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Abstract 
In recent years, China's real estate industry has experienced rapid development. The 
real estate industry is closely related to the livelihood of the people. At the same time, 
the rapid growth of the real estate industry contributes to the development of related 
industries. In order to conduct an in-depth analysis of the development of China's real 
estate industry and the factors influencing the sales of commercial housing, this study  
utilizes a panel dataset composed of 31 provinces, regions, and cities in mainland China 
from 2010 to 2022 for research and analysis, aiming to explore the influencing factors of 
the sales of commercial housing in China.  Through model selection and parameter 
estimation, as well as diagnostic tests like LM test and Hausman test, model comparisons 
were conducted. Ultimately, the fixed effects model with time effects (FE_TW) was 
selected as the model for analyzing the panel dataset of the real estate industry. It was 
concluded that regional Gross Domestic Product, the real estate development 
investment, the sales area of commercial housing and the total output value of 
construction industry significantly influence the sales of commercial housing. 

Keywords 
Real Estate Industry; Sales of Commercial Housing; Panel Data; Influencing Factors; 
Econometric Analysis.  

1. Introduction 

In recent years, China's economy has experienced rapid growth, and the real estate industry 
plays a pivotal role in the economy. The swift expansion of China's economy has provided 
strong impetus for the development of the real estate industry. Stable economic growth and the 
urbanization process have led to population mobility and urban expansion, thereby increasing 
the demand for housing and commercial real estate. Furthermore, the ongoing urbanization 
process in China, with rural populations migrating to cities, has further amplified the demand 
for housing and commercial real estate. The extensive development of urbanization projects 
and the construction of new cities have propelled the flourishing growth of the real estate 
industry. The sales of commercial housing refer to the total amount of real estate sales, 
including various types of residential and commercially used properties, in the market. This 
indicator is commonly used to measure the level of activity in the real estate market and the 
contribution of the real estate industry to the economy. Based on the fluctuations and trends in 
the sales of commercial housing, the government can formulate corresponding policies and 
measures to maintain the stable operation of the real estate market and promote sustainable 
economic development.  
This study employs panel data for research and analysis. Panel data analysis, widely used in 
econometrics, is primarily utilized to analyze datasets with both time and individual (or 
regional) dimensions. It offers several advantages over time series or cross-sectional analysis. 
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Firstly, panel data takes advantage of the temporal dimension to observe the changing trends 
of variables over time, enabling the analysis and control of time-related factors on the research 
variables. Additionally, panel data effectively controls the heterogeneity of individuals or 
regions, allowing for a more accurate estimation of the relationships between variables. 
Furthermore, panel data analysis enhances estimation efficiency and reduces the variance of 
parameter estimates. By combining information from both the time and individual dimensions, 
a more comprehensive analysis of the data is conducted, resulting in more precise and robust 
estimation results.  
Many scholars have utilized panel data analysis to examine real-world issues, yielding accurate 
and precise conclusions, and proposing rational policy recommendations. For instance, Wu 
Qiutong [1] established a panel model to analyze the relationship between environmental 
pollution levels and economic development in Nanjing over the past 30 years. The study found 
a significant correlation between per capita GDP in Nanjing and the emissions of industrial 
gases and solid waste. Xia Jiechang and Liu Ruiyi [2] employed a panel autoregressive model to 
analyze the interactive relationship between digital economy, green development, and 
resource allocation in the tourism industry. The findings suggest that the digital economy 
effectively improves capital allocation in tourism, and labor force allocation will optimize green 
development in the short term. Fan Jinhong [3] utilized panel data from 11 provinces and cities 
in the Yangtze River Economic Belt for the years 2007-2020 to analyze the relationship 
between environmental regulation, technological innovation, and regional economic growth. 
The study concluded that environmental regulation, technological innovation, and economic 
growth all have positive spillover effects. Hua Shizhen [4] conducted an analysis based on panel 
data from nine provinces and regions in the Yellow River Basin for the years 2009-2020, 
examining the relationship between green finance and the ecological economy of the Yellow 
River Basin. The results demonstrate that green finance significantly contributes to the 
development of the ecological economy in the Yellow River Basin. 
Furthermore, there exists a wealth of relevant research literature on the real estate industry, 
with many scholars employing various methods to analyze the influencing factors of housing 
prices in depth. For example, Shen Guoyun [5] analyzed the main influencing factors of 
residential prices in Xining from three aspects: supply, demand, and macroeconomics. The 
study concluded that land prices, construction costs, and investment in real estate have the 
most significant impact on housing prices. Hu Jianhua [6] utilized panel models to analyze 
China's real estate prices and related factors from 2008 to 2016, finding that factors such as the 
scale of real estate development loans and per capita disposable income have a significant 
impact. Wu Jiamu [7] used average commodity housing prices in Shanghai from 2003 to 2017 
and established a linear regression model, ultimately concluding that factors such as residents' 
savings significantly influence housing prices. Xu Lu [8] established a multiple regression model 
to explore the factors affecting changes in the national average housing price. The results 
indicate that factors such as per capita disposable income and the sales area of national 
commodity housing have a significant impact on housing prices. 
The following structure of the paper is arranged as follows: Section Two introduces the selected 
variables, dataset, and data sources; Section Three specifically delves into panel data analysis. 
By comparing mixed regression, fixed effects models, and random effects models, an analysis is 
conducted, and the Hausman test is employed to select the most suitable model;  Section Four 
presents the research conclusions of this paper along with corresponding policy 
recommendations. 
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2. Data and Variable Description 

All data used in this article were sourced from the official website of the National Bureau of 
Statistics of China. The panel dataset used in the analysis covers a time span from 2010 to 2022, 
spanning 13 years, and includes data from 31 provinces and cities in China. The dataset 
comprises five explanatory variables, namely regional Gross Domestic Product (GDP), real 
estate development investment (invest), sales area of commercial housing (area), general 
budget expenditure of local finance (Expenditure), and total output value of construction 
industry (construction). The dependent variable is commercial property sales (sales). All 
variables are continuous. In addition, Year is set as the time variable, representing the time span 
from 2010 to 2022, while Province is used as the panel variable, indicating the specific serial 
numbers of each of the 31 provinces and cities. The dataset contains a total of 403 observations. 
To begin with, a variable definition table is constructed to gain an overview of all variables in 
the dataset, as shown in Table 1. 
 

Table 1. Variable definition table 

Variable Type 
Variable 

Name 
Data Description Unit 

Dependent sales Sales of commercial housing Hundred Million Yuan 

Explanatory 

GDP Regional Gross Domestic Product Hundred Million Yuan 

invest Real estate development investment Hundred Million Yuan 

area Sales area of commercial housing Ten Thousand Square Meters 

expenditure General budget expenditure of local finance Hundred Million Yuan 

construction Total output value of construction industry Hundred Million Yuan 

Other 
Year Time variable / 

Province Panel variable / 

 

 
Figure 1. Time trend chart of sales in different provinces 
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Next, a time trend plot for the dependent variable "sales" across the 31 provinces and regions 
in China will be generated, as shown in Figure 1. From Figure 1, it can be observed that the time 
trends of sales for different provinces and regions in China are not entirely consistent. Some 
provinces and regions remain relatively stable, on the other hand, some provinces and regions 
show an upward trend. Therefore, to some extent, the inter-provincial differences in sales can 
assist in estimating the influencing factors of sales. 
For panel data with relatively long time series, it is necessary to conduct a unit root test before 
regression to avoid potential issues of spurious regression. If the unit root test indicates the 
presence of a unit root, it implies that the time series is non-stationary. Modeling with non-
stationary time series may lead to incorrect statistical results. Although the panel data in this 
study has n=31 and T=13, making it a short panel model, a panel unit root test will still be 
conducted for precaution. The following Fisher test will be performed. The Fisher-type unit root 
test is a commonly used method for unit root testing in panel data. It combines unit root test 
statistics for individual sequences to obtain a unit root test statistic for the panel sequence. The 
null hypothesis of this test is that there exists a unit root in the sequences of the panel data, 
indicating non-stationarity. The results of the Fisher test are shown in Figure 2. 
 

 
Figure 2. Fisher test result 

 
According to the test results in Figure 2, it can be observed that the p-values for the inverse chi-
square, inverse normal, inverse logit, and modified inverse chi-square statistics are all very 
small, indicating significance at the 0.01 level. Therefore, we reject the null hypothesis and 
conclude that the sequences in the panel data are stationary. To further delve into the panel 
dataset, we will proceed with the modeling analysis. 

3. Panel Data Modeling Analysis 

3.1. Mixed Regression  
As a reference for panel data modeling, a mixed regression should be conducted first. The 
results of the mixed regression using ordinary standard errors are presented in Figure 3. From 
the results, it can be observed that the coefficient of determination, R², is quite high at 0.9351, 
indicating a good fit. Regarding the parameter estimates, it can be deduced that, at the 5% 
significance level, except for the coefficient of expenditure and construction which has a large 
p-value and is not statistically significant, all other variables significantly impact the sales of 
residential properties.  
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Figure 3. Mixed regression results (standard error) 

 
Next, a mixed regression is conducted again using robust standard errors. The results are 
shown in Figure 4. By comparison, it is found that ordinary standard errors are only about half 
the size of robust standard errors. Additionally, due to the likely presence of serial correlation 
in the disturbances within a province or municipality across different periods, the assumption 
of independent and identically distributed disturbances underlying ordinary standard errors 
may lead to inaccurate estimates. Therefore, employing robust standard errors for estimating 
the mixed regression model is more suitable. The goodness-of-fit, as indicated by the R² value 
of 0.9351, remains high, suggesting a satisfactory fit. 
 

 
Figure 4. Mixed regression result (robust standard error) 

3.2. Fixed Effects Model  
Next, specific estimation results for the Fixed Effects Model are considered to address the 
omitted variables that do not vary with time. Initial estimates are made using within-group 
estimators, and robust standard errors are employed in the estimation process. The results are 
shown in Figure 5. 
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Figure 5. In-group estimator 

 
The results in Figure 5 indicate that the constant term "cons" represents the average value of 
all individual effects. The notation 'rho=0.926' signifies that the variance of the composite 
disturbance term mainly stems from the variation of individual effects. It can be observed that 
the model passes the F-test. Additionally, at the 5% significance level, all variables are 
statistically significant.  As an example, in the case of "area," holding other conditions constant, 
for every ten thousand square meters increase in the sales area of commercial housing, the 
average sales increases by 0.6606 hundred million yuan. The economic interpretations of the 
other explanatory variables are similar. 
To further investigate whether to use a Mixed Effects Model or Fixed Effects Model, an F-test is 
performed using Stata software. The null hypothesis is "all ui equal to 0," which translates to 
"cannot reject the use of Mixed Effects Regression." The results of this test are presented in 
Figure 6. 
 

 
Figure 6. Feasibility test of fixed effect model 
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From the results in Figure 6, it is evident that the p-value of the F-test is extremely small. 
Therefore, we reject the null hypothesis, suggesting that the Fixed Effects (FE) model is 
superior to the Mixed Effects Regression. Thus, it is advisable to allow each individual to have 
their own intercept. However, as robust standard errors were not used in the analysis, further 
examination through the Least Squares Dummy Variable (LSDV) method is necessary. The 
LSDV method introduces individual fixed effects by incorporating specific effects of each 
individual as dummy variables into the regression model. This helps control for heterogeneity 
among individuals. These dummy variables can capture individual-specific influences, aiding in 
the explanation of inter-individual differences. Therefore, the LSDV method can control for 
individual heterogeneity and allow for the interpretation of individual fixed effects on the 
results. It is suitable for panel data where unobservable characteristics or individual-specific 
influences exist among individuals. The results of the LSDV analysis are presented in Figure 7. 
 

 
Figure 7. LSDV analysis results 

 
From the results in Figure 7, it is evident that the p-values of most individual dummy variables 
are extremely small, indicating significance at the 5% level. Hence, we can reject the null 
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hypothesis that all individual dummy variables are equal to zero. This implies the presence of 
individual effects, and the use of mixed effects regression should be avoided. 
In the analysis of the Fixed Effects (FE) model, considering time effects by utilizing two-way 
fixed effects for research can be beneficial. Now, year-specific dummy variables are defined for 
analysis. The "cum" in the dummy variables indicates the cumulative years represented by the 
variable. Cumulative year dummy variables can be used to analyze time trends with cumulative 
effects, such as studying the accumulated impact of a variable over the past few years. This 
approach helps control for long-term trends and cumulative effects on the time dimension, 
enabling a more accurate interpretation and prediction of changes in panel data. 
Figure 8 presents the results of the Fixed Effects (FE) model considering time effects. The base 
year is set as 2010 and is therefore not included in the regression results. In Figure 8, it is 
observed that the coefficients for the time effects "Year" are all negative, and most yearly 
dummy variables are significant at the 5% level. With the exception of the expenditure, the 
coefficients of the other explanatory variables are significant at the 5% significance level. 
 

 
Figure 8. Fixed effect model considering time effect 

 
The joint significance test for all yearly dummy variables is conducted next, and the results are 
presented in Figure 9. The results from Figure 9 indicate an extremely small p-value, rejecting 
the null hypothesis of no time effect at a 5% significance level. This suggests that time effects 
should be included in the model for analysis. 
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Figure 9. Results of joint significance test of annual dummy variables 

3.3. Random Effects Model  
To further analyze random effects, the LM test process and results are displayed in Figure 10. 
This test is employed in panel data analysis to examine individual effects. Rejecting this null 
hypothesis indicates the presence of a random disturbance term ui reflecting individual 
characteristics in the original model. Therefore, the mixed regression model should not be used, 
and a random effects model should be chosen instead. 
 

 
Figure 10. LM test result 

 

 
Figure 11. MLE estimation results of random effects model 
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The test result indicates that the LM test rejects the null hypothesis of "no individual random 
effects" at a significance level of 5%. This suggests that the random effects model should be 
chosen over the mixed regression model. As a comparison, we can also perform Maximum 
Likelihood Estimation (MLE) for the random effects. The MLE results are presented in Figure 
11. 
The results in Figure 11 show that the coefficient of all explanatory variables were significant. 
For the tests, the extremely small p-value suggests that we reject the null hypothesis at a 5% 
significance level. This further supports the presence of individual random effects, indicating 
that the random effects model should be used instead of the mixed regression model. 

3.4. Hausman Test  
The basic idea of the Hausman test is to compare the estimated results between the fixed effects 
model and the random effects model to assess the significance of individual effects. The results 
of the Hausman test, as shown in Figure 12, are crucial for determining whether to choose the 
fixed effects model or the random effects model.  
 

 
Figure 12. Hausman test results 

 
The Hausman test typically assumes that individual effects are random, corresponding to the 
random effects model, hence the difference is expected to be close to zero. If the test statistic 
significantly deviates from zero, it implies rejection of the hypothesis that individual effects are 
random, suggesting that the fixed effects model may be more appropriate. Conversely, if it's not 
significant, it indicates that the assumption of random individual effects might be more 
appropriate. From the results of the Hausman test presented in Figure 12, it can be observed 
that the null hypothesis, which posits that ui is uncorrelated with xit and zi, is rejected with a 
very small p-value. Therefore, the fixed effects model is deemed more suitable than the random 
effects model. 
Given that in traditional Hausman tests, the null hypothesis assumes that the random effects 
model is the most efficient, it's important to note that the data used in this study, as mentioned 
earlier, exhibits substantial discrepancies between cluster-robust standard errors and ordinary 
standard errors. Consequently, utilizing the conventional Hausman test may lead to biased 
results. To address this, a Hausman test employing cluster-robust standard errors is conducted. 
This is carried out using the 'xtoverid' command in Stata, and relies on the over-identification 
test based on the excess conditions imposed. This is because, compared to the fixed effects 
model, the random effects model introduces additional constraints, assuming that individual 
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heterogeneity (ui) is uncorrelated with the explanatory variables. Therefore, it can be viewed 
as an over-identification condition. The results of the Hausman test with robust standard errors 
are illustrated in Figure 13. 
 

 
Figure 13. Hausman test results for robust standard error 

 
From the results in Figure 13, the Chi-sq(5) statistic is 57.403, with a p-value much smaller than 
0.01. Consequently, at a 1% significance level, the null hypothesis is rejected, indicating that the 
fixed effects model is preferred over the random effects model. To facilitate the comparison of 
coefficient estimates and standard errors obtained using various methods, the results are 
summarized and presented in Figure 14. 
 

 
Figure 14. Coefficient estimates and standard errors of each method 

 
The results in Figure 14 demonstrate that OLS represents the mixed regression results; 
FE_robust stands for the fixed effects model using robust standard errors; FE_TW represents 
the fixed effects model considering time effects; and RE represents the random effects model 
results. It can be observed that there are significant differences in coefficient estimates among 
different methods. Overall, the fixed effects model exhibits substantial disparities compared to 
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other models. Additionally, the inclusion of time effects in the fixed effects model (FE_TW) has 
a certain impact on the estimated coefficients. As time effects have been demonstrated to be 
significant in the earlier analysis, this study chooses the fixed effects model with time effects 
(FE_TW) as the model for analyzing the panel dataset of the real estate industry. 
In the FE_TW model, the explanatory variables, GDP, invest, area and construction significantly 
influence the dependent variable, while expenditure is not statistically significant. However, 
most coefficients for the explanatory variables are positive. The increase of regional Gross 
Domestic Product, real estate development investment and sales area of commercial housing 
will drive the sales of commercial housing to a certain extent. Besides, there is a certain degree 
of negative correlation between total output value of construction industry and sales of 
commercial housing. 

4. Conclusion 

This article conducted a modeling analysis using panel data comprising data on real estate sales 
and related influencing factors from various provinces and regions in China for the years 2010-
2022. The panel data modeling process involved in-depth analysis using various models 
including mixed regression, fixed effects models, and random effects models. Additionally, 
robust standard errors and considerations of time effects in the fixed effects model were also 
investigated. Through model estimation, parameter estimation, and various tests such as LM 
test and Hausman test, it was ultimately determined that the fixed effects model with time 
effects (FE_TW) was most effective for analyzing the panel dataset of the real estate industry. 
In this article, it was found that regional Gross Domestic Product, the real estate development 
investment, the sales area of commercial housing and the total output value of construction 
industry significantly influence the sales of commercial housing in China.  
Based on the above analysis, he following policy recommendations are proposed: 
1) Considering the significant impact of real estate development investment on real estate sales, 
the government can implement measures to promote real estate development. This may 
include streamlining approval processes and providing loan support to attract more 
investment into the real estate market, thereby stimulating the growth of real estate sales. 
2) Given the significant influence of real estate sales area on real estate sales, the government 
can encourage developers to increase the supply of real estate. This can be achieved by 
formulating corresponding policy measures to optimize land use planning and provide land 
development subsidies, among other strategies, to meet market demands and drive the growth 
of real estate sales. 
3) The government can focus on enhancing residents' purchasing power. This can be achieved 
by improving employment levels, offering training opportunities, and enhancing the social 
security system, among other measures, to increase residents' income levels and stimulate 
housing demand. 
4) The government can stabilize the real estate market through macroeconomic policies to 
avoid excessive investment and the formation of real estate bubbles. Specific measures may 
include establishing a sound regulatory mechanism for the real estate market and 
strengthening land supply management. 
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