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An evidence-based planning support methodology for site 
selection of green apartments concerning preferences of 
various social groups in the Chinese context 
 

 

Abstract 

 

In the transition from a state-led industrial to a market-driven post-industrial urban economy, 

Chinese planners are increasingly faced with the challenge to develop sustainable cities. The 

concept of green building is part of the planning strategy. However, the consumer market has 

shown limited response to such policies. The knowledge about the willingness of different 

socio-economic groups to pay for green versus conventional housing attributes need to be 

integrated in the sustainable planning process. This article proposes an evidence-based 

planning support methodology to select sites for green apartment construction. It collects, 

analyzes, and integrates housing preferences of three social groups in planning making. It 

illustrates the methodology in two scenarios in Nanjing, China: after new metro construction 

and after redevelopment of heavy industrial areas. Results show that this methodology can 

help planners and policy makers to select proper sites of green apartments for each social 

group. 
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1 Introduction  

 

In the transition from a state-led industrial to a market-driven post-industrial urban economy, 

high quality of life is desired by the rapidly increasing and wealthier urban population in 

China. Current master plans have proclaimed planning objectives such as eco-city, smart city, 

healthy city, and so on. The on-going debate is about the type of city that not only suits the 

needs of Chinese citizens, but also meets the goals of sustainability. So-called green 

apartments contribute to the achievement of sustainability (Holden & Norland, 2005). The 

Chinese government has adopted the green building policy as part of its national strategy to 

build more sustainable cities. It provides financial incentives such as subsidies to promote the 

construction of green apartments. However, the building codes in China mainly stress savings 

in energy consumption (energy performance). The consumer market has shown limited 

response to such policies, partly due to the fact that government subsidies cover only a part of 

the extra costs of green apartments.  

 

With changes arising from the transition, the urban housing market in China has become 

more differentiated. This is evidenced by the emerging pattern of house prices, attracting 

different socio-economic groups who can only afford homes in a certain segment of the 

housing market. The extreme hikes in price deny poor people the opportunity to enjoy a 

living standard similar to that enjoyed by the rich (Vallance et al., 2011). Though the current 

sustainability policies try to promote green apartments via raising the environmental 

awareness among developers and consumers, consumers lack demands and are with a 
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shortage of purchase power for green apartments. If consumers are not willing to pay extra 

for green apartments, developers will not produce it (Mutter & Sterk, 2012). The promotion 

for green apartments is then blocked in planning practice. 

 

Current master planning in China mainly makes use of information sources such as statistics, 

surveys, planning experiences, and planners’ professional knowledge. However, these broad 

sources have not formed a clear role in understanding the housing preferences of various 

social groups. With these sources, planners might not clearly know the needs of residents. It 

is argued that different stakeholders have difficulties to understand each other as their various 

goals and interests give rise to different interpretations and expectations of space (Lefèbvre, 

1991). The inability to understand residents burdens planners and policy makers to make 

planning fitting the needs of residents, particularly the green housing needs of various social 

groups.  

 

To mainstream green building, planners need to understand the consumer market and the 

trade-offs homebuyers make with regard to green apartment attributes against other attributes 

such as accessibility and neighbourhood quality. This knowledge provides planners and 

policy makers with insights into value system of different social groups about the quality of 

life. And it helps planners and policy makers to decide the sites of green apartments 

concerning preferences of various social groups. Planners and policy makers are not aware of 

this kind of knowledge and they miss the planning methodology to gain the knowledge. 

Current planning support systems in China mainly use spatial information such as land use 

and transportation data based on the Geographic Information System (GIS) (e.g. Yeh, 2008; 

Wang & Zou, 2010). The analyses and simulations in these PSS hardly incorporate 

perceptions and valuations of residents. Planners need an easy to use PSS to understand 

people’s perceptions and valuations correctly and to apply this knowledge into planning 

practice appropriately. 

 

In the West, the paradigm of urban planning has shifted from the technology-dependent (the 

1960s to 1970s) to a more participatory approach (Douglass & Friedman, 1998). Decision 

making is no longer mainly based on computer models (routine management tasks) but more 

on consultations and negotiations with different stake holders (Yeh, 2008). Planning is trying 

to analyse citizens’ perceptions and incorporate their preferences into planning and policy 

making (Pakir et al., 2012). Nevertheless, the incorporation of people’s perception has its 

difficulties in the planning process. It is pointed out that there is a gap in bringing such 

knowledge from evidence into planning and decision making due to lack of a useful 

methodology (Krizek et al., 2009; Biermann, 2011).  

 

In many cases, planning support systems (PSS) and planning support methodologies have 

been developed to support the integration of people’s preferences (Geertman & Stillwell, 

2009; van Delden & Hagen-Zanker, 2009). Generally speaking, PSS gather, structure, 

analyze, and communicate information in planning process by integrating functions such as 

geographic information systems (GIS), planning models, and visualization (Geertman, 

2002;Vonk et al., 2005). PSS are tools focusing on supporting planning. The participatory 

PSS are designed to facilitate stakeholders’ involvement in planning process. For instance, 

van Delden and Hagen-Zanker (2009) invited stakeholders to value different land use 

scenarios, and they argued that linking qualitative storylines to quantitative modelling can 

improve the quality of the total scenario to a very large extent. These participatory PSS focus 

on specific planning issues in certain planning context and are hardly mainstreamed at large 

scale and in other context. Geertman and Stillwell (2009) pointed out that most PSS are 
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academic prototypes or ‘one off’ professional applications that cannot be adopted elsewhere. 

Biermann (2011) illustrated that the failures in mainstreaming PSS were because of the 

mismatch between structured outputs of traditional planning models and the more 

unstructured information needs of decision-makers. 
 

The planning outcomes would change based on different urban policies. The PSS with ‘What 

If?’ analysis can integrate people’s preferences into different planning scenarios. These 

scenarios are used to anticipate various ‘What If?’ questions and are often used as a tool to 

generate discussion among stakeholders (An et al., 2005). However, there is no PSS 

providing a comprehensive view at the city level to understand green preferences of various 

social groups and to select sites for green construction. 

 

Taken from the Chinese current situation and the West’s planning paradigm, this article 

proposes an evidence-based planning support methodology in which housing valuations of 

various social groups are collected, analyzed, and integrated at the beginning of planning 

process and at the city level. In this article, evidence is seen as a way of justifying the existing 

knowledge, indicating possible future scenarios, connecting visions, actions and outcomes in 

the area covered by the plan (Davoudi, 2006; Faludi, 2006). Since the methodology of using 

evidence in planning depends on the planning context and the purpose of using it (Lord & 

Hincks, 2010), this article define the research question as:  

 

‘To what extent can housing valuations of various social groups be incorporated in site 

selection of green apartments as evidences to support planning in the Chinese context?’ 

 

The next section analyzes the urban planning in the Chinese context. Thereafter, a conceptual 

framework is proposed, followed by an elaboration of the applications of evidence-based 

planning methodology in case studies. Finally, the conclusions are drawn. 

 

 

2 Urban planning in the Chinese context 

 

Urban redevelopment 

 

Since 1978, with a series of reforms initiated by the Chinese government, urban development 

interests have been aroused (Shin, 2009). During the reforms, urbanization is characterized as 

massive influx of rural migrants (Fan, 2002). Research has shown that place of employment, 

housing rent and the availability of housing affect housing choices of migrants (Ma, 2004). A 

new development is the involvement of the local government in providing housing to 

migrants for profit in vacant buildings or by constructing new and large housing compounds 

(Wu, 2002).  

 

Municipalities take the economic reforms and rapid urbanization as opportunities to re-shape 

the city at larger scale (Liu, 2009). These municipalities divide land uses from mixed-uses 

into clearer functions (e.g. residential, commercial, and industrial lands). The urban spatial 

structure has changed mainly because of the marketization of urban land, the shift of 

industrial land to tertiary use, urban transportation improvement, etc (Ma, 2004). These cities 

are undergoing a profound land use shift from industrial to commercial as a consequence of 

post-reform de-industrialization of socialist enterprises (Ma, 2004). Old, deficit-making and 

polluting urban factories are either closed down or forced to move out to the suburbs (Zhou & 
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Ma, 2000). The heavy industries exert negative effects in these surrounding areas due to the 

air pollution (Wang, 2003). 

 

The urban policies also have impacts on the quality of living of various social groups. Many 

cities have relocated heavily polluting industries to areas where many poor migrants live, and 

the polluted water and air in these areas have a negative effect on their health. Poverty can 

create and accelerate the emergence of many environmental problems and at the same time, 

environmental problems can broaden and deepen the impacts of poverty (Hald, 2009). The 

houses in which migrants live often lack amenities and are of low quality (Wang, 2003). With 

urban housing prices skyrocketing, housing affordability has become an issue for middle and 

low income households. The market value of residential housing varies greatly between 

different income-groups, about a 400 per cent difference between the richest and poorest 10 

per cent of urban households (Man et al., 2011). 

 

Green construction 

 

China accounts for half of all new buildings in the world, and housing space constitutes 

approximately 80% of the production (Fernández, 2007). In its 11
th

 Five-Year Plan (2006), 

the Chinese government adopted energy efficiency of buildings as a strategy to reduce energy 

consumption. However, few green buildings have been constructed so far in practice. To 

confront this situation, the Ministries of Finance and of Housing and Urban-Rural 

Development enacted new policies (2012) with financial incentives for developing residential 

real estate that meets enhanced standards of energy performance. The maximum subsidy is 

close to 0.5% of the total building costs per square meter. The aim is to make green buildings 

account for at least 30% of newly built dwellings by 2020. Whether this goal will be achieved, 

depends on a feasible green policy and substantial consumer demands. As Yau (2012) 

pointed, ‘the states often use legislation or offer subsidies to motivate developers to build 

green; however, market forces can lead to green housing provision without any state 

intervention’. 

 

In the construction of green apartments, quality improvements may spur gentrification and 

the displacement of poor residents (Curran & Hamilton, 2012). At present, green apartment 

buildings are mainly built in urban areas with a good location in terms of accessibility and 

neighbourhood quality. The high price of green apartments is a symbol of luxury for the 

upper-middle class.  

 

Planning practice 

 

China’s planning is influenced by various administrative levels. According to Liu and 

Salzberg (2012) the central government establishes broad national policies and targets and 

reviews and approves urban master plans for major cities, mega-investment projects, and 

applications for rural-to-urban land conversion; while the local governments (municipalities) 

are responsible to make master plans for the local economy and employment, as well as the 

provision and management of municipal services. 

 

The fast spatial changes at the local level have made it difficult for the central government to 

guide and control the master plans, since the approval process usually takes many years, by 

which time it might be already out of date (Liu & Salzberg, 2012). For instance, urbanization 

has occurred so rapidly that the actual urban population often exceeds the planned population 

target for the entire time frame of the master plan, usually 20 years (Liu & Salzberg, 2012). 



 

5 of 21 

  
 

Though the master plans set a 5-year implementation plan to provide for flexibility, it cannot 

ensure policy makers taking into consideration the long-term interests of urban residents. It is 

increasingly criticized that short-term economic growth is often given priority over long-term 

environmental sustainability by the local governments (Wang, 2003).  

 

In theory, the performance of the local governments can not only be supervised by higher 

level authorities, but also by the local People’s Congresses. The members from People’s 

Congresses represent various defined groups of society and are vested with great lawmaking 

powers. They are supposed to represent the long-term interests of urban residents. The 

People’s Congresses in many cities are increasingly fulfilling a supervisory role by checking 

the actions of the municipal government against plans; however, they have neither sufficient 

technical capacity nor sufficient representation from all stakeholders to intervene (Liu & 

Salzberg, 2012).  

 

Besides, planning making in China often lacks sufficient integration between land use 

planning and transportation planning (Liu & Salzberg, 2012). The land-use planning is 

mainly characterised by property-led process in the last decade (Yang & Chang, 2007). The 

local governments and the market are tangled in planning process. The inflated property price 

increases the land value, which in turn stimulate local governments plan and lease more lands 

for property uses (Liu & Salzberg, 2012). Urban planning institutions are often under the 

pressure of powerful developers or higher administrative authorities to change development 

plans to make benefits for themselves respectively (Ma, 2004). A rational land-use planning 

would ideally allow for higher density development near transit nodes, which makes the land 

market to capture the benefit of reduced travel times. This is not yet generally the case in 

China, although some cities are beginning to move towards this direction (Liu & Salzberg, 

2012). A better approach is needed to assist planners to systematically integrate the two kinds 

of planning.  

 

Participation of residents in planning  

 

Quite recently, the planning process has increasingly been opened up for inquiry and 

monitoring of the general public. In the City and Country Planning Law (2008), Chinese 

government legalized public participation in planning process. However, citizens’ 

participation is usually limited. They are informed via the planning publicity after a plan has 

been prepared. The voice of citizens in planning is still weak. When looking at Arnstein’s 

ladder about citizen participation, Chinese public participation in planning is in the phrase of 

top-down informing (Arnstein, 1969). In interviews with planners, many pointed out ‘there 

are no certain tools to help us in understanding and using people’s voices; sometimes we did 

surveys to know the perceptions of residents before making a plan; however, these projects 

were very specific and at small scale, they were not representative and difficult to be applied 

for the whole city or other cities’.  

 

Besides, there is also no existing procedure in urban planning for expert witness testimony 

over issues relating to the public interest. Increased transparency will not only help safeguard 

the interests of society, but also prevent uncontrolled rent-seeking behaviour that frequently 

occurs in urban land use and real estate markets with undesirable consequences such as over 

speculation and wasted resources (Liu & Salzberg, 2012).  

 

Planning support systems in China 
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In China, as far as we know, there are no operational PSS to help citizen express their 

perceptions and valuations yet. Some planning management information systems were 

designed and applied for planners. They are only spatial analysis models. For example, 

GeoStar (based on GIS techniques) integrates spatial information input, map edit, spatial 

analysis and other models altogether to assist to realize intelligent planning (Xie et al., 2004). 

The digital report system of Nanjing (based on AutoCAD) is constructed for examination and 

approval of planning (Xu et al., 2006). GeoUP combined GeoStar and AutoCAD into one 

system, realizing data conversion between them (Ye, 2008).  

 

To sum up, in the transition from a state-led to a market-driven society, urban planning is 

influenced by both market force and government administration. The planning process lacks 

comprehensive integration of land use and transportation planning, and has loose 

implementation practice. The voice of residents is hardly integrated into planning process. In 

the complex context, planning needs to create values for both end-users (residents) and 

investors (governments and developers) to achieve the long-term sustainable urban 

development. Planners and policy makers need to understand preferences of residents on 

quality of life and to be aware of the outcomes of planning intervention. The conceptual 

framework in the next section will comprise the planning support methodology planners can 

use to achieve these goals. 

 

 

3 Conceptual framework 

 

We propose an evidence-based planning support methodology to assist urban planning 

process. This methodology aims at simulating different planning scenarios and using ‘What If’ 

analysis. To be specific, it can integrate residents’ preferences into different planning 

scenarios by using valuation models. Decisions can be made by multiple stakeholders based 

on the outcomes of various scenarios.  

 

Our conceptual framework can be divided into five parts: defining planning goals, collecting 

and analyzing basic evidences to create residents’ valuation database, simulating planning 

scenarios, ‘What If’ analysis, and decision making. This framework takes Chinese planning 

context into account and can be mainstreamed in many Chinese cities. 

 

The current urban planning in China is influenced by both market force and government 

administration, and it should meet the residential demands of various social groups. The 

evidences can be used in this methodology are residents’ housing valuations. Therefore, we 

define the goals in this methodology as integrate residents’ preferences into sustainable 

planning, providing green apartments for various social groups, and site selection of green 

apartments. These goals guide planners heading towards win-win situation for urban 

development by creating values for both end-users (various social groups) and investors 

(governments and developers). 

 

The basic evidences we can collect consist of housing transaction data at individual level, 

housing stated choices at individual level, demographic characteristics of various social 

groups, urban land use which can be detailed into the residential blocks, transportation 

network including public transportation network and road network. To analyze housing 

valuation of residents, hedonic price models and conjoint models can be adopted. Hedonic 

price models (HPM) decompose the price into separate components (Goodman, 1978). House 

price formation is generally explained by indicators from three broad categories: dwelling 
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attributes, accessibility, and neighbourhood quality. The attributes selected in each category 

vary according to the local urban context. Conjoint models (CM) or stated preference 

methods are used to estimate the willingness to pay for a bundle of housing attributes (Wang 

& Li, 2004). HPM is a revealed preference model indicating how residents purchase houses 

in reality while CM is a stated preference model indicating how residents subjectively value 

housing environment. Based on these valuation models, we construct the database of 

valuations of various social groups, including data of housing preferences, housing 

affordability, and willingness to pay for green apartments. 

 

The planning scenarios are determined by the local urban development strategies. Usually, 

these strategies are land use policies or infrastructure improvements which can influence land 

lease market, housing market, and quality of life of residents.  

 

Next step, ‘What If’ analysis can be used based on the scenarios and residents’ valuation 

database. The ‘What If’ analysis can provide planners and policy makers with insights into 

the interaction between residents’ housing value system and urban policy change. These 

insights help planners and policy makers to compare the pros and cons of different site 

selection plans. 

 

Given the intervention during planning process by other stakeholders, we suggest that 

different stakeholders comprise a planning committee to reach a decision (Arentze et al., 

2010). It has been argued that ‘What If’ analysis offers added value in particular in the 

systems where plan development is an outcome of a group planning process involving 

planners, the local community, and other possible stakeholders (An et al., 2005). The 

planning committee fitting the Chinese planning context can be comprised by planners, 

policy makers, developers, representatives from land bureau, representatives from 

transportation bureau, and representatives from the local Peoples’ Congress. 
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Fig.1 Conceptual framework of evidence-based planning support methodology for site selection of green 

apartments  

 

 

4 Case study 

 

We use the city of Nanjing as the case study area. Nanjing is located in the Yangtze River 

Delta with the population of 8 million. After 1950, the Nanjing government has invested 

heavily to build a series of state-owned heavy industries, which converted Nanjing into an 

important industrial production centre of East China, but also caused serious air-pollution. 

The heavy industries that occupy large lots are mainly concentrated along the Yangtze River, 

but smaller ones can be found in nearly half of the neighbourhoods (Figure 2). More recently, 

the Nanjing government has made great efforts to transform from an industrial production 

centre to a regional service centre by restructuring old urban districts and creating new urban 

areas surrounding the city centre. The 12
th

 five year plan of the Nanjing government (2010) 

indicates that some heavy industries in the southern districts along the Yangtze River will be 
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relocated to the urban fringe. After the relocation, the brown fields need to be reconstructed 

to become attractive for new functions. 

 

The Yangtze River splits the built-up area into two parts. The existing two metro lines, which 

are only located in the south of Yangtze River, are crucial for rapid transportation in the city. 

Four metros line are under construction to connect the north and south. They will be finished 

in 2014.  

 

At present, the old urban area has been renewed with the introduction of cleaner land uses 

such as commercial land and most industries have been relocated to the northern part of the 

Yangtze River. Land use in the central districts is mainly allocated for commercial, 

governmental, and residential purposes. There are a few light industries. The southern 

districts are primarily residential, commercial, and light industrial with some concentration of 

heavy industrial activities. The northern districts are mainly residential and heavy industrial 

areas, with several concentrated commercial areas. The three identified areas are 

differentiated not just in land use but also in other aspects.  Since jobs and metro lines are 

concentrated in the city centre, apartments there have much better accessibility to jobs and 

public transport as compared to the newly-developed surrounding districts. In the southern 

districts, accessibility is relatively better than in the northern districts. The city centre has 

fully fledged services compared to the newly built districts. For instance, good schools are 

not evenly distributed over the city and the very good schools are located in the city centre 

only. Air quality varies as well within the city with heavier air pollution in the northern 

districts. These differences have affected house prices: the average house price in the central 

districts exceeds the surrounding districts; houses in the southern districts are usually more 

expensive than those in the northern districts.  

 

The segmentation of housing markets influences the housing choices of the socio-economic 

groups. An increasing proportion of the lower-middle class live in the northern districts, 

while the middle and upper-middle classes concentrate in the southern and central districts. 

As the price of green apartments is high, developers only target the upper-middle class 

market, and locate green apartment buildings in the newly developed areas near the city 

centre and in the southern districts.  However, the construction of green apartment buildings 

has been rather limited, which can be explained by the low demand in the present housing 

market.  
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Fig.2 Location and land use map of the study area 

 

 

We illustrate the evidence-based planning support methodology as follows.  

 

Defining goals 

 

Given the local planning context of Nanjing, we define the goals as:  

 analyze green housing valuations of Nanjing people 

 select proper sites for green apartment buildings for various social groups 

 

Analyzing evidences and building database 

 

In this section, we use the conjoint model as an example to illustrate our methodology. The 

conjoint model assumes homebuyers choose an alternative in a choice-set which will provide 

them with the most benefits or utility. The utility function can be expressed as follows: 

  iikki xU   

where βk is the coefficient of attribute k, xik is the value of alternative i with respect to 

attribute k, and εi is an error term representing the alternative features that are not specified in 

the model and variations of taste among respondents; βkxik is part-worth utility of attribute k 

to the overall utility of alternative i. 

 

When respondents make a choice, it is assumed that they choose the alternative with the 

highest utility. Therefore, utility can be linked to the probability that an alternative will be 

chosen. It is expressed as: 




j

i

U

U

i
e

e
P  

where Pi represents the probability of choosing alternative i, and Ui is the utility of alternative 

i. 

 

To employ conjoint model in Nanjing, we need to collect data in four categories: spatial 

information, discrete housing choices, accessibility calculation, and neighbourhood quality 

(Table 1).  

 
Table 1 Data collection for conjoint models 

Data  Description 

SPATIAL INFORMATION  

Land use map -- 

House price of residential land use At residential block level 

Neighbourhood division map -- 

School district map -- 

Public transportation map Bus tops, bus lines, metro stops, metro lines 

Urban/Southern/Northern districts division -- 

DISCRETE CHOICES  

Choice-sets of housing attributes  Five categories: house price, physical quality of the 

neighbourhood, social quality of the neighbourhood, 

accessibility, and green attributes 

ACCESSIBILITY CALCULATION  

Access to metro stops Time cost to nearest metro stop (min) 

Job accessibility potential Accessibility potential score to higher education, large 

governmental institutions, and financial and business services. 
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NEIGHBOURHOOD QUALITY  

School quality -- 

Environmental pollution  -- 

Safety from crime -- 

Social status of residents -- 

Neighbours  -- 

 

Spatial information includes land use map at residential block level; neighbourhood division 

map, school district map, public transportation map with bus lines and metro lines, and 

urban/southern/northern districts division distinguishing three housing sub-markets. 

 

To investigate homebuyers’ willingness to pay for housing attributes in different market 

segments, respondents were asked to make a choice from a choice-set (Table 2). Thirteen 

attributes and their values were identified in each submarket. The thirteen attributes can be 

divided into five categories: house price, physical quality of the neighbourhood, social quality 

of the neighbourhood, accessibility, and green attributes. The green attributes selected in this 

article are those key elements that determine the green quality of a house (Rees, 1995; 

Edwards, 2006; Malmqvist, 2008; Guo et al., 2010). Selected attributes in other categories are 

those showing the impact on the willingness to pay for a conventional house as identified 

from the literature (Tse, 2002; Jiao & Liu, 2010; Jim & Chen, 2010; Liu et al., 2010). Based 

on these housing attributes, 81 choice-sets have been constructed.  

 

The conjoint surveys were conducted from September to December 2011 at 21 real estate 

sales offices spread across the three market segments in Nanjing. The respondents were 

potential homebuyers visiting the real estate sales offices at the time. Information regarding 

respondents’ demographic status, affordability, preferences on dwelling attributes (size, 

number of bedrooms, number of bathrooms, floor level) and hypothetical housing choices 

were collected. To avoid fatigue and hence unreliable responses, respondents did not receive 

all 81 choice sets. Rather, we divided the 81 choice-sets into 9 groups with 9 randomly 

selected choice-sets in each group. Each respondent was asked to make choices within one 

group only, comprising 9 choice-sets. Respondents had to make a choice from housing in the 

central, the southern, and the northern districts, or none from each choice-set. A total of 1373 

valid surveys were collected, and each choice-set was chosen by 150 or more respondents. 

 
Table 2. An example of a choice-set  

 Attribute 
A 

(central districts) 

B 

(southern districts) 

C 

(northern districts) 

None 

of these 

House price  (6000-30000 yuan/m2) >30000 yuan/m2 
15000-20000 

yuan/m2 
6000-8000 yuan/m2 

 

Physical 

quality of the 

neighbourhood 

School quality (poor-very good) Very good Poor Good 

Environmental pollution 

(a lot-no pollution) 
Some No pollution Some 

Social quality 

of the 

neighbourhood 

Safety (poor-good) Average Average Average 

Social status of residents (low-high) Low Middle Middle 

Neighbours (do not know-friends 

and family) 

Do not know any 

neighbours 

Have some family 

and friends 

Know some 

neighbours 

Accessibility 

Accessibility to metro stop 

(10-50mins) 

10-20mins by 

public transport 

< 10mins by public 

transport 

30-40mins by 

public transport 

Accessibility to job 

(20-40mins) 

20-30mins 

by public transport 

20-30mins by 

public transport 

20-30mins by 

public transport 

Green 

attributes 

Energy and water costs (low-high) Low High High 

Construction materials (harmful-

healthy) 
Healthy Somewhat healthy Somewhat harmful 
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Thermal insulation (poor-good) Poor Good Poor 

Sound insulation (poor-good) Good Poor Below average 

Ventilation (none-good) Good Good Average 

Your choice     

 

Based on the choices of respondents, we used a conjoint model to estimate the willingness to 

pay of three social groups (lower-middle, middle, and upper-middle class) in Nanjing for 

various housing attributes including the green dwelling attributes. Based on the housing 

valuations, we can select the proper sites for green apartments. The spatial level for site 

selection is at residential block level. A residential block is the smallest residential land use 

divided by paths. A neighbourhood consists of several residential blocks. 

 

We need to calculate accessibility, neighbourhood quality, and green house prices for each 

residential block. To calculate accessibility, we selected access to metro stops and job 

accessibility potential score. To measure neighbourhood quality, we included variables such 

as school quality, environmental pollution, safety from crime, social status of residents, 

having family and friends as neighbours. Since it is very difficult to get the data of safety 

from crime and social status of residents at neighbourhood level, and of having family and 

friends as neighbours at household level, we only calculate school quality and environmental 

pollution in this illustration. In the future, when we have the missing data we can further 

develop our analysis.  

 

Since affordability play a key role in their housing choices, we need to know the average 

house price for green apartments in each residential block. The house price will change in the 

two scenarios respectively, we used hedonic price model to simulate shadow price of house 

prices of conventional apartments. We then estimated the price of green apartment using the 

following equation:  

 

                     
 

Where P_Ghouse is the average price of a green apartment in one residential block (yuan/m2), 

P_house is the average price of a conventional apartment in one residential block (yuan/m2), 

P-G is the willingness to pay for green attributes, it is different in different sub-markets 

among different social groups. 

 
Table 3. Willingness to pay for green attributes in different sub-markets among different social groups (yuan/m2) 

 Urban central districts Southern districts Northern districts 

Lower-middle class 0 0 0 

Middle class 0 550 450 

Upper-middle class 2000 600 0 

 

 

Defining planning scenarios 

 

We select proper sites according to the willingness to pay of three socio-economic groups: 

lower-middle class, middle class, and upper middle class. Given urban development 

circumstance in Nanjing, we define 2 scenarios to illustrate our evidence-based planning 

methodology. 

 

Scenario 1: new metro network. There are four metro lines under construction which will 

change the existing metro network of 2 metro lines. This scenario will select proper sites for 
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green apartment buildings concerning the influences of the new metro network on the 

accessibility and land price of whole city. 

 

Scenario 2: replacing heavy industrial areas with residential neighbourhood. The Nanjing 

government plans to move some heavy industries outward. It raises the questions as how to 

develop the brownfields and how to subsidize heavy industries. This scenario will select 

proper sites for green apartment buildings concerning the environmental quality change and 

the land price change of all brown fields and their surrounding residential lands. 

 

What If analysis 

 

We conducted 2 ‘What If’ analyses based on the 2 scenarios above: 

 What will be the proper sites of green apartment buildings for different social groups 

if the four planned metro lines are constructed? 

 What will be the proper sites of green apartment buildings for different social groups 

if the heavy industrial lands are replaced by residential neighbourhood? 

 

1) What If analysis for scenario 1 

 

We evaluated the attractiveness of each residential block for green building construction 

based on the aggregated score of each block. A score was given to each level of each attribute 

according to the willingness to pay of residents (Table 4). We knew the average price of a 

green apartment in one residential block and then we could score it. The school districts could 

be used to distinguish good schools from average ones. And we marked three very good 

schools according to interviews with planners. To measure environmental pollution, we used 

distance to heavy industry. It was found that the heavy industry provided both employment 

opportunities and nuisances, its negative impact such as pollution and noise takes the leading 

position at proximate distance, and its positive effect of providing jobs gradually shows up at 

longer distance. The threshold was a time cots of 20 minutes to heavy industry. Therefore, we 

gave score 2 to blocks more than 40 minutes away from heavy industry, score 1 to blocks 

within 20 to 40 minutes to heavy industry, and score 0 to blocks within 20 minutes to heavy 

industry. Accessibility to job was measured by the aggregated accessibility potential score to 

higher education, large governmental institutions, and financial and business services. We 

gave score 2 to blocks with aggregated accessibility potential score above cut-off value of 

75%, score 1 to blocks with aggregated accessibility potential score between cut-off value of 

50% - 75%, and score 0 to blocks below 50%. 

 
Table 4. Score of housing attributes given by three social classes 

Central districts Southern districts Northern districts 

Attribute Score L M U Attribute Score L M U Attribute Score L M U 

Affordability  0 1 1 Affordability  2 3 2 Affordability  3 2 0 

House price (yuan/m2)  House price (yuan/m2) House price (yuan/m2) 

20000-25000   2 2 2 10000-15000  2 2 2 6000-8000  2 2 0 

25000-30000   1 1 1 15000-20000  1 1 1 8000-10000  1 1 0 

>30000   0 0 0 20000-25000  0 0 0 10000-15000  0 0 0 

School quality School quality School quality 

Very good  2 2 2 Very good  2 2 2 Very good  2 2 0 

Good  2 1 1 Good  1 1 1 Good  2 2 0 

Average  2 0 0 Average  0 0 0 Average  2 2 0 

Environmental pollution Environmental pollution Environmental pollution 
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No pollution  2 2 2 No pollution  2 2 2 No pollution  2 2 0 

Some  2 2 1 Some  0 0 1 Some  1 0 0 

A lot  2 2 0 A lot  0 0 0 A lot  0 0 0 

Accessibility to metro stop Accessibility to metro stop Accessibility to metro stop 

< 1km  0 2 2 < 1km  2 2 2 3-4km  2 2 0 

1-2km  1 2 2 1-2km  2 1 2 4-5km  1 2 0 

2-3km  2 2 2 2-3km  2 0 2 > 5km  0 2 0 

Accessibility to job (by public transport) Accessibility to job (by public transport) Accessibility to job (by public transport) 

< 20 mins  2 1 1 20-30 mins  2 2 2 20-30 mins  2 2 0 

20-30 mins  2 1 2 30-40 mins  2 2 1 30-40 mins  1 1 0 

30-40 mins  2 0 0 >40 mins  2 2 0 >40 mins  0 0 0 

Score L, M, U mean lower-middle, middle, upper-middle class respectively 

 

 
Fig.3 Score of lower-middle class in scenario 1                  Fig.4 Score of middle class in scenario 1 
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Fig.5 Score of upper-middle class in scenario 1              Fig.6 Total score in scenario 1 

 

Figure 3-5 show that people’s housing choice is determined by green apartment price, the 

level of pollution and acceptable accessibility to services and jobs. Relatively clean air as 

well as acceptable job accessibility is important to the lower-middle class. The new metro 

lines can improve the accessibility condition of northern districts. Although heavy industries 

are mainly located in northern districts, green apartments along metro lines in northern 

districts are attractive to the lower-middle class. They can also buy a really small apartment 

in the central districts. In the central districts, they care about air pollution and would choose 

to live areas with low price and less air pollution. In the southern districts, areas far away 

from city centre with low price are attractive to the lower-middle class, particularly 

apartments along metro lines with higher score. In contrast, the middle class is willing to pay 

for much better living conditions in the southern districts. They demand a higher quality of 

living and are prepared to pay for unpolluted air and easy accessibility. Since they have 

higher standards of air quality, they would be attracted by areas far away from heavy industry 

and with relatively lower price and relatively higher accessibility. The upper-middle class 

prefer to live in the southern districts or in the central districts but not in the northern parts of 

the city. The areas far away from heavy industry and close to metro lines are most attractive 

to them. 

 

Figure 6 shows that if Nanjing government plan to build mixed green neighbourhoods for the 

three social groups, the most attractive areas are in the southern districts. The choices for site 

selection are slim. These potential areas are far away from city centre and along metro lines.  

 

2) What If analysis for scenario 2 
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In scenarios 2, these will be no heavy industrial land use in urban areas of Nanjing. Therefore, 

the environmental pollution of heavy industry should be removed from the score system. We 

can still adopt the same methodology we used in What If analysis for scenario 1 by excluding 

the variable of heavy industry. 

  
Fig.7 Score of middle-middle class in scenario 2        Fig.8 Score of middle class in scenario 2 

  
Fig.9  Score of upper-middle class in scenario 2           Fig.10  Total score in scenario 2 
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Figure 7-9 show that after redeveloping heavy industrial areas, there are more potential sites 

for green apartments. Due to affordable house prices, green apartments along metro lines in 

northern districts are still the most attractive sites to the lower-middle class. They can also 

consider some areas in the southern districts. These areas are far away from city centre and 

are along metro lines. The middle class would live in areas along metro lines in the northern 

districts and the southern districts. The upper-middle class prefer to live in the southern 

districts but these areas are close to city centre. Some areas along metro lines in the central 

districts are also attractive to the upper-middle class. Figure 10 shows that if Nanjing 

government plan to build mixed green neighbourhoods for the three social groups, the most 

attractive areas are in the southern districts but close to the city centre.  

 

Decision making 

 

With the What If analysis, the planning committee can understand the potential outcomes of 

urban policies such as new metro construction and heavy industrial land redevelopment. 

After negotiation and comparison, they can make a decision about site selection of green 

apartments to meet the requirements of both end-users (various social groups), planners, 

policy makers, and developers. 

 

 

5 Conclusions and discussion 

 

This article proposes an evidence-based planning methodology to response to the challenge 

faced by Chinese planners of developing sustainable cities. It contributes to integrate people’s 

housing preferences into planning process. By using the evidences such as the valuations of 

residents, planners and policy makers can better select the sites for green apartments. Since 

air pollution is everyone’s concern, people are very willing to pay to live in an unpolluted 

neighbourhood. Green apartment buildings are only attractive when they can locate in a good 

neighbourhood which offers good accessibility. 

 

We proposed our conceptual framework with five parts: defining planning goals, collecting 

and analyzing basic evidences to create residents’ valuation database, simulating planning 

scenarios, ‘What If’ analysis, and decision making. Then we applied the conceptual 

framework in green construction in Nanjing. The results of 2 planning scenarios show the 

newly constructed metro lines will improve accessibility of northern districts and provide 

green housing choices for lower-middle class; it will be helpful for mainstreaming green 

apartments if the present policy of the Nanjing government to redevelop old sites of heavy 

industry is pushed forward.  

 

Since this methodology is based on general valuation models and Chinese planning context, it 

can be generalized to other Chinese cities, particularly big cities facing redevelopment 

problems in transition from industrial to post-industrial society. Given that each city has its 

local market characteristics, the market division and variable choosing in the valuation 

models could be changed. For instance, Nanjing is split by the Yangtze River which is a 

reason of housing market differentiation. Other cities such as Shenzhen which does not have 

similar geographical characteristics might have different market pattern. Nevertheless, the 

main principles and measures can be generalized. 
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