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Abstract: The real estate markets are an important component of Chinese economy structure 

which is worth to study and predict. This paper uses the autoregressive integrated moving 

average (ARIMA) models to predict the construction area of residential real estate in 

Shenzhen. The data is given by a convinced and reliable company CRIC. CRIC focuses on 

the Chinese real estate market for years. With the dataset from CRIC and based on the 

ARIMA methodology, the author gives a roughly prediction which shows that the 

construction area of residential real estate in Shenzhen will continuously rise in a short term. 

Serious of tests are invoked, such as white noise test and unit-root test etc. The author then 

draws a conclusion by those tests, which implies that the construction area of residential real 

estate in Shenzhen is worth to predict statically. And in the real-life dimension this prediction 

can provide a valuable reference to politicians and investors. For politicians, the prediction 

can help them make policy. And for investors, the prediction can help them maximize their 

benefits. 
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1. Introduction 

The real estate markets in China are becoming superheating. Under this situation, it is very important 

to analysis the markets. As one can see, the area provided in the future is based on the present 

construction area. And the popular of the real estate markets mostly depends on the residential real 

estate. Therefore, the construction area of residential real estate is worth analyzed and predicted. 

Shenzhen, as one of the first-tier cities in China, is worth studying with no doubt. 

The prices of residential real estate in Chinese have soared [1]. However, the papers of Chinese 

real estate markets are abundant, especially the construction area of Chinese real estate markets. And 

this paper roughly predicts the construction area of residential real estate in Shenzhen in a short time, 

which is based on the ARIMA model. The ARIMA model is reliable. Many different prices have 

been predicted, such as stock [2], bitcoin [3], or house [4]. And it is well performed when doing a 

short-term prediction [5]. 

This paper shows the construction area of residential real estate in Shenzhen from 1991 to 2020 

with the unit 10,000/m2 in line chart, which construct a time series. And various of data processing 

methods are provided in order to evaluate whether the time series is worth to predict. The result is the 

time series can be predicted roughly. Then the author identifies the model and provides a prediction 
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of the construction area of residential real estate in Shenzhen with the unit 10,000/m2. This prediction 

is based on the ARIMA model. The area is predicted to rise which means that the supply of residential 

real estate will increase. Since the construction area will come into the market eventually. 

2. Methodology 

2.1. Source of Data 

A dataset, from CRIC, is used to describe the construction area of residential real estate in Shenzhen. 

The dataset consists of construction area of residential real estate in Shenzhen from 1991 to 2020. 

The independent variable is time, and the dependent variable is the construction area of residential 

real estate in Shenzhen. For each year, the dataset is performed as a numerical number and the unit is 

10,000/m2.  

2.2. Data Processing and Models 

2.2.1. Turning the Series into Stationary 

Step 1: Natural logarithm (NL): One can use the nature logarithm function to reduce variance [6]. 

𝑿 = 𝒍𝒏(𝑿) (1) 

Step 2: Differentiation: One can use the differentiation to remove trend signals and also to reduce 

the variance [7]. 

𝒙𝒌 = 𝒙𝟎 + 𝒌𝒉, (𝒌 = 𝟎, 𝟏, … , 𝒏) 

𝜟𝒇(𝒙𝒌) = 𝒇(𝒙𝒌+𝟏) − 𝒇(𝒙𝒌) 

(2) 

(3) 

2.2.2. Stability Test 

Step 1: Augmented Dickey-Fuller test (ADF): One can proved that the time series is stable if and only 

if the solution 𝑥𝑖 of 

𝟏 − 𝜱𝟏𝒙 − 𝜱𝟐𝒙𝟐−. . . −𝜱𝒌𝒙𝒌 (4) 

satisfied that ∀𝑖, |𝑥𝑖| > 1. 

If the ADF shows that the time series is stable, then one can calculate the ACF and PACF to 

confirm the order of the ARIMA model [8]. 

Step 2: Autocorrelation function (ACF): The autocorrelation function of stationary sequence is 

independent of any particular 𝑡 time and is a function of time interval ℎ. 

𝝆𝒉 = 𝝆(𝑿𝒕, 𝑿𝒕+𝒉) =
𝒄𝒐𝒗(𝑿𝒕, 𝑿𝒕+𝒉)

𝝈𝒕𝝈𝒕+𝒉
 (5) 

Step 3: Partial autocorrelation function (PACF): The partial autocorrelation function can describe 

the random process structure. The 𝛷𝑘𝑗  represents the number 𝑗 coefficient of the autocorrelation 

equation of order 𝑘. Then the autoregressive model (AR) is shown as 

𝒙𝒕 = 𝜱𝒌𝟏𝒙𝒕−𝟏 + 𝜱𝒌𝟐𝒙𝒕−𝟐+. . . +𝜱𝒌𝒌𝒙𝒕−𝒌 + 𝒖𝒕 (6) 

Notice that 𝛷𝑘𝑘 is the last coefficient. And 𝛷𝑘𝑘 can be recognized as a function of delayed 𝑘 . 

Then𝛷𝑘𝑘, 𝑘 = 1,2, … is the partial autocorrelation function. 
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𝑿𝒕 = 𝝓𝟎 + ∑ 𝝓𝒊

𝒑

𝒊=𝟏

𝑿𝒕−𝒊 + 𝝐𝒕 − ∑ 𝜽𝒕−𝒋

𝒒

𝒋=𝟏

𝝐𝒋, (𝝓𝒑 ≠ 𝟎, 𝜽𝒒 ≠ 𝟎) 
(7) 

𝑬(𝝐𝒕) = 𝟎, 𝑽𝒂𝒓(𝝐𝒕) = 𝜹𝝐
𝟐, 𝑬(𝝐𝒕𝝐𝒔) = 𝟎, 𝒔 ≠ 𝒕, (𝑬(𝑿𝒔𝝐𝒕) = 𝟎, ∀𝒔 < 𝒕) (8) 

2.2.3. White Noise Test 

Ljung-box test [9] 

𝑸(𝒎) = 𝑻(𝑻 + 𝟐) ∑
�̂�𝒊(𝒂𝒕

𝟐)

𝑻 − 𝒊

𝒎

𝒊=𝟏

 (9) 

where 𝑇 is sample size, m is a constant, 𝑎𝑡 is residuals and �̂�𝑖(𝑎𝑡
2) is the ACF of order 𝑖 with respect 

to 𝑎𝑡
2. 

2.2.4. ARIMA Model Identification 

Bayesian Information Criterions: 

𝑩𝑰𝑪 = 𝒍𝒏(𝒏)𝒌 − 𝟐𝒍𝒏(𝑳) (10) 

where 𝐿 is the prediction function, 𝑛 is the sample size and 𝐾 is the number of coefficients. 

It is helpful to identify the ARIMA model [10]. 

2.2.5. Model Checking 

QQ-plot: One can use QQ-plot to check that if the residuals follow the Gaussian distribution 𝑵(𝝁, 𝝈𝟐). 

3. Results and Discussion 

3.1. Data Visualization 

Fig. 5 shows the numerical features in the dataset. The ordinate represents area, and the abscissa 

represents year. As one can see, the area is on the rise. Therefore, one can assume that the time series 

is worth predicted. However, it should be illustrated more further by rigorous approach. 

 

Figure 1: Construction area of residential real estate in Shenzhen (Photo credit: Original). 
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Fig. 2 shows the construction area of residential real estate in Shenzhen in line chart. The increment 

of the construction area of residential real estate in Shenzhen is given by the difference of first order. 

 

Figure 2: Construction area of residential real estate in Shenzhen (Photo credit: Original). 

 

Figure 3: Construction area of residential real estate in Shenzhen after difference (Photo credit: 

Original). 

The increment fluctuates periodically over time and the growth rate of the construction area of 

residential real estate in Shenzhen has increased (see Fig. 3). However, it is not a stationary time 

series, and it cannot be used for effective model prediction and analysis. 
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3.2. Statistical Analysis 

3.2.1. Natural Logarithm 

The author takes nature logarithm to the original data. Fig. 4 shows the data after the logarithm. The 

time series after logarithm is denoted as “szl”. 

 

Figure 4: Construction area of residential real estate in Shenzhen after logarithm (Photo credit: 

Original). 

3.2.2. Stability Test before Difference 

From ACF (see Fig. 5) one can see that the function trails and waves like cosine function. 

 

Figure 5: ACF of the time series after logarithm (Photo credit: Original). 

And the PACF (see Fig. 6) truncates. However, the value of ACF is out of confidence interval 

until the 6th order lag. If a time series is stable for a specific probability, the ACF value will be in the 

confidence interval after the 1st order lag under the specific probability. In author’s case, the 

probability of the time series being unstable is 95%.  
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Figure 6: PACF of the time series after logarithm (Photo credit: Original). 

What’s more the Augmented Dick-Fuller Test shows that the p-value is 0.9842. In another word, 

the probability such that the time series is unstable is 98.42%. in the author’s case, the p-value show 

be less than 0.05. Therefore, the author differences the data in order to get a stable time series. 

3.2.3. Difference 

Fig. 7 shows the time series after difference. The time series is denoted as “diffa”. One can suppose 

that the time series is fluctuated around a constant. In order to further verify this assumption, the 

author shows the ACF and PACF as follows. 

 

Figure 7: The time series after logarithm and difference (Photo credit: Original). 

3.2.4. Stability Test after Difference 

As one can see, the ACF value is in the confidence interval after the 1st order lag (see Fig. 8), and the 

PACF value truncates (see Fig. 9). And the p-value of unit root test is 0.00006582 which is less than 

0.05. Therefore, the unit root test passed, i.e., the time series is stable. Namely, it’s worth to predict. 
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Figure 8: ACF of the time series after logarithm and difference (Photo credit: Original) 

 

Figure 9: PACF of the time series after logarithm and difference (Photo credit: Original) 

3.2.5. White Noise Test 

White noise test is a test to evaluate if the time series is white noise, namely, worth predicted. In the 

author’s case, the p-value of white noise test is required bigger than 0.05. That is, the probability of 

time series being white noise is less than 5%. The p-value of white noise test is 0.5579 which is bigger 

than 0.05. Therefore, the residuals pass the white noise test. 

3.2.6. ARIMA Model Identification 

Notice that the author differences the time series of order 1. Therefore, the coefficient of d equal to 

1. The ARIMA (p,d,q) model requires 3 coefficient. p and q need to be confirmed. By the figures of 

ACF and PACF, the author confirms that p=1, q=0. That is because from ACF (see Fig. 8) one can 

see that the function trails and waves like cosine function. And the PACF (see Fig. 9) truncates. More 

rigorous, the BIC matrix (see Fig. 10) shows that ARIMA (1,1,0) model is more precise than the 

others [7]. This is because the block is darkest under p=1, q=0. However, it is not very clear. Therefore, 

the author use auto.arima function, which also suggests to construct the model of ARIMA (1,1,0). 
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Figure 10: BIC matrix (Photo credit: Original). 

3.2.7. Model Check 

If the time series is worth predicted, the residuals of time series should follow the Gaussian 

distribution. One can use QQ-plot to visualize the residuals. More precisely, the value should lie in 

the red area and follows Gaussian distribution. In the author’s case, the QQ-plot (see Fig. 11) shows 

that the data follows Gaussian distribution roughly. One can see that the middle part lies in the red 

area perfectly. Therefore, one can do a roughly prediction based on the analysis above. 

 

Figure 11: QQ-plot (Photo credit: Original). 

3.2.8. Model Prediction 

Fig. 12 shows the prediction of the model, which is differenced first-order autoregressive model after 

natural logarithm. 
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Figure 12: Prediction after logarithm (Photo credit: Original). 

The above analysis results show that. The construction area of residential real estate in Shenzhen 

is predicted to rise. That is, the supply of residential real estate might be close to saturation. 

4. Conclusion 

The results of this paper indicate that the time series of the construction area of residential real estate 

of Shenzhen is unstable before natural logarithm. And the time series is unstable before difference. 

However, the time series is stable after difference of 1 order. And the time series is passed white noise 

test. Moreover, the residuals of the time series follow the Gaussian distribution. The ARIMA model 

of the time series is confirmed as (1,1,0) model. After that, the prediction of the time series shows 

that the statistics of the construction area of residential real estate in Shenzhen before natural 

logarithm will rise in a short term. Namely, the statistics of the construction area of residential real 

estate in Shenzhen rise in a short term. Since the natural logarithm function is an increasing function 

when variable is real. 

The prediction can perform a roughly message, that is, the supply of residential real estate might 

be close to saturation. For investors and buyer, it is benefit for them to think about whether they 

should buy residential real estate or not. As one can see, more houses sold in the markets less the 

price is. However, the political issue is not under consideration, which is one of the limitations of this 

prediction. 

What’s more the qq-plot shows that this model can be more precise, since the end point doesn’t 

lie in the red area. Also, it may be better to use high order difference instead of using nature logarithm. 

Since some mathematical structure may be destroyed after nature logarithm. What’s more, the model 

will be more convincing, if the author uses T-test to finish the hypothesis testing. 
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