, of the uplift in land values resulting from the award of planning 

consent through the use of auctions.  Although this is not unique it is globally very rare; in many 

other international contexts auctioning development rights is inhibited by the fact that land 

ownership is fragmented with the effect that the existence of land which has been consolidated 

into parcels that are suitable for wholesale development is rare.  

Statutory ownership of land in China provides a huge opportunity to stimulate a virtuous circle of 

development activity and may well have contributed to the rapidity of the urbanization process 

experienced in many Chinese cities (Chen and Wu, 2020; Huang et al., 2017).  Upwards of 90% 

of development opportunities are transacted through auctions (Liu and Xiong, 2018) which makes 

funding readily available for investment in infrastructure to accompany development. This in turn 

provides a stimulus to further real estate development giving birth to the virtuous circle of 

development described in Lord, Burgess and Dunning (2019) – see Figure 2.1.  



17 

 

Figure 2.1: Virtuous and vicious development cycles (Source, Lord et al., 2019) 

 

The price paid by the prospective developer for a site through an auction represents their 

willingness to pay for the opportunity to develop, which will vary depending upon the type of 

development that is permitted: residential, commercial, industrial or mixed-use. This measure of 

willingness to pay will in turn be governed by prevailing market conditions and expectations of 

how these conditions may change over time.  Recent studies of general trends in Chinese real estate 

have shown considerable price appreciation for commercial land between 2004 to 2015 whilst 

residential land has shown more modest growth over the same time period with industrial land 

remaining static (Liu and Xiong, 2018).  Local authorities in China are, therefore, important 

“market makers” (Lord and O’Brien, 2017) with regard to controlling the supply of land for 

different uses.  This can mean foregoing the opportunity for lucrative land value capture in 

circumstances where a lower yielding land use is required. For example, it is not uncommon for 

industrial land to generate lower values through auction and, in some situations may even be 

offered free as a grant (Liu and Xiong, 2018: 24). 
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The argument for additional LVC policies in China 

In a recent Lincoln Institute Working Paper by Yang et al. (2020), the authors raise the question 

why Chinese cities should innovate in LVC when most, if not all, of the land values are captured 

upfront via the public land leasing system. They argue that there are still two limitations to the way 

cities generate income from public land leasing. First, most of the income from land leasing enters 

the general city budget and is not directly linked to the causal source of the value increment. 

Consequently, large climate mitigation and adaptation projects have to compete with many other 

ongoing services and projects that local governments in China are expected to supply, such as 

transport infrastructure and urban redevelopment. The second limitation concerns the flow of 

revenue over time. With public land leasing the major revenue comes in one lump sum, at the 

initial sale of land leases. In theory, upfront value capturing can only be 100% efficient if all future 

increment land values and all urban needs could be foreseen and planned. As Yang et al. argue, 

this capacity is, however, unrealistic anywhere, and especially in face of the dynamism of Chinese 

cities and society. 

Liu and Zeng (2019), Yang et al. (2020), Wang et al. (2019) and Van der Krabben et al. (2019) 

demonstrate how LVC policies in China have been successfully applied in pilot projects, 

particularly with regard to transit-oriented development and urban redevelopment, to capture the 

unforeseen land value increases. However, there is no internationally published research that 

documents how LVC policies have been implemented with regard to improving air quality or the 

mitigation of climate change.   

Air and Land 

The environment provides the crucial context within which these interactions between the 

development industry and local government take place.  Yet, the economic effect of variations in 

the environment on land and real estate values has received comparatively much less attention than 

the bargains that take place in the specific business of producing the built environment. With regard 

to air quality it is only in recent times that academics have returned to this question following early 

studies such as that of Ridker and Henning in the 1960s.  
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The most current academic research provides sophisticated treatments of how real estate values 

respond to changes in air quality.  Excellent examples of work of this type can be found in Wang 

(2021) and Chen et al.’s (2017: 2) study of Shanghai which provides evidence that ‘air pollution 

has a significant and negative effect on house prices’ with the corresponding conclusion that a 

reduction in mean concentrations of SO2 and PM10 produced a corresponding stimulus to house 

prices in the range between 0.6% and 0.9%. The same research also found that, as atmospheric 

pollutants are unevenly distributed, the less intrusive the contaminant the less significant its effect 

on real estate values (similar evidence can be found in Kim, Phipps and Anselin, 2003).  In keeping 

with previous observations in this chapter Chen (2017) also identifies a specific behavioral 

economics of air pollution and real estate decision making with more affluent households placing 

greater emphasis on air quality in their decision making with regard to domestic location. Similar 

results can also be found in the literature where meta-regression has been undertaken to isolate the 

specific relationship between air quality and real estate values (Wang et al., 2021).  Research of 

this type has found that ‘air quality did have a profound impact on housing prices’ (Shen, 2018; 

Zhang and Huang, 2017; Zou, 2019). 

However, the challenge that remains is to understand the effects air quality has explicitly on land.  

Separating the economic value of land from buildings is the essential first step in understanding 

how value is created through the specific relationships and interactions between the built and 

natural environments. In short, any stimulus to the value of land through the enhancement of air 

quality is also a stimulus to the potential for land value capture which, through TOD (Liu and 

Zheng, 2019) and urban renewal is, in turn, a stimulus to air quality enhancement. Thus, LVC 

generated through contributions made by developers that benefit from clean air investments – may 

offer a new financing mechanism, supplementary to traditional schemes that focus on penalizing 

the polluters that cause air pollution, based on the “polluter pays principle”. 

In the following chapter we set out a research design and methodology to pursue this research 

agenda building upon the work of Franke and van der Minne (2017) but with a specific empirical 

application to China. 

 



20 

 

Chapter 3.  Investigating the relationship between air quality and land values, 
methods and research design 

 
The conclusion of Chapter 2 illustrated that there is a significant gap in our academic 

understanding of the relationship between air quality and land values.  At base this question reflects 

fundamental human-nature interactions – the question goes directly to the externality costs of air 

pollution on the productive value of land (as the host of real estate).  It follows from this logic that 

there is an implicit hypothetical relationship between improvements in air quality and the 

corresponding enhancement of land and real estate values.  If land-based finance could be the 

source of the public investment that resulted in improved air quality the (virtuous) circle would be 

completed: improving air quality acts as a stimulus to the value of land which in turn acts as a 

stimulus to the potential for land value capture which, when invested in measures consistent with 

improved air quality (such as TOD and urban renewal) is, in turn, a stimulus to further air quality 

enhancement. 

In order to empirically investigate the extent to which this hypothetical relationship exists in 

practice we first need to acknowledge some important questions that have historically been a 

significant barrier to progress in this area.  Firstly, there is the statistical challenge of separating 

the economic value of land from the buildings it hosts.  This is an essential first step as what we 

are effectively trying to do is reverse engineer an answer to the long standing question: what is the 

uplift in land values resulting from consent to develop?  It is this incremental discontinuity between 

different land uses - typically agricultural versus real estate - that provides the first principle for 

Land Value Capture.  By looking at urban areas which have already experienced development and 

exploring what a change in air quality does to the underlying value of the land upon which the city 

is built we are presented with the task of disaggregating price effects reflected in the market value 

of dwellings from the underlying effects on land. 

Secondly, and by relation, we have to confront the question of how we should disambiguate effects 

on land values resulting from air quality from the myriad other variables that influence property 

prices. 
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Thirdly, the ultimate goal would be to develop a statistical model that could make part-whole 

connections between changes in air quality and land values that are quantifiable at a city-wide 

scale.  A model of this type would allow for statements of the form, “an X% improvement in air 

quality is associated with a Y% increase in land values in area Z”. 

In this chapter we provide an account of the development of a model of the type described above 

and a range of preliminary findings for our three case study cities, Shenzhen, Suzhou and 

Zhengzhou. 

The statistical modelling approach 

In order to separate the value of a site from the building(s) that it hosts we begin with what is often 

referred to in the literature as a ‘basic builder’s model’ (BBM).  Following Dirwert, de Hann, and 

Hendriks (2015) and Dirwert and Shimizu (2016), we begin with modelling the value of a 

residential property. This approach assumes that the total value of a property (V𝑛𝑛𝑛𝑛, property n sold 

at time t) comprises two components: the value of the land occupied by the property and value of 

the built structure itself, which can be formulated as: 

𝑣𝑣𝑛𝑛𝑛𝑛 = 𝑎𝑎𝑛𝑛L𝑛𝑛 + 𝛽𝛽𝑛𝑛0(1 − 𝛿𝛿)Age𝑛𝑛𝑛𝑛S𝑛𝑛 + 𝜀𝜀𝑛𝑛𝑛𝑛. (1) 

where 𝑎𝑎𝑛𝑛 is the land price per m² and L𝑛𝑛, the land area occupied by property n; Age𝑛𝑛𝑛𝑛 is the age of 

property n when sold at time t; 𝛿𝛿, the annual net depreciation rate of the built structure n; 𝛽𝛽𝑛𝑛0 is the 

construction cost of the built structure per m² as constructed at time 𝑡𝑡0, and S𝑛𝑛, the physical area 

of the built structure, n. So, 𝛽𝛽𝑛𝑛0S𝑛𝑛 measures the structure value of property n when evaluated 

immediately after completion - i.e., the re-construction value of property n, when multiplied by 

the quantity (1 − 𝛿𝛿)Age𝑛𝑛𝑛𝑛 yields the current property structure value, 𝜀𝜀𝑛𝑛𝑛𝑛 is the model residual 

term, prospectively following a normal distribution. 

If the land value per unit of a property, 𝑎𝑎𝑛𝑛, could be reliably estimated, we would simply regress 

estimates of 𝑎𝑎𝑛𝑛 on air pollution measures and other characteristics/locational variables that 

influence real estate prices to isolate the land value uplift pertaining to air quality improvement. 

However, there are two difficulties with this approach. 
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Firstly, there is a very significant correlation between the land area and structure area variables 

leading to a serious multi-collinearity problem and biased estimates of land values per unit 

(Dirwert et al. 2015). Secondly, the land area occupied by a property is not always readily 

available, especially for individual apartments in large building blocks - the most common 

residential development type in the Chinese property market. Because of these two points there is 

no readily available secondary data on the land ‘take’ associated with individual properties that 

have been transacted in the market.  Therefore, 𝑎𝑎𝑛𝑛 cannot be estimated in this way. 

In response to this issue we adapt an intuitive solution proposed by Dirwert and Shimizu (2016). 

By exploiting an external data set on the prevailing building costs in each of the provincial capitals 

within China, we have developed an annual cost inventory for residential buildings of varying 

heights.  By taking this approach we are able to calculate the construction costs of each property 

in each provincial capital and constitute a variable representing the total land value of each 

property based on Equation (1).  To build on this approach we can exploit an important piece of 

information on the ‘floor-to-area’ ratio (the ratio of a building's total gross floor area to the size of 

the land area the of site it occupies) in our compiled residential property sale data to impute the 

land area occupied by an apartment.  This can be specified as: 

L�𝑠𝑠,𝑛𝑛 =
S𝑛𝑛
𝑇𝑇S𝑁𝑁

× 𝑇𝑇𝑇𝑇𝑁𝑁 =
𝑇𝑇𝑇𝑇𝑁𝑁
𝑇𝑇S𝑁𝑁

× S𝑛𝑛 =
S𝑛𝑛

𝐹𝐹𝐹𝐹𝐹𝐹𝑁𝑁
 (2) 

where 𝑇𝑇𝑇𝑇𝑁𝑁 and 𝑇𝑇S𝑛𝑛 were the total land area and structure area of a residential block where 

properties were located. Following this, we imputed the land values embodied by each property 

(apartment) as, 

𝑎𝑎�𝑠𝑠,𝑛𝑛𝑛𝑛 =
𝑣𝑣𝑛𝑛𝑛𝑛 − cost𝑛𝑛𝑜𝑜𝑘𝑘(1 − 𝛿𝛿)Age𝑛𝑛𝑛𝑛S𝑛𝑛

L�𝑠𝑠,𝑛𝑛
. 

(3) 

where cost𝑛𝑛𝑜𝑜𝑘𝑘 indicates the re-construction cost at year 𝑡𝑡0 in city k for different types of residential 

buildings. 

 

 



23 

 

A spatio-temporal multi-scale statistical model for property prices  

With equations (1), (2) and (3) in place we develop a spatio-temporal multi-scale statistical model 

to investigate property price variations, explicitly taking into account the complex hierarchical 

structure of the property sales data with properties at the neighborhood scale (approximated by 

fine-resolution grid cells). 

This hierarchical approach is distinctively different to much of the rest of the academic literature 

which employs univariate and other approaches as these do not organize data in a geographically 

‘hierarchical’ way to reflect the spatially significant nature of the phenomenon under investigation.  

This is critical with regard to the question at the core of this research as we explicitly seek to 

understand the relationship between a highly diffuse externality - air pollution - and real estate 

market effects.  Proximity to the source of air pollution, or a position on the path of its prevailing 

diffusion determined by prevailing atmospheric variables, is highly likely to show a spatially 

significant pattern.  This is intuitively the case from the discussion of historically observed patterns 

of urban development in Western cities during the nineteenth century discussed in Chapter 2.  

Rendering this spatial phenomenon in a statistical model is a challenge that we present in the 

following set of model equations that follow existing techniques (see, Goldstein, 2010 and Albouy, 

Ehrlich and Shin, 2018) to establish the existence of a non-linear negative land price gradient in 

each city. The model is specified as: 

𝑎𝑎�𝑛𝑛,𝑖𝑖𝑖𝑖𝑘𝑘 = 𝛾𝛾0𝑛𝑛,𝑖𝑖𝑘𝑘 + � 𝜃𝜃𝑝𝑝𝑆𝑆𝑝𝑝𝑛𝑛,𝑖𝑖𝑖𝑖𝑘𝑘
𝑝𝑝

+ � Construction𝑞𝑞𝑛𝑛,𝑖𝑖𝑖𝑖𝑘𝑘
𝑞𝑞

+ 𝜖𝜖𝑛𝑛,𝑖𝑖𝑖𝑖𝑘𝑘. Property-scale 

model 

 

𝛾𝛾0𝑛𝑛,𝑖𝑖𝑘𝑘 = 𝛾𝛾0𝑖𝑖𝑘𝑘 + 𝜌𝜌𝑛𝑛𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛ℎ𝑡𝑡𝑛𝑛,𝑖𝑖𝑘𝑘 + Air𝑛𝑛,𝑖𝑖𝑘𝑘𝜗𝜗𝑘𝑘 + 𝜀𝜀𝑛𝑛,𝑖𝑖𝑘𝑘 Time-scale 

Model 

𝛾𝛾0𝑖𝑖𝑘𝑘 = 𝛾𝛾0𝑘𝑘 + � 𝛿𝛿𝑚𝑚,𝑘𝑘

𝑀𝑀

𝑚𝑚=1

dist𝑖𝑖𝑘𝑘𝑚𝑚 + Accessibility𝑖𝑖𝑘𝑘𝝋𝝋 + 𝑢𝑢𝑖𝑖𝑘𝑘 
 



24 

 

Neighborhood-

scale model 

𝛾𝛾0𝑘𝑘 = 𝛾𝛾0 + 𝑢𝑢𝑘𝑘  

District-scale 

model 

(4) 

𝜗𝜗𝑘𝑘 = 𝜗𝜗0 + 𝑢𝑢𝑘𝑘′ 

Conceived in this way the modelling process captures spatial-temporal effects across a hierarchy 

of  levels. 

Firstly, at the most micro, property scale we include a set of construction period effects 

(Construction𝑛𝑛), capturing the potential differences in values for properties sold and constructed 

in different time periods. In addition, properties’ structural characteristics (𝑆𝑆𝑝𝑝) that could 

potentially improve or degrade values were added into the model.  This included features such as 

the proportion of green space provided as part of a development (the ‘green ratio’) and the time 

properties have spent on the market prior to selling. 

Secondly, in order to capture the context within which properties are located we overlay each 

metropolitan area under consideration with 1 km × 1 km grid cells in order to understand the 

character of the urban environment at this fine-grained scale.  For example, within this part of the 

model we include a measure of development density, the ‘night light intensity’ variable 

(𝑛𝑛𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛ℎ𝑡𝑡𝑛𝑛,𝑖𝑖𝑘𝑘). Furthermore, we also include for each grid cell a range of accessibility measures 

such as accessibility to the city center, the nearest public park, educational facilities (such as nursey 

and primary schools) and public transport network, as indicated by proximity to subway stations. 

Crucially, it is in this part of the model that we incorporate the data on our core research interest, 

the concentration of atmospheric air pollution as measured by PM2.5 (Air𝑛𝑛,𝑖𝑖𝑘𝑘).   

Thirdly, at the scale of the jurisdictional district we capture: 1) the variability in land values 

between districts, and 2) the spatially varying impacts on land values of air quality. We allowed 

for the potential correlation between district-scale averaged land prices, land price gradients and 



25 

 

the impact of air quality on land values. This was achieved by specifying a multivariate normal 

distribution for the random effects of the accessibility to the city center and air quality, as described 

in Equation (5). 

�
𝑢𝑢𝑘𝑘
𝑢𝑢𝑘𝑘′

�  ~ 𝑀𝑀𝑀𝑀𝑀𝑀 (�00� , �
𝛺𝛺𝑘𝑘𝑘𝑘 𝛺𝛺𝑘𝑘𝑘𝑘′
𝛺𝛺𝑘𝑘′𝑘𝑘 𝛺𝛺𝑘𝑘′𝑘𝑘′

�). (5) 

Data and variables 

Property sales data 

To explore the model’s capacity to establish the potential effect on land values of improvements 

to urban air quality we tested the model in our three selected case study cities: Shenzhen in the 

south of China, Suzhou in the East and the northern city of Zhengzhou. These three cities differ 

substantially in terms of housing market conditions and air quality. In general, averaged property 

prices were highest in Shenzhen, followed by Suzhou and Zhengzhou. Air quality, on the other 

hand, was better in Shenzhen and Suzhou than in Zhengzhou. We developed a dedicated python 

package to scrape individual property transaction data from one of the largest and most popular 

real estate agencies, Lianjia1 which represents the largest national database of properties for sale 

in China’s 30 largest cities. 

For each property transaction data we obtained a wide range of information including the sale 

price, total area, structure type, time on market, number of viewings and the floor-to-area ratio for 

the residential block where each property record was located. Using Equations (2) and (3), we 

calculated the land prices per unit associated with each property transaction. Figures 3.1(a)-(c) 

provide a visual representation of this data (price/m²) for the three case study cities in 2017: 

 

 

 

 
1 https://lianjia.com/ 

https://lianjia.com/
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Figure 3.1 (a) The spatial distributions of property prices/m² in the city of Zhengzhou 

 

Figure 3.1 (b) The spatial distributions of property prices/m² in the city of Suzhou 
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Figure 3.1 (c) The spatial distributions of property prices/m² in the city of Shenzhen 

 

Air quality data 

In order to investigate the effects of air quality on real estate values we developed a spatio-temporal 

multi-scale process model to estimate the fine-resolution distribution of PM2.5. The starting point 

of the model is represented as equation 6 which describes the spatial concentration of air pollution 

as measured by PM2.5: 

𝑌𝑌(𝑠𝑠) = 𝐹𝐹𝑇𝑇𝐶𝐶(𝑠𝑠) + 𝑣𝑣(𝑠𝑠) + ξ(s)      𝑠𝑠 ∈ 𝐷𝐷, (6) 

where 𝑌𝑌(𝑠𝑠) represents the real PM2.5 concentration process comprising a global trend (i.e. a 

component explained by observed meteorological and topological factors), a spatially structured 

component approximated by a spatial Gaussian process (𝑣𝑣(𝑠𝑠)) and a random independent 

component (ξ(s)). The observed air pollution measures from monitoring station readings were then 

linked to the real process, and unknown parameters of Equation (6) were estimated by using 

information from observed pollution data.  The detailed estimation algorithm for the real process 

re-construction procedure was provided in Wikle, Zammit-Mangion and Cressie (2019). The 
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estimated spatial distribution of PM2.5 was further checked by using a cross-validation procedure 

- 80% of the samples selected as calibration data and the remaining 20% as validation data. The 

out-of-sample prediction accuracy was all above 90%. For each city, we estimated the annual 

PM2.5 distributions over grid cells with a resolution of 1 km × 1 km over the twenty year period, 

2000 - 2020. These were linked to property sales data by location and time. Figures 3.2 (a)-(c) 

present estimated air pollution distributions in the three case study cities. 

Figure 3.2 (a) Spatial distribution of PM2.5 concentrations in the city of Zhengzhou 
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Figure 3.2 (b) Spatial distribution of PM2.5 concentrations in the city of Suzhou 

 

 

Figure 3.2 (c) Spatial distribution of PM2.5 concentrations in the city of Shenzhen
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In order to check the robustness of model outcomes we used a secondary source of PM2.5 data 

derived from the ‘Atmospheric Composition Analysis Group’2. This data has a relatively long time 

span (1998-2020) and was produced by combining Aerosol Optical Depth (AOD) retrievals from 

the NASA MODIS, MISR, and SeaWIFS instruments with the GEOS-Chem chemical transport 

model, and subsequently calibrated with global ground-based observations using a geographically 

weighted regression (GWR) model.  

It is important to note that grid cell-scale accessibility variables were measured by using a real-

time online location service platform (Gaode mapping API service, one of the largest real-time 

navigation platforms in China, https://lbs.amap.com/). In addition, these accessibility variables 

were measured in parallel to public facilities taking into account real-world road networks and 

congestion conditions.3 For instance, the spatial distribution of driving time from each grid cell to 

the city center in Shenzhen and Suzhou are presented in Figures 3.3(a) to 3.3(c). 

 

 

 

 

 

 

 

 
2 This data source can be found at: https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02 
3 Each city was divided into a 1km × 1km resolution ‘fish net’. For each grid, we calculated the driving 
time (by car) to the city center to investigate land price gradients in each city. For different types of public 
facilities we calculated walking time and driving time to measure accessibility.  For example, walking time 
for community clinics and bus stations and driving time for hospitals. In addition, to account for everyday 
traffic congestion effects we used the location-based service API to calculate driving time at both rush hours 
and another time period and then took the averaged driving time. 

https://lbs.amap.com/
https://sites.wustl.edu/acag/datasets/surface-pm2-5/#V5.GL.02
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Figure 3.3 (a) Driving time to the city centre of Suzhou 

 

Figure 3.3 (b) Driving time to the city center of Shenzhen 
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Figure 3.3 (c) Driving time to the city centre of Zhengzhou 

 

 

Model Results 

When modelling the impact of geographically sensitive variables, such as air quality and real estate 

prices, space matters greatly.  It is, therefore, essential to capture the intuitive truth that the 

proximity of air pollution to a specific real estate market has a spatially significant effect: 

properties closest to the source of air pollution are likely to be most significantly affected with a 

decaying effect as properties become less proximate to the source of air pollution.  In statistical 

terms this is a hierarchical effect where data needs to be structured to take account of spatial 

coincidences.   

Before implementing the full model as specified in the above methodological section, we ran a 

series of spatial multi-scale models to test the benefits gained by explicitly modelling the 

hierarchical data structure of our property sales data. These model tests clearly show that the 

approach set out in this chapter of implementing a spatial multi-scale model outperformed 

univariate statistical approaches.  The data for these statistical tests is included as Appendix A. In 

all respects the approach taken outperformed alternative, less spatially-sensitive, statistical 
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approaches. For example, in terms of model fit, the preferred spatial multi-scale model explained 

approximately 90% of the total variability in land values per m² across the three case study cities 

(Appendix Tables A2-A4). 

The results using the two different data sources of PM2.5 were very similar. We consequently 

focused on the estimation results with PM2.5 concentrations compiled by the spatial-temporal 

multi-scale process model. A common feature of the variabilities in land values across different 

scales was clear and similar across the three cities - land values differ the most across districts, and 

then between grid cells within districts, followed by between individual properties within grid cells 

with least variability for the same grid cell across different time periods.  

The effect of air quality on land values 

With respect to air quality we found a statistically significant negative correlation between air 

pollution, as measured through the spatial incidence of PM2.5 and land values in all three of our 

case studies. A ten percent decrease in air pollution concentration was associated with 

approximately 6.3%, 9.5% and 7.7% increases in land value per m² for Zhengzhou, Suzhou and 

Shenzhen respectively, ceteris paribus.4 An alternative way of thinking about this phenomenon is 

in relation to the effect on individual property values of an improvement in air quality. Evaluated 

at the mean air pollution levels and land values in Zhengzhou, a decrease in annual PM2.5 

concentration from 57 μg/m3 to 51 μg/m3 would be associated with an increase of approximately 

2825 RMB per m², all other things being equal.  

It should be noted that in arriving at the statistics presented above we have assumed average real 

estate values for each of the case study cities.  However, we know from Figure 3.2 that there is 

considerable variability in the character of air pollution in each of the cities - some neighborhoods 

are more affected by this environmental externality than others.  Correspondingly, it follows that 

the scale of uplift in real estate values that could be attributed to air quality improvement in our 

three case study cities, Zhengzhou, Suzhou and Shenzhen, would also vary with the existing 

 
4 As both land value per m2 and air pollution levels were log-transformed, the regression coefficient was 
interpreted as an elasticity. Accordingly, the impact of a ten percent decrease in air pollution was 
calculated by this formula [(1 − 0.1)𝛽𝛽 − 1] × 100. 
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pattern of development values.  This spatial variability indicates that the scale of the impact on 

real estate values of improving air quality may be spatially heterogenous within cities.  For 

example, it could be that neighborhoods with particularly strong concentrations of air pollution 

may see greater than average increases in property values resulting from an improvement in air 

quality relative to those neighborhoods where air quality is relatively better. In this research we 

have used average real estate values in order to produce estimates that are within the central range 

of what might be achieved in practice. 

Quantifying the financial implications of improving air quality 

On the basis of the modelling results presented above we can begin to make substantive part-whole 

connections between air quality and land values.  For example, looking at the three case study 

cities for which we have robust results we can produce estimates of how air quality enhancements 

might affect land values and, consequently, the potential for land value capture.  

A good way of thinking about this relationship is to take the national ambient air quality standards 

issued by the Ministry of Ecology and Environment of the People’s Republic of China.  These 

standards define a classification of urban air quality based upon the annual concentration of PM2.5 

experienced in Chinese cities.   For example, for a city to attain Class 2 status the annual 

concentration of PM2.5 must be 35 μg/m3 or less.  

Taking this official classification and data on the scale of land release planned in Shenzhen, Suzhou 

and Zhengzhou we can begin to ask and answer hypothetical questions of the type: “what would 

be the impact on the price of land planned for development in in City X if air quality were to 

improve by Y%, sufficient to attain a higher classification of air quality?” Answering that first 

question will then lead to a follow-up question, namely: “how much in additional revenues from 

land leases for the local government Z would potentially be generated if air quality were to improve 

by Y%?” 

When considered in this way it is clear that the three case study cities for which we have robust 

results are good examples of the variety of experience across China.  A detailed description of air 

quality in these three cities is provided in Table 3.6.  
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Table 3.6: PM2.5 concentrations in cities of Zhengzhou, Suzhou and Shenzhen (units: μg/m3) 

 
Min. 1st Qu. Median Mean 3rd Qu. Max. 

Zhengzhou       

2017 68.3 70.0 71.4 71.1 72.0 73.2 

2018 59.8 62.1 63.3 63.2 64.3 67.1 

2019 54.8 57.9 59.0 59.0 60.0 63.0 

2020 50.6 53.6 54.1 54.2 55.0 58.5 

Suzhou       

2017 40.7 42.6 43 43.0 43.4 44.5 

2018 36.1 40.2 40.6 40.6 40.9 42 

2019 34.9 37.8 38.2 38.2 38.7 40.3 

2020 28 32.6 33.3 33.2 33.9 34.9 

Shenzhen       

2015 25.9 29.4 30.1 30.1 31 31.8 

2016 23.5 26.7 27.4 27.5 28.3 31.7 

2017 25.3 28.6 29.4 29.4 30.3 33.7 

2018 23.3 26 26.5 26.6 27.4 30.5 

2019 21.3 24.3 25.4 25.4 26.4 29.2 

2020 17.2 19.4 20.1 20.2 20.9 23.1 

Source: authors’ calculations based on our modelled PM2.5 data and remote sensing-based PM2.5 data 

product. 

The city of Zhengzhou, located in central China, is a good example of those Chinese cities that 

have not yet attained the reduced levels of air pollution necessary to achieve Class 2 status, despite 

experiencing improvements in air quality since 2010. The annual PM2.5 concentration in the study 

area of Zhengzhou dropped to 54.2 μg/m3 in 2020. Extrapolating from the trends contained in 

Table 3.6, at an annual rate of reduction of 5% in the annual PM2.5 concentration, Zhengzhou could 

potentially reach Class 2 status in nine years. But what would this mean for real estate values in 

Zhengzhou?  
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According to the 14th Five-year Plan and 2035 Vision goal outline for Zhengzhou, the city 

government plans to supply 45.06 km2 of residential land over this period.5 Using our model we 

can produce an estimate of how the value of this land would be affected if air quality continued to 

improve in Zhengzhou over the same time period.  On the basis of average adjusted land values 

for Zhengzhou from our data, if the annual PM2.5 concentration decreased by approximately 3% 

per annum the city would attain Class 2 status by 2035, a relatively conservative scenario.  If the 

total residential land to be developed was released evenly over this same time period, by 2035 it 

is estimated that the effect of an improvement in air quality of the kind necessary to attain Class 2 

status would result in an annual increase of approximately 2.28bn RMB in the value of the released 

land.  Over the course of the whole period this would result in an aggregate total land value uplift 

of 34.2bn RMB.  

It should be noted that this estimate may actually be conservative for two reasons.  Firstly, if past 

trends continue into the future, average land values are likely to grow over the period to 2035 

meaning that this estimate of the effect of improved air quality on land values could experience 

price inflation over the period to 2035.  Nevertheless, even on the basis of this conservative 

estimate, the total increase in land value over the period to 2035 is equivalent to approximately 

2.85% of the gross domestic product (GDP) of the 2020 Zhengzhou Metropolitan area in 2020. 6  

Secondly, the absolute quantity of land planned to be released does not include a detailed spatial 

allocation policy.  As residential land values are much higher in the core urban areas of Zhengzhou 

than in more peripheral areas it is possible that the stimulus to real estate values resulting from 

improved air quality may be greater than the average values used in our estimate if higher value 

land is released for development. 

In contrast to Zhengzhou the city of Suzhou, is a good example of those Chinese cities that have 

experienced moderate air pollution levels over a sustained time period which has allowed them to 

 
5 Details on land supply plans are available through the city planning office, here: 
http://public.zhengzhou.gov.cn/D0104X/5110504.jhtml 
6 The logic for the calculation is as follows. The annual decrease rate in air pollution is calculated as 2.8%, 
which leads to a 1.68% increase in the adjusted land value: approximately 758 RMB per m2 land. This 
multiplies the annual residential land areas to be developed (that is about 3 km2), yielding the annual total 
land value uplifted by air quality improvement. The GDP of the Zhengzhou Metropolitan area in 2020 was 
1200.3bn RMB (Henan Province Bureau of Statistics). 
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reach Class 2 status recently. Based on the Suzhou government’s spatial planning target to 2035, 

an additional 102 km2 of residential land is projected to be supplied by 2035, or a land supply 

pipeline of 6.8 km2 annually.7 Based upon the model findings presented earlier in this chapter for 

annual PM2.5 concentrations to fall into the Class 1 designation (15 μg/m3 or less) by 2035 this 

would require a year-on-year decrease of approximately 5.2% - a relatively conservative target 

given the scale of reductions experienced in Suzhou in recent years.  This hypothetical 

improvement in air quality would be associated with an estimated uplift in land value for this 

development pipeline of approximately 8.2bn RMB annually or 123.5bn RMB in total over the 

period to 2035. For the purposes of contextual comparison, the estimated uplift in the value of the 

development pipeline of 123.5bn RMB represents approximately 6% of Suzhou’s annual GDP in 

2020 (Suzhou’s GDP in  2020 was 2017.05 bn RMB, ranking in sixth place nationally). 

Finally, the city of Shenzhen, located in the very south of China, is a good case of those Chinese 

cities where air quality has improved significantly in recent years to an annual PM2.5 concentration 

of less than 35 μg/m² - relatively close to the standards required for Class 1 designation. According 

to the city administration of Shenzhen, an additional 37.5 km2 of residential land is projected to be 

supplied over the city plan period to 2035. 8 If annual PM2.5 concentrations in Shenzhen fell by 2% 

per year through to 2035 this would result in the city reaching the standards required for Class 1 

status.  Assuming total residential land release occurred evenly in each year through to 2035 the 

total land value uplift resulting from this improvement in air quality would be approximately 

125.2bn RMB over this period - an annual increase of approximately 8.3bn RMB. Again, for 

context, this figure of 125.2bn RMB is approximately the equivalent of 4.5% of Shenzhen’s GDP 

in 2020 (the GDP of Shenzhen city in 2020 was 2767 bn RMB).  

 

 
7 Details on land supply plans are available here: 
http://www.sz.gov.cn/cn/xxgk/zfxxgj/zwdt/content/post_8897876.html. The projected residential supply 
is based on the target population projected to 2035, forecasted living area per person and a floor-to-area 
ration of 2.5.  
8 Details on land supply plans are available here 
http://www.sz.gov.cn/cn/xxgk/zfxxgj/zwdt/content/post_8897876.html 

http://www.sz.gov.cn/cn/xxgk/zfxxgj/zwdt/content/post_8897876.html
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Summary of model findings 

The findings of the modelling work presented in this chapter point to the potentially very 

significant positive effects on land values of investments to improve air quality.  Moreover, the 

results across our three case study cities are very consistent.  Moreover, the scale of the impact of 

a substantive fall in the concentration of PM2.5 on land values in all three of our case studies cities 

points to the potential for all three cities to benefit from an uplift in the value of development land 

through LVC receipts. 

Furthermore, in the course of producing the model results we conducted preliminary checks to 

explore the degree to which the three case study cities are typical of the broader Chinese 

experience. This is an area for further systematic research.  However, it would appear, on the basis 

of very preliminary research, that the relationships that hold for Shenzhen, Suzhou and Zhengzhou 

are common to many other comparable cities from across China.  The only exception to this last 

statement is the capital city, Beijing, which is in the unique position of being a very early pilot for 

a series of air quality improvement initiatives much earlier than any other Chinese city.  The special 

character of Beijing with regard to the research question of air quality and real estate values is 

worthy of further individual attention.  A short note on this future research agenda is included as 

Appendix B to this report. 

The conclusion of the modelling work raises a series of questions regarding how policy makers 

think about initiatives to enhance air quality and the degree to which the proceeds of land value 

capture could be used to finance such initiatives in order to create a ‘land-air-land’ virtuous 

development cycle. In the following chapter we present data on this question arising from a small 

program of semi-structured interviews with stakeholders and experts with regard to land-based 

finance in Chinese cities. 
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Chapter 4. To what extent could research findings influence policy decisions? 
 
In response to the findings presented in Chapter 3 we undertook a small program of semi-structured 

interviews with 6 participants: a policy maker in one of the case study cities, a representative of 

the Chinese real estate industry and four land-based finance experts.  This qualitative process of 

data collection was designed to explore the degree to which policy makers may consider the 

relationship between air quality and land values with respect to policy and practice on land value 

capture.  In particular we were keen to understand the degree to which the results of our 

quantitative analysis presented in Chapter 3 might provide evidence to policy makers regarding 

the specific relationship between investments designed to improve air quality and  enhanced land 

values that in turn may subsequently act as a stimulus to land value capture. 

The semi-structured interviews were designed to provide insights into three core questions: 

1. To what extent do policy makers consider air quality in developing LVC policies and 

making investment decisions? 

2. To what extent do policy makers have access to systematic evidence on the impact of air 

quality on land values? 

3. To what extent are policy makers aware of the possibility of catalyzing a virtuous ‘air-land-

air’ value cycle? 

 

Taking each in turn: 

 

Question 1: To what extent do policy makers consider air quality in developing LVC policies 

and making investment decisions? 

Most interviewees were very clear that LVC has been a vitally important policy in China over the 

period characterized by the nation’s mass urbanization. However, some interviewees argued that 

there are sometimes governance issues that separate the City Planning function (which determines 

land release, the location and character of new development) from Finance which often has the 

responsibility for investing the proceeds of any LVC associated with a new development. For 

example Interviewee A pointed out that: 
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“At the local level, the income of land auctions is mainly managed and allocated by 

the Finance Bureau, so it is not always clear which income is used for which special 

purpose, at least not statistically”.  

The same interviewee described the types of investment decision that might follow from this 

process:  

“The common type of funding expenses include transport and public infrastructure, 

but [the] local authority will make decisions based on special needs over time. In 

addition, we could set up requirements at [the] land auction to exercise influence on 

developers. The most relevant to sustainability would normally be a requirement for 

green building technologies in a development project”.   

Interviewee B believed that local governments still lack sufficient information on the impact of air 

quality on land prices: 

“Since policy makers do not know how much uplift in land value can result from improved 

air quality they probably won’t take it into consideration in their LVC policies. The same 

goes for real estate developers: since they have no control over investments in air quality 

improvement, they can be expected to be reluctant to contribute to these investments”. 

Interviewee C, a representative of the real estate development community, confirmed the private 

sector’s willingness to include green building requirements, but was also less confident about 

particular clean air requirements: 

“Private developers can be expected to be willing to pay for including green building 

technologies, but might be reluctant to contribute to clean air requirements, because of the 

transaction costs” 

From this perspective it would appear that, as is the case in most nation states, decisions on the 

investment of LVC receipts is taken on a case-by-case basis resulting in some ‘typical’ forms of 

investment, such as rail infrastructure.  However, our research shows that considering the 

possibilities for what LVC might fund more broadly encourages consideration of the relative 

returns to different types of investment.  Thinking about LVC in this way is the basis for 
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considering what might be useful evidence in supporting policy makers to achieve wider 

sustainability goals on the basis of LVC policies applied to each individual development. 

More generally, there was strong and uniform support amongst interviewees for policies designed 

to support the national goal of delivering the vision of an ‘ecological civilization’.  The centrality 

of clean air to this vision was shared by those participating in the research.  However, it was also 

noted by some interviewees that the proceeds of LVC are not commonly understood as being a 

source of income that could or should be used to enhance the environment.  Rather, the goal for 

some interviewees was understood to be more about ensuring new development had a neutral 

impact on existing  environmental conditions: 

“The most common thing is that projects need to pass the environmental evaluation so 

as to avoid negative impacts on the environment.  However, beyond this it is not very 

common to require additional contributions to the environment.  So far not much 

consideration has been given to air quality in this.” (Interviewee A)  

Interviewee B, however, believed that this situation may change in the near future: 

“With the implementation of new regulation[s] in 2021, the central government has 

increased control over the expenditure of land sales revenues by local governments. They 

will now need to provide evidence that these revenues will be spent on public 

infrastructures that support national government policy goals. Obviously, investments in 

air quality would fit with these policy goals. For that reason, there might be a better case 

now for using land-based revenues for clean air investments”. 

Most interviewees argued that the process of policy formulation and the development of specific 

plans and proposals to achieve improved air quality would be best supported by clear and 

consistent evidence.  As one interviewee noted: 

“Right now, I doubt that real estate developers are willing to pay a higher price for 

land, just because the local government “promises” improved air quality. Private 

developers just have no control over air quality, which would make it very risky for 

them to invest in it. The situation might change, however, if local governments can 
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give them a long-term perspective on clean air, supported by evidence of a positive 

impact on property prices and land values”. 

Question 2: To what extent do policy makers have access to systematic evidence on the 

impact of air quality on land values? 

Evidence from our program of semi-structured interviews would suggest that the form of 

quantification presented in this study represents much-needed evidence to inform policy decision 

making in the case study cities.  For example, being able to make statements such as “a 10% 

reduction in the concentration of PM2.5 is associated with increases of approximately 5.8%, 9.2% 

and 7% in land value per m² for Zhengzhou, Suzhou and Shenzhen respectively” was understood 

as providing policy makers with information that could directly inform the decision-making 

process: 

“It is sometimes the case that local government lacks funding for public goods, often 

such as green space. In such cases, the plan will be made by the government during 

the process of land auction, rather than that of urban plan-making. It is sometimes 

called a ‘bundle auction’. However, the calculation that government does is mainly 

focused on the costs of direct investment, as compared to the loss of land auction 

income as well as the future growth of land value. But this is complex and needs to be 

carefully implemented”. (Interviewee A) 

Interviewee B adds to this: 

“There certainly is a lack of awareness of the impact of air quality on land values, both in 

local governments and in the real estate industry. Policy makers and private developers 

might have some notion of a positive impact, but they don’t know how to quantify that”. 

This point of view goes directly to the subject of this research.  There was a clear intuitive 

understanding amongst the interviewees that funding some environmental assets can have an 

impact on property market dynamics.  However, quantifying this relationship as we have done in 

this research, represents a significant step forward that may provide local authorities with the kind 



43 

 

of evidence they need to implement a positive value cycle whereby air quality improvements 

stimulate land values that in turn provides the basis for further LVC receipts. 

Question 3: To what extent are policy makers aware of the possibility of catalyzing a virtuous 

‘air-land-air’ value cycle? 

The concept of the ‘virtuous circle’ was introduced to research participants. The potential for 

investments in air quality to be reflected in enhanced land values and, correspondingly, greater 

land value capture was enthusiastically welcomed by many.  The cyclical nature of this process 

whereby the reinvestment of land-based finance in measures to improve air quality, such as 

through public transport infrastructure, was seen by some as a possible way of making a long-term 

contribution to the realization of the ‘ecological civilization’. For example, on being presented 

with the research findings set out in this document one interviewee remarked: 

“This is encouraging news.  One thing might be relevant in relation to this in the future 

is the possible development of transferable development rights and further income 

through carbon trading schemes that may bring more funds for local environmental 

protection” (Interviewee A).   

Interviewee D, however, was keen to point out that the instigation of a virtuous value cycle 

could potentially entail trade-offs with the manner in which other aspects of how LVC 

policies function on a city-by-city basis. For example, in the case of Shenzhen, it was 

suggested that LVC policies directed to creating an air-land-air value cycle might entail a 

shift in focus away from affordable housing: 

“It is important to understand the institutional context in which residential land is 

auctioned. In cities like Shenzhen, the leasing prices are not based on market demand, 

but maximized by the government in order to keep prices of new apartments 

affordable. In such a situation, there would unfortunately be no room to benefit from 

the uplift in land value caused by improved air quality”. 
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Other interviewees argued that providing evidence and creating awareness of the positive 

impact of improved air quality on land prices might be a real “game changer”. As 

Interviewee E puts it: 

“This can change the perspective for local governments on the present top-down policy 

that they just must meet with the environmental goals set by the central government. 

Right now, they consider these investments mainly as an expenditure. By providing 

evidence that investments in air quality result in higher land prices they can see that 

they might actually receive financial benefits from these investments as well, in terms 

of larger land-based revenues”. 

This perspective was corroborated by Interviewee B: 

“The government is already investing in a long-term carbon neutral program, 

but looks at this right now as a public expenditure only. We may have a new 

situation now, if we can really create awareness of the immediate land-based 

financial benefits of such a program. And it would actually be good to also 

show the opposite trend: if you do not invest in improved air quality, land 

prices may go down and you will lose these benefits”. 
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Chapter 5. Conclusions: From air to land and back again 
 
The aggregate of findings presented in this report provide an exciting prospect for genuine 

academic-policy interaction in at least three ways. 

Firstly, the modelling work presented in Chapter 3 provides a rigorous response to a long standing 

academic question: how can we infer land values from property prices? The approach presented 

disentangles changes in the market price for dwellings and implied changes in the underpinning 

asset upon which those dwellings stand – land.  This represents a significant academic achievement 

as it provides much-needed evidence on the economic relationship between realized transactional 

evidence in the real estate market and the more opaque value of land itself. 

Secondly, in applying this model in conjunction with data on the spatial incidence of air pollution 

we have been able to identify statistically significant relationships between reductions in air 

pollution and enhanced land values. Model results clearly show that in all three of our case studies, 

improvements in air quality (as measured by reductions in the concentration of PM2.5) were 

associated with significant positive increments in land values.  In this report we have chosen to 

express this as an elasticity: a 10% reduction in the annual concentration of PM2.5 was associated 

with increases of approximately 5.8%, 9.2% and 7% in land value per m² for Zhengzhou, Suzhou 

and Shenzhen respectively.  

The act of isolating the response in the dependent variable (land values) resulting from changes in 

the independent variable (air quality) means we are able to make spatially-significant associations 

between initiatives designed to enhance air quality with the geography of real estate markets. 

The monetary values associated with these proportionate changes in air quality and land values are 

hugely significant.  Using the details contained in the local planning documents for our three case 

study cities we presented in Chapter 3 extrapolated financial values for the uplift in land values 

resulting from relatively modest improvements to air quality in each city.  In the case of Zhengzhou 

the necessary improvements in air quality to achieve Class 2 status with regard to annual 

concentrations of PM2.5 would be associated with an uplift in the pipeline of development land to 

be released of 2.28bn RMB per annum - a cumulative total of 34.2bn RMB over the relevant 

planning period to 2035. For the cities of Shenzhen and Suzhou the scale of the potential uplift in 
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land values was even greater.  If each city was able to improve air quality to the levels necessary 

to move into the relevant higher class to their current position the uplift in land value for the 

development pipeline would be forecast to increase by 8.2bn RMB annually for Suzhou (123.5bn 

RMB cumulatively to 2035) and 8.3bn RMB annually for Shenzhen (125.2bn RMB to 2035). 

The clear implication of these findings is the potential for an air-land-air value cycle.  Across all 

three case studies the enhancement of urban air quality has the potential to stimulate real estate 

values that could translate into a significant source of revenue for city administrations. If this 

revenue could be used to invest in infrastructure and initiatives that subsequently go on to stimulate 

a further improvement in air quality the conditions for a ‘virtuous circle’ of development activity 

could be envisaged. 

The potential value of this finding in the determination of policy is significant.  From our 

qualitative engagement with stakeholders, policy makers and industry experts discussed in Chapter 

4 it is clear that there is an intuitive understanding that improved air quality = improved real estate 

values = the potential for LVC.  However, it was also clear that the case for air quality improvement 

initiatives needs to be grounded in a carefully quantified account of this relationship.  This is a 

vital step in bridging the gap between planning and finance functions in city administrations.  The 

former is responsible for land release, administering LVC policies and determining the location 

and character of new development.  However, it is typically Finance departments that make 

investment decisions. Developing joined-up policy making in this environment is best supported 

through coherent evidence.  It is our hope that this report provides precisely this evidentiary 

resource to support a broader debate in China regarding how LVC might support the national goal 

of realizing the ecological civilization. 
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Appendix A. Model test results 

 
In order to establish the added value of the spatial multi-scale model set out in Chapter  3 compared 

to univariate and unstructured statistical models we performed a series of statistical tests that are 

summarized in Tables A1 – A4. 

All test results show that univariate methods and those that do not apply an appropriate hierarchical 

organization to the data are likely to underperform relative to the spatial multi-scale approach taken 

in this research. In terms of model fit, the preferred spatial multi-scale model explained covers 

approximately 90% of the total variability in land values per m² across the three case study cities.  

From the estimated variability in land value per m² there was a common trend that land values 

differed the most across districts, and then between grid cells within districts, followed by between 

individual properties within grid cells.  

Model results provide a range of interesting findings that provide quantitative evidence on the 

determination of property values.  For example, with regard to the structural characteristics of 

properties and all other things being equal, the land values of properties with central heating, higher 

proportions of green space and higher floor to area ratios were higher than those of properties 

without central heating, lower green area ratios and lower floor to area ratios. Also, the time taken 

for a property to sell provides a clear insight into market characteristics.  If a property stayed on 

the market for ten days longer than the average time taken for other properties to sell, the associated 

land value per m² tended to be lowered by 0.1% in Zhengzhou, 0.1% in Suzhou, 0.06% in Beijing 

and 0.03% in Shenzhen. 

Furthermore, we found that there was a non-linear relationship between accessibility to the city 

center and land values in the three case cities. We explored this non-linear characteristic in land 

value gradients differently across cities by judging whether the coefficient of the quadratic driving 

time term was statistically significant or not. For the cities of Zhengzhou and Suzhou, the location 

with the highest property values did not coincide with the traditional city centers which resulted in 

a statistically non-linear land value gradient.  That is, land values per unit increased first with less 

accessibility to the city center but then declined with increased driving time to the city center. For 
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Shenzhen we found a statistically significant land value gradient but an insignificant coefficient 

for the quadratic driving time term.  These findings are represented graphically in Figure A1, 

below. 

Figure A1: The estimated land value gradients in three case cities 
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Table A1: Proof of concept that the three-scale hierarchical structure of property sale data 

needs to be modelled. 

 Log-likelihood Deviance χ2-statistics P-values 

Univariate regression model -20511.81 41023.62   

Multi-scale models (properties nesting into 
grid cells) -9226.6 18453.2 22570.42 < 0.000  

Multi-scale models (properties nesting into 
districts) -2006.6 4013.2 14440 < 0.000  

Multi-scale models (properties nesting into 
grid cells that further nest into district) 79.6 -159.2 4172.4 < 0.000  
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Table A2: Model estimation results for the city of Zhengzhou 
 

pm GWRpm 
 

Estimates Std. Error Estimates Std. Error 

Intercept 11.069*  1.090  18.310* 1.056 

Green area ratio 0.143*  0.003  0.349* 0.031 

Central heating # 0.643*  0.019  0.255* 0.005 

Time on market -0.010*  1.090  -0.008* 0.001 

Accessibility to     

City center 1.245*  0.322  0.880* 0.164 

City center Squared -0.995*  0.203  -0.649* 0.133 

Green parks -0.101*  0.016  -0.161* 0.022 

Nursery school -0.059*  0.024  -0.206* 0.031 

Primary school 0.023*  0.020  -0.118* 0.026 

Subway station -0.034*  0.016  -0.035 0.017 

Urban vibrancy -0.009 0.005 -0.008 0.008 

Air pollution -0.578* 0.256 -1.862* 0.247 

Random effect estimates     

Property-scale variability 0.017 0.130 0.037 0.193 

SaleYear-scale variability     

Grid-scale variability 0.033 0.183 0.095 0.308 

District-scale variability 1.086 1.042 2.797 1.672 

Air pollution 0.036 0.191  0.165 0.406 

Cor (Intercept, Air pollution) -0.760   -0.990  

Sample size 43567  24610  

Log-likelihood of Air pollution 4365.7  4367.7  

Pseudo-R2  0.933  0.824  
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Note: * indicates a significance level at least at 5%; # indicates that the central heating variable was not available in 
Suzhou and Shenzhen as there was no central heating for properties in the southern part of China; Pseudo-R2 was 
calculated by the squared correlation coefficient between the observed and predicted outcome variable. The column 
named “GWRpm” refers to estimation results with PM2.5 measured by using the remote sensing data product as 
illustrated in the data section of the manuscript. 
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Table A3: Model estimation results for the city of Suzhou 
 

pm GWRpm 
 

Estimates Std. Error Estimates Std. Error 

Intercept 13.200* 0.182 13.410* 0.221 

Green area ratio 0.313* 0.012 0.314* 0.013 

Central heating #     

Time on market -0.010* 0.001 -0.014* 0.001 

Accessibility to     

City center 0.375 0.194 0.390 0.200 

City center Squared -0.357* 0.165 -0.341* 0.170 

Green parks 0.005 0.036 0.010 0.037 

Nursery school 0.000 0.052 -0.009 0.054 

Primary school 0.036 0.038 0.046 0.041 

Subway station -0.100* 0.017 -0.100* 0.017 

Urban vibrancy -0.053* 0.012 -0.047* 0.013 

Air pollution -0.860* 0.040 -0.922* 0.053 

Random effect estimates     

Property-scale variability 0.016 0.128 0.02 0.13 

SaleYear-scale variability 0.004 0.060 0.00 0.06 

Grid-scale variability 0.022 0.150 0.02 0.15 

District-scale variability 1.114 1.056 1.67 1.29 
 

    

Air pollution 0.064 0.253 0.11 0.33 

Cor (Intercept, Air pollution) -1.00  -0.990  

Sample size 44206  40694  

Log-likelihood of Air pollution 25712  24084  

Pseudo-R2  0.805  0.808  

Note: * indicates a significance level at least at 5%; # indicates that the central heating variable was not available in 
Suzhou and Shenzhen as there was no central heating for properties in the southern part of China; Pseudo-R2 was 
calculated by the squared correlation coefficient between the observed and predicted outcome variable. 
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Table A4: Model estimation results for the city of Shenzhen 

 
pm GWRpm 

 
Estimates Std. Error Estimates Std. Error 

Intercept 15.210* 0.266 15.070* 0.285 

Green area ratio -1.105* 0.028 -1.070* 0.029 

Central heating #     

Time on market -0.003* 0.001 -0.003* 0.001 

Accessibility to     

City center -0.783* 0.205 -0.759* 0.211 

City center Squared     

Green parks -0.414* 0.166 -0.436* 0.169 

Nursery school 0.069 0.237 0.173 0.248 

Primary school -0.140 0.140 -0.171 0.144 

Subway station -0.272* 0.079 -0.276* 0.082 

Urban vibrancy 0.018 0.013 0.013 0.016 

Air pollution -0.760* 0.050 -0.696* 0.056 

Random effect estimates     

Property-scale variability 0.052 0.229 0.052 0.229 

SaleYear-scale variability 0.006 0.081 0.007 0.084 

Grid-scale variability 0.185 0.430 0.188 0.434 

District-scale variability 1.016 1.008 1.250 1.118 

Air pollution 0.065 0.255 0.091 0.301 

Cor (Intercept, Air pollution) -0.910  -0.920  

Sample size 22551  21099  

Log-likelihood of Air pollution -185.43  -239.26  

Pseudo-R2  0.906  0.908  

Note: * indicates a significance level at least at 5%; # indicates that the central heating variable was not available in 
Suzhou and Shenzhen as there was no central heating for properties in the southern part of China; Pseudo-R2 
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Appendix B. The unique case of Beijing 
 
In the course of producing the model results reported in Chapter 3 of this report we conducted 

preliminary checks to explore the degree to which the relationship between air quality 

improvements and land value uplift witnessed in the three case study cities – Shenzhen, Suzhou 

and Zhengzhou – was indicative of a more generally observable phenomenon in Chinese cities.  

Although this is a question that requires a broader research design it would appear that, on the 

basis of very preliminary research, the findings that hold for Shenzhen, Suzhou and Zhengzhou 

are likely to be replicated in other comparable cities from across China.   

The only exception to this last statement is Beijing. Preliminary research would suggest that, for 

China’s capital city, the modelled relationship between air pollution and land value were quite 

different to the consistent results for the three case study cities: at various moments in the recent 

past improvements in air quality occurred alongside declining real estate values. The model 

statistics for Beijing that represent this phenomenon are presented in Table B1, below followed by 

the depiction of residential values and air quality indicators in Figures B1a and B1b and the 

relationship between concentrations of PM2.5 and land values in Beijing (Figure B2). 

Table B1: Model estimation results for the city of Beijing 

 
pm GWRpm 

 
Estimates Std. 

Error 
Estimates Std. Error 

Intercept 11.340* 0.190 11.220* 0.192 

Green area ratio -0.048* 0.022 -0.048* 0.022 

Central heating # 0.039* 0.004 0.039* 0.004 

Time on market -0.006* 0.001 -0.006* 0.001 

Accessibility to     

City center -0.766* 0.190 -0.739* 0.189 

City center Squared     

Green parks -0.326* 0.108 -0.326* 0.108 

Nursery school 0.129 0.142 0.127 0.142 
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Primary school -0.098 0.097 -0.100 0.097 

Subway station -0.193* 0.044 -0.191* 0.044 

Urban vibrancy 0.014 0.010 0.013 0.010 

Air pollution 0.166* 0.015 0.192* 0.017 

     
 

    

Random effect estimates     

Property-scale variability 0.033 0.182 0.033 0.182 

SaleYear-scale variability 0.002 0.043 0.002 0.043 

Grid-scale variability 0.132 0.363 0.131 0.362 

District-scale variability 0.251 0.501 0.304 0.552 
 

    

Air pollution 0.013 0.113 0.016 0.127 

Cor (Intercept, Air pollution) -0.840  -0.870  

Sample size 69048  69048  

Log-likelihood of Air 
pollution 17130  17139  

Pseudo-R2  0.913  0.913  

Note: * indicates a significance level at least at 5%; # indicates that the central heating variable was 
not available in Suzhou and Shenzhen as there was no central heating for properties in the southern 
part of China; Pseudo-R2 was calculated by the squared correlation coefficient between the 
observed and predicted outcome variable. 
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Figure B1(a) The spatial distributions of property prices/m² in the city of Beijing 

 

 

Figure B1(b)Spatial distribution of PM2.5 concentrations in the city of Beijing 
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Figure B2: The distribution of PM2.5 and land value in Beijing 
 

  

 
Explaining the Beijing phenomenon 
The absence of a robust relationship between air quality improvements and real estate values in 

Beijing should not necessarily be interpreted as meaning that there is not a case for pursuing air 

quality improvement initiatives. Rather, it is possible that Beijing as the national capital, is a unique 

case where specific policy initiatives may well have interacted and had a significant influence on 

the variables under investigation.  

The priority of improving urban air quality came much sooner to Beijing than any other Chinese 

city.  A formative moment in the drive to improve air quality in Beijing came in July 2001 when 

Beijing was awarded the status of host city for the 2008 Olympic Games.  There followed, 

throughout the 2000s and in to the 2010s, a concerted program of initiatives to improve air quality 

as Beijing’s role on the international stage became more prominent, hosting, for example, the Asia-

Pacific Economic Cooperation Conference in 2014 and the China Victory Day Parade in 2015.  

Such event-driven initiatives were followed by the relocation of some industrial facilities that had 

a considerable impact on air quality in Beijing.  However, a range of housing market regulations 

designed to control affordability were implemented in parallel.  This latter set of measures included 

restrictions on the number of properties any individual could own and financial regulations on 

mortgage finance. These regulations have been understood as partly responsible for a decline in 

average property prices in Beijing since 2017 - a very different phenomenon to most other Chinese 

cities which have seen a significant growth in real estate values over the same period. 
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The result of these policies has resulted in a unique set of circumstances becoming established in 

Beijing: sustained improvements in air quality over a longer-term time frame combined with 

housing market initiatives that have suppressed price inflation for domestic dwellings.  The result 

has seen significant improvement in Beijing’s air quality (see Figure B2) coincide with a slight 

decline in average real estate prices. It should also be noted that this unique policy environment 

has been in effect over the same period of time as the source data which populates our model. It 

is, therefore, likely that circumstances specific only to Beijing mean that the phenomenon being 

measured – improved air quality being associated with a slight decline in real estate values – is 

unique to the Chinese capital.  Further investigation of the specific case of Beijing on the basis of 

a longer historic time frame covering various stages of environmental policy priorities would be a 

valuable goal for future research.  In the context of this research, however, it should be clear that 

the unique case of Beijing does not invalidate the robust results for our other three case study cities, 

Shenzhen, Suzhou and Zhengzhou.  
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