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Abstract. Purpose – The purpose of this paper is to examine determinants of housing affordability in 

Beijing and explore how housing affordability will influence business development, with a special focus 

on startups and skill-intensive firms. Empirical research is based on Beijing grid-cell level data from 

2012-2014. Methodology – This paper firstly applies econometrics modeling techniques including OLS 

model, Logit model, panel regression and negative binominal model to test determinants of housing 

affordability and its impact on business development. Additionally, we also employ machine learning 

methods such as k-means clustering to classify grid cells of Beijing metro area based on some 

social-economic characteristics.  

1. Introduction 

Since the start of 21
st
 century, cities in China began to develop in a rapid pace. Beijing, as the capital city of 

China, experienced enormous changes and development in various aspects. Since Beijing became the host of 

2008 summer Olympics game, the city government has invested billions of capitals in the construction of 

stadiums, transportation system and infrastructure. People in less developed cities saw opportunities in this 

vast investment. Job opportunities and holistic city planning attracted massive internal migrants. There were 

mainly two types of internal migration: rural-urban migration and city-city migration. Rural migrants moved 

into cities in seek of higher wages and better working conditions, but their lack of skills limited them as 

workers in low value-added industries. Meanwhile, city-city migrants moved to large cities and worked as 

white-collar and small entrepreneurs for better career development. In 2008, the number of internal migrants 

peaked at nearly 5 million [1]. The influx of people leads to thriving economy, but also problems such as 

heated housing market and congested traffic conditions. 

While massive immigration and rapid urban infrastructure development boosted the economic 

growth of Beijing, they also result in the deterioration of housing affordability and serious traffic 

congestion, which undermine the potential of sustainable development in Beijing. Beijing’s housing 

market entered a new era in 1998 [2]. Housing affordability is commonly used to describe the 

difficulties related to housing issues [3].  From 1949 to 1998, China has a welfare housing scheme, in 

which government provides houses to people based on their lengths of service, family sizes and income 

levels with low rents. Hence, people did not have any financial burden for obtaining houses. However, 

this scheme was stopped in July 1998 to stimulate the development of market-derived housing market 

and economic growth. By that time, houses became goods that people spent money to purchase from 

real estate developers. From 2001 to 2004, housing prices were constant around 4700 RMB/m
2 
as the 

industry was at its infant stage [4]. Government’s reform of land policies and people’s expanding 

demands for houses then encouraged development of the market. 2004-2007 was the period when 

Beijing’s housing prices increased drastically by 124% [5]. Rapid economic development and 

increasing housing demand are major drivers of price. Also, the manipulation from real estate 

developers and the government’s land-financing strategy accelerated the process. After that, Beijing 

city government announced and implemented strict regulations to cool down the housing market. 

However, prices consistently rose and arrived at 40592 RMB/m
2
 in 2014. 

Citizens could hardly afford the extortionate prices of buying an apartment. Immigrants also faced 

the policy restriction of hukou (registered permanent residence), which made them ineligible to 
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purchase housing and turned to rental markets. However, there was limited rental housing supply. 

More seriously, many of them were located in urban villages, causing immigrants to face job-housing 

imbalance as they worked in cities and lived in suburbs. The unideal conditions of houses also worsen 

the living standards of tenants. 

Rental market grew significantly when online agencies occurred. In the past, house owners spread 

the information through agent companies in their districts. Tenants could only access the information 

when they saw the post of housing information. Yet, with the appearance of online agents, 

information became more accessible and rental turnover rate increased. Nonetheless, certain agents 

deliberately controlled the supply of available rental housing to raise the prices. Due to the shortage 

of rental housing units, group renting emerged at that time. For people working in low-paid jobs, 

renting a house wholly was still a huge drain on their limited income. 

On the other hand, Beijing’s public transit system became more mature and advanced in the past 

decade. In preparation for the 2008 Olympics, Beijing invested over 63 billion RMB in operating line 

No.5 and No.13. Moreover, commuting time was shortened as more metro lines were put into 

operation, and thus, increasing productivity of the labor force. Passengers then only need one card to 

use all public transportation tools in the city. The advancement in technology again enhanced the 

conveniences of using public transit. In spite of this, Beijing’s metro system is not spatially evenly 

distributed. For instance, the current metro lines rarely connect Yanqing County with the rest areas of 

Beijing. Consequently, people living in Yanqing County can barely enjoy the benefits of public 

transit. Through 2008 to 2015, Beijing opened 7 new subway lines (No. 4,15,9,8,6,10,14), aiming at 

reducing congestion in ground traffic and shortening commuting time for citizens. There were 

policies to push the use of public transit system as well. For example, employees in state-owned 

enterprises could submit an expense account to the treasurer's office and get their money spent on 

public transit back. 

Housing affordability has been a popular global topic in the 21st century as it influences talents 

flow, division of urban social stratum, city inclusiveness and future growth potential. Beijing now 

encourages formation of start-up businesses and emerging industries, but the sky-rise prices terrified 

young people with no financial reserves. Instead, they move to smaller cities, where resources are 

more accessible and affordable. In long term, Beijing may lack progressive talents and face 

stagnation in social and economic development. 

2. Background 

2.1 Social-economic Background 

As the housing market was in the planned to market transition, Beijing government carried out a 

series of policies on the integration of land resources. The first action was to clear out the dilapidated 

houses in the urban areas that were built in the 1960s, so more land could be sold to real estate 

developers through government auction for the construction of new housing. This leads to forcible 

movement of residents in those houses. Most of them were low-end population, who could hardly 

afford purchasing an apartment in the city. Thus, they moved to suburb areas. The population 

structure of the inner city then shifted to be more educated and financially capable economically 

actives. The integration of land resources helped Beijing to form a more orderly city, but it would 

reduce affordable rental housing supply (result in the soar of housing price) in the future because the 

control was in real estate developers’ hands. 

To tackle this issue, Beijing launched public rental housing program in 2012 [6]. At first, it was 

known as the public rental housing and economic housing program to provide affordable rental 

housing to citizens. However, the limitations of this program outweighed its benefits: the supply was 

limited; location of the houses were in periurban areas, which was unideal for employees working in 

inner city; most importantly, only local citizens or people working in Beijing for many years were 

qualified to apply for public rental housing program. Therefore, this program did not provide 

effective solutions to satisfy the large rental housing demand. Young immigrants with no access to 

those public rental housing and also cannot afford the expansive housing in utban area had to live in 
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suburb areas and suffer from the long commute time, or turn to group rent with other people. Later, 

both Beijing city government and private developers developed some affordable rental housing 

projects such as youth apartments, targeting at young talents without Beijing hukou (residence cards). 

This encouraged talented people to stay and work in Beijing. Lastly, long leasing apartments were 

introduced to provide housing for people who expect to work in Beijing for a long period of time with 

a relatively affordable price. 

One major consequence of lack of affordable rental housing units is the Job-housing imbalance. In 

the urban area of Beijing, city planners chose certain districts and made economic development as 

their priorities, such as Zhaoyang and Haidian. In 2015, these two districts achieved a total GDP of 

925 billion RMB, composing 40% of the city’s overall GDP [7]. Therefore, the land use in these areas 

were prudently planned. In order to maintain the thriving economy, land was utilized for large 

companies, especially multinational companies, to build their offices. There were also office 

buildings for renting, targeting at start-up businesses or small enterprises. Therefore, no space was 

left for the construction of housing. In addition, lands in these areas were extremely expensive, even 

for real estate developers in the acquisition process. Subsequently, they moved away from urban area 

and constructed houses there. Then all the available housing was far away from office areas. Young 

people with limited financial capacity have to live in suburb areas where rental price is lower. 

Consequently, job-housing imbalance emerged. 

This resulted in intolerably and frustrating long commuting, which seriously undermines working 

efficiency. Among all metropolis in China, Beijing had the longest commuting distance: 19.2 

kilometers. More interestingly, the percentage of people who had a commuting distance within 5 

kilometers was 31.8%, whereas the percentage of people who had a commuting distance over 25 

kilometers was 17.1% and the average commuting time of 56 minutes (highest in China). This clearly 

confirms the severity of job-housing imbalance [8]. Yao and Wang’s work shows that people tend to 

commute by public transportation when distance becomes longer [9]. 

Currently, Beijing government encouraged the mass innovation and entrepreneurship. However, 

unaffordable commercial and residential space became the largest challenge for young entrepreneurs. 

Some start-ups had to leave for more affordable cities, which caused Beijing to lose great talents and 

future potential for innovation-driven economic development. 

2.2 Research Background 

It is very crucial for Beijing’s future sustainable development to have a better knowledge of spatial 

distribution of affordable housing, public amenities, and their impacts on talents and innovation. 

More specifically, we explore determinants of housing affordability in Beijing urban area. This paper 

is featured with two contributions to the literature. 

First, we test housing affordability determinants at grid-cell level, which is a very detailed 

geographical level in China. Few previous papers conduct empirical research at grid-cell level. One 

major reason is the lack of data. Additionally, we focus on rental housing market instead of the whole 

housing market. Since rental housing market is more related to welfare of immigrants, our empirical 

results can more effectively provide policy implications on how to make Beijing an inclusive city. 

After providing empirical evidence on determinants of housing affordability at grid-cell level, this 

paper further studies how it will influence business development and the prosperity of 

innovation-driven economy. This part makes a meaningful attempt to explore the social economic 

consequences of soared housing price and how entrepreneurs incorporate housing affordability in 

their business location choice, and the trade-off between it and agglomeration of business resources. 

Next, our paper uses traditional econometrics including OLS model, Logit model, panel regression 

and negative binominal model and modern machine learning method such as clustering and random 

forest tree to articulate factors influencing housing affordability. 

Then we apply machine learning method to classify grid cells within Beijing metro area into 

several categories in terms of housing affordability, public amenities richness and diversity, business 

resources, public transit accessibility. Subsequently, we compare the developments of Beijing’s 
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metro lines and innovation-driven economy to explore how geographical variation in housing 

affordability is related to spatial imbalance of innovation-driven firm agglomeration. 

3. Data Structure 

The data set used in this paper is grid-cell panel data, with 2547 grid cells in total ranging from 2012 

to 2014. The data divides Beijing metro area into 2547 grid cells. Each grid cell is sized about 1 km * 

1 km. 

Within each gird, a range of variables is collected to investigate their impacts on housing 

affordability and development of innovation-driven entrepreneurs. The distribution of some variables 

is very dispersed as each grid cell varies significantly in its level. 

We use four main indicators to measure within-city housing affordability from two dimensions: 

area and number of units, either of them recorded using two methods. The first one is the number of 

affordable housing units in a gird cell. This data gathered from 5i5j indicates the available number of 

houses that are in the market and open to tenants. The second one is area of affordable housing. The 

average rental housing area in Beijing is 69.90m2, according to 5j5i.com. A rental housing with area 

below 69.90m2 is typically considered as affordable. The data uses two methods to measure housing 

affordability. One is to use price-income ratio, which divides the income of a household by the price 

of a rental housing. A ratio below 30% is judged as affordable. The other is to use the average deflated 

rental price, which sets 2005 as the base year. A rental price below 28.87 per m2 is deemed as 

affordable. It is worth noticing that measurement of housing affordability is the dependent variable 

for the housing affordability model. Meanwhile, it is the primary independent variable in business 

development model. 

There are altogether 7641 observations of the number of affordable housing units 

(num_afford_m1) and average rental housing area (area_afford_m1). The number of affordable 

housing units has a mean of 13 units, a median of 0 unit and a range of 388. These summary statistics 

show an extremely dispersed distribution, for over 50% of the grid cells do not have any affordable 

housing units whereas one specific grid cell can have 388 affordable housing units. The average 

rental housing area has a mean of 621 m2, a median of 0 m2 and a range of 19731 m2. This variable 

also has a significantly dispersed distribution. By analyzing the two variables, it’s certain that the 

majority of affordable housing is concentrated in a small number of gird cells. We will employ some 

remedy measures to mitigate its dispersed distribution in later modeling stages. 

Below are several important independent variables that can we include in empirical models: 

1) Presence of state-owned enterprises 

This can be demonstrated by characteristics such as state-owned enterprise output (SOE_output) and 

share of state-owned enterprises’ employees of the permanent residents (SOE_emp_sh) in the grid 

cell. The former characteristic exhibits the share of output from state-owned enterprises and the latter 

one displays the percentage of permanent residents within the grid cell employed in state-owned 

enterprises. The data is gathered from the State Administration of Industry and Commerce. It is 

momentous to explore the relationship between presence of state-owned enterprises and housing 

price because state-owned enterprises positively propel an area’s economy, which in turn affects the 

value and zoning of the land. We expect that the presence of state-owned enterprises may have 

positive impact on the grid-cell level housing affordability because many SOEs have implemented 

some policies to improve their employees’ welfare. 

2) Distance to Beijing CBD area 

It measures the geographical distance from the centroid of this grid cell to Beijing CBD area. It is 

meaningful to explore the relationship between distance to urban center and housing price. We expect 

that housing affordability may diminish as the distance to CBS increases. We also put a polynomial 

function of distance to CBD (add second-order term) to explore whether the distance to CBD has a 

non-linear effect on housing affordability. 
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3) Richness and diversity of restaurants and entertainment amenities 

Richness of restaurants and entertainment amenities measures the total number of restaurants and 

entertainment amenities within a gird cell. Diversity of restaurants and entertainment amenities 

measures the amount of different cuisine types and styles of restaurants and entertainment amenities a 

grid cell contains. The measurements are made based on information obtained from dianping.com 

(the Chinese version of Yelp.com). The data records roughly 78,454 restaurants in total in the period 

of 20132014. It is evocative to explore the relationship as areas with more diverse restaurants and 

entertainment amenities can better satisfy people’s wants and improve their living standards. These 

grid cells may then have more affordable housing as real estate developers know people have a 

preference of residing here. 

4) Nightlife Density 

It measures the level of activity occurred in a grid cell in the evening, when people get off work and 

enjoy their social lives. Satellite imagery from the Visible Infrared Imaging Radiometer Suite (VIIRS) 

nighttime sensor through National Aeronautics and Space Administrations (NASA) Global Imagery 

Browse Services (GIBS) is utilized to unveil the nightlife density. Mean nighttime light intensity 

values for each grid cell is calculated from the satellite image with the BMA shapefile. These values 

are used as a proxy for economic activity at grid-cell level. It is important to explore the relationship 

because areas with high level of economic activity tend to have higher land prices, thus, causing high 

rental housing prices. 

5) Business resources: firm stock 

It measures the total number of firms registered within the grid cell. This data is acquired from the 

State Administration of Industry and Commerce. This variable measures the business development of 

this grid-cell. With more firms, the grid cell is likely to have higher GDP. This may lead to higher 

land prices and higher rental housing prices. However, grid-cells with lots of firms may be a more 

affordable area because firms may be attracted to place with lower rental price. Additionally, housing 

units near business district may be old apartments which are less popular than newly developed 

communities. Also, we construct two more specific measures for firm stock: number of 

skill-intensive firms and number of innovation-driven firms based on average education attainment 

and the extent of applications of new technology at the industry level. 

6) Number of universities and research institutions 

All the universities and research institutions in Beijing is collected to approximate human capital 

pools within the city. The Beijing Municipal Commission of Education and the Ministry of Education 

of the People’s Republic of China provide the list of universities and research institutions. The 

branches and divisions of the Chinese Academy of Sciences in Beijing are counted as the research 

institutions. This is because the R&D activity in these institutions are relevant for entrepreneurial 

activity. Larger number of universities and research institutions results in higher concentration of 

talents. Consequently, there is higher demand of rental housing.  Therefore, the housing prices will be 

higher. 

As an independent variable in the business development model, housing affordability will 

influence innovation-driven economic development. Firm-stock measures the total number of firms 

existing in a gird-cell. The number of start-up businesses measures the number of firms that operated 

in Beijing for less than five years in a grid cell. 

Grid-cell data provides an extremely detailed scope for analyzing housing affordability. However, 

grid-cells are interlinked and they influence each other. Hence, discounted measure of independent 

variables is generated to reflect such influences. This is achieved by using the travel time matrix 

calculated from Baidu API. Since we have values for each grid-cell at each variable, we use the travel 

time (minimum between subway travel time and walk time) from one grid cell to each of the all other 

grid cells to discount the value of these variables. For example, if one grid cell is recorded to have 10 

restaurants and its takes 10 minutes to travel from my grid-cell to that cell, then my grid cell can get 
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1(10/10) restaurant from this cell. This measure is basically a accessibility measure. In the final step, 

we aggregate all those discounted measures from my grid cell to all others to generate the 

“accessibility” version of variables. 

Nevertheless, there are certain limitations in the data structure. Though gird-cell level data can 

showcase variables at an extensively detailed extent, social-economic and built environment data 

such as average education level, income, household structure, age, area of green space and 

availability of public services is not available at such detailed geographical level. Census data 

collection is mainly conducted at the city and province level and we lack data at grid-cell level. 

Table 1. Summary statistics 

Variables 
Number of 

observations  
Mean value 

Standard 

deviation 

Minimum 

value 

Maximum 

value 

Number of affordable housing units within 
the grid cell by metod 1 

2547 12.79 35.29 0 388 

Number of affordable housing units within 

the grid cell by metod 3 
2547 20.67 60.76 0 669 

Area of affordable housing units within 

the grid cell by metod 1 
2547 620.59 1739.65 0 19730.6 

Area of affordable housing units within 

the grid cell by metod 3 
2547 1131.82 3347.07 0 37143.62 

Distance to CBD 2547 22.4 10.33 0.25 49.87 

Employment share from SOE sector 2547 0.38 0.32 0 0.98 

Assest share from SOE sector 2547 0.38 0.34 0 0.88 

Outputshare frome SOE sector 2547 0.35 0.33 0 0.98 

Number of startups within the grid cell 2547 14.29 36.35 0 576 

Number of innovation spaces within the 
grid cell 

2547 0.29 1.44 0 30 

Number of subways lines within the grid 

cell 
2547 0.14 0.43 0 4 

Number of research institutions within the 

grid cell 
2547 0.05 0.48 0 14 

Number of universities within the grid cell 2547 0.03 0.21 0 3 

Number of restaurants within the grid cell 2547 30.8 60.33 0 647 

Diversity of restaurants within the grid 

cell 
2547 1.03 0.89 0 2.53 

Average nightlife density within the grid 
cell 

2547 19.69 15.45 0 227.17 

4. Empirical Method 

For the empirical methodology, we firstly apply econometrics modeling to estimate grid-cell level 

housing affordability using some selected independent variables. Econometrics models included in 

this paper: OLS, Logit, fixed-effect panel regression and negative binominal regression. But 

econometrics methods heavily rely on building a structured model instead of data mining. So then we 

also apply K-means clustering to classify grid cells from these dimensions: livability, level of 

business development and prosperity of entrepreneurship and innovation, and explore relationship 

among these clustering results.  
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For econometrics modeling, we treated our data as pooled data because the time window is 

relatively short – from 2012 to 2014. This treatment is thus reasonable. Dependent variable used in 

econometrics modeling is housing affordability. Independent variables included in econometrics 

modeling are: presence of state-owned enterprises, distance to Beijing CBD area, richness and 

diversity of restaurants and entertainment amenities, nightlife density, business resources (firm stock) 

and umber of universities and research institutions. 

First, we used OLS for preliminary analysis. OLS explores the linear relationship between housing 

affordability and each independent variable so that we could have a rough exploration of structural 

relationship. 

Next, we used Logit model which is employed when the dependent variable is binary (0/1). Hence, 

we transformed the continuous variables (number/area of affordable housing units) into a dummy 

variable based on a cut-off value and then utilized logit (0-1/dummnization) to account for the 

dispersion and some outliers in the data. Dummy transformation results in loss of information and a 

much smaller variance of the dependent variable. 

To further mitigate the dispersion of the dependent variable and retain all variation, we used the 

negative binominal model, which is very effective at count variables, large variance and dispersed 

distribution. The model customized for the count variables (or dispersed variable) measured housing 

affordability. 

Since we have panel data, panel regression is applied to add fixed effects and control for time 

variation. We added two-way fixed effects: grid-cell fixed effect and year fixed effect. 

On the other hand, we used machine learning algorithm: k-means clustering. Instead of classifying 

grid-cells from geographical perspective, we wanted to classify grid cells within Beijing metro area 

into several clusters based on data mining of important indicators. We divided grid cells into different 

clusters based on their livability, level of business development and prosperity of entrepreneurship 

and innovation. Then we explored how these clustering results interlink with each other. 

5. Empirical Analysis and Conclusion Econometrics 

5.1 Modeling 

For all models, we first looked at its p-value to determine the significance of each independent 

variable. Here we use 0.1 significance level for p-value criteria. More specifically, determining 

whether the variable has significant effects (the regression coefficient is significantly different from 0) 

on the outcome variable depends on its whether the p-value of its coefficient is below 0.1. For 

independent variables with significant effect, we evaluate the degree of influence based on the effect 

size of its coefficient. The larger the significant coefficient, the more influential this variable on the 

outcome. Additionally, the positive sign of regression coefficient indicates a positive effect and the 

negative sign implies the negative effect. 
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Fig. 1. Housing affordability model 1 

We start by using OLS model to explore determinants of grid-cell level housing affordability. In 

the OLS model for number of affordable housing units within the grid cell by method 1 (priceincome 

ratio), employment share from SOE sector has a great significance as its p-value is 0.000. It has a 

coefficient of 38.09, which showcases as employment share from SOE sector increases by 1, the 

number of affordable housing will increase by 38.09. This is because in areas with large amount 

employees employed in SOE, SOEs will try to increase employee welfare by providing them 

affordable housing. This statistical result corresponds to the theoretical implications. 

Number of research institutions and universities within the grid cell seem to have trivial effects on 

housing affordability, which is slightly out of expectation because we think that area near educational 

facilities may have more affordable housing units provided for young students. Grid cells with richer 

and more diverse restaurants also seem to be better equipped with affordable housing units. However, 

the density of night-life activities is weakly related to housing affordability. 

Meanwhile, the number of subway lines within the grid cell is the least significant factor among all 

in this model. This is potentially due to the fact that areas with more subway lines offer people greater 

convenience in commuting, thus, have a higher land price. This causes unaffordable housing. 

 

Fig. 2. Housing affordability model 2 
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Number of affordable housing units within the grid cell by method 3 (average deflated rental price) 

is also run in OLS model, but it offers different significant factors as compared to number of 

affordable housing units within the grid cell by method 1. In the previous model, nightlife density is 

insignificant, but it is significant in this model, with a positive coefficient of 0.130. The reason is that 

areas with higher nightlife density tend to have more economic and human activities, more residents 

and more livable and richer amenities. Good built-environment factors, such as green space, also aid 

to promote the rental housing price. 

Then we transform the dependent variable into a binary variable by setting a cutoff value and apply 

logit model to compare results. In the Logit model of affordable housing by method 1(income-rent 

ratio), number of restaurants within the grid cell and diversity of restaurants within the grid cell are 

significant. They both have a positive coefficient: 0.013 and 2.282, respectively. This results can be 

explained by the fact that when more types of restaurants are built, people have more choices for 

dining. This makes certain grid cells more attractive to residents. Hence, real estate developers 

constructed more affordable housing in these areas. Noticeably, we capture a non-linear effect of the 

distance to CBD on the housing affordability. Housing affordability will increase as the distance to 

CBD increases up to 10-15 kms and then decrease. The share of state-owned enterprises employees to 

in local permanent residents still has positive effects on housing affordability in logit model. Firm 

stock has a marginally significant positive effect on housing affordability. Grid cells with relatively 

rich business resources tend to have slightly more affordable housing units than other cells. Number 

of research institutions and universities remain insignificant in the logit model. 

 

Fig. 3. Housing affordability model 3 

 

Fig. 4. Housing affordability model 4 
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Then we still use the logit model but using the measurement of housing affordability defined by 

average price to test the effects from determinants. Number of firms with the business entity 

registration within the grid cell is significant. Yet, the size of its coefficient is only 0.00055, a very 

small number. The positive relationship is because as areas enter the grid cell, they bring in more 

investment. This amount of money would help the grid cell to be more advanced and descent for 

living. Therefore, more affordable housing is available. 

Next, we used fixed effect panel regression to explore determinants of number of affordable 

housing units within the grid cell by method 1 (price-income ratio). In this model, distance to CBD, 

employment share from SOE sector, output share from SOE sector, number of restaurants and 

diversity of restaurant maintain significant. However, asset share from SOE sector becomes 

insignificant as compared to OLS model. This is probably because when grid cell is fixed, there are 

fewer grid cells with high asset share from SOE sector have affordable housing. Thus, the 

significance of its impact decreases. 

 

Fig. 5. Housing affordability model 5 

 

Fig. 6. Housing affordability model 6 
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Panel regression is also applied to the number of affordable housing units within the grid cell by 

method 3 (average deflated rental price). Distance to CBD, employment share from SOE sector, 

output share from SOE sector, number of restaurants and diversity of restaurant still show strong 

significant. However, nightlife density becomes insignificant as compared to OLS model. This is 

possibly due to the fact when nightlife density is high, economic and human activities increase, which 

then result in higher land prices. This made the areas unaffordable. 

Finally, we employed negative binomial model. We first investigate the level of significance of 

different independent variable of the number of affordable housing units within the grid cell by 

method 1 (price-income ratio) and the number of affordable housing units within the grid cell by 

method 3 (average deflated rental price). 

 

Fig. 7. Housing affordability model 7 

 

Fig. 8. Housing affordability model 8 
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The majority of independent variables that showcase high level of significance in previous models 

are still highly significant, including distance to CBD, number of restaurants, diversity of restaurants 

and nightlife density. 

Moreover, we used negative binomial model to explore the determinants of number of firms with 

the business entity registration within the grid cell. The number of affordable housing units within the 

grid cell by method 3 (average deflated rental price) is a significant factor. This is because we want to 

examine the effect of housing affordability on the number of firms with the business entity 

registration within the grid cell. It is shown that the number of affordable housing units measured by 

method 3 (average deflated rental price) is strongly significant. This can be explained by the theory 

that areas with more affordable housing have higher level of economic and human activities. In 

addition, areas with more affordable housing attract more residents, which then became a potential 

source of labour force for the firms. Therefore, firms would like to locate in those areas. Moreover, 

the number of restaurants, diversity of restaurants and nightlife density are significant factors as well. 

They are all factors related to the level of economic and human activities and welfare of employees. 

 

Fig. 9. Housing affordability model 9 
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Fig. 10. Housing affordability model 10 

Finally, we used negative binomial model to explore the determinants of number of startups within 

the grid cell. The significant factors are similar to the ones for firm stock. Housing affordability leads 

to higher level of economic activities, which provides startups more opportunities to survive and 

develop. 

5.2 Machine Learning 

Additionally, we use K-means clustering to classify 2547 grid cells in Beijing into four clusters from 

three dimensions: livability, development of State-owned enterprises / overall industrial base (i.e 

“traditional economy), and prosperity of emerging economy. We conduct “livability” clustering 

based on five variables: number of restaurant amenities within the grid cell, diversity of restaurant 

amenities, number of affordable housing units measured by price-income ratio and relative price level, 

and number of subway stations within the grid cell. We measure development of traditional economy 

using total industrial assets, SOE employer share in local permanent residents, SOE total output, 

number of research institutions and universities within the grid cell, and the number of registered 

firms. We measure the condition of emerging (innovationdriven) economy using number of start-ups, 

number of innovation spaces, number of skillintensive firms, the number of innovation-driven firms 

within the grid cell. The detailed Kmeans clustering results and the characteristics of each cluster are 

listed below: 

 

Fig. 11. Number of grid cells within each “Livability” cluster, Cluster 1: 2187, Cluster 2: 25, Cluster 3: 223, Cluster 4: 112 
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Fig. 12. Number of grid cells within each “Traditional Economy” cluster, Cluster 1: 104, Cluster 2: 284, Cluster 3: 1561, 

Cluster 4: 598 

 

Fig. 13. Number of grid cells within each “Emerging Economy” cluster, Cluster 1: 2262, Cluster 2: 252, Cluster 3: 4, 

Cluster 4: 29 

From above clustering results, we find that most grid cells within Beijing metro area are featured 

with relatively good livability, as indicated by richness of amenities and stock of affordable rental 

housing units. The clustering of livability is more dispersed. In contrast, the clustering of 

development in traditional economy is more balanced and the difference in each measurement across 

clusters are relatively smaller. The clustering of prosperity of emerging economy exhibit similar 

spatial pattern with livability. Most grid cells has very limited presence of emerging or 

innovation-driven economy. But 29 grid cells achieves a good development of emerging economy. 

We then recode all cluster variables based on the level of indicators in a 4 likert-point scale (the 

higher value indicates a higher degree of livability, development of traditional economy, prosperity of 

emerging economy separately). Then we calculate the spearman correlation among these variables. 

Here, the reason for using spearman correlation coefficient is that three clustering variables are 

ordinal variables. All correlation coefficients are highly significant. Livability is weakly correlated 

with the traditional economy, with a correlation coefficient at 0.03. Also, development of traditional 

economy and emerging economy is positively correlated but the effect size of correlation coefficient 

is only 0.11. Noticeably, livability is highly correlated with the development of emerging economy. 

Such difference tells us that the emerging economy values livability more than traditional economy, 

which is a very meaningful research finding worth more empirical research. 

6. Conclusion 

This paper applies econometrics modeling and machine learning analysis to explore determinants of 

housing affordability, the development of start-ups and structural relationship among livability, 

development of traditional economy and prosperity of emerging economy based on grid-cell level 

data of Beijing. Generally, we find that distance to CBD has a non-linear effect on the housing 

affordability. SOE employee share in local permanent residents, richness and diversity of amenities 

and nightlife density significantly influence affordability. But the economic size of SOE, presence of 

universities/research institutions and subway stations show a weaker effect. K-means clustering 

results indicate that the development of emerging economy is highly positively related with the 

livability and has negligible relationship with the condition of traditional economy at the grid cell 

level. More research is required to provide more empirical evidence on this topic. 
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