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Abstract. This paper aims to analyze and forecast the daily closing price of 

China Unicom by using ARIMA (autoregressive integral moving average) 

model. With the increasingly complex and changeable financial market, the 

demand of investors for predicting stock price changes is increasing day by day. 

As one of the major telecom operators in China, the movement of China Uni-

com's stock price has important reference value for investors.  
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1 INTRODUCTION 

The stock market holds a pivotal position in the financial landscape, serving as a ba-

rometer that, to a certain extent, reflects the dynamic shifts in a nation's economic 

cycle through the fluctuations in stock prices. The stock price is very sensitive to the 

time factor, so the establishment of time series model can effectively analyze and 

forecast the stock price. As one of the three major telecom operators in China, the 

stock price fluctuation of China Unicom is not only concerned by the majority of 

investors, but also related to the development of the whole communication industry. 

However, in recent years, amidst the continuous expansion of China's communica-

tions market, the widespread adoption of novel technologies, particularly 5G, has 

emerged as a significant trend. The volatility of China Unicom's stock price (RMB) 

has presented complexity and uncertainty. As a classical method in time series analy-

sis, the application of ARIMA model on the daily closing price (RMB) of China Uni-

com can not only verify the validity of the model, but also provide reference for actu-

al investment decisions. This study mainly applies the time series analysis method of 

ARIMA model to conduct in-depth data analysis and forecast for the daily closing 

price (RMB) of China Unicom from 2022.9.1 to 2024.3.1, so as to understand the 

changing trend of China Unicom's stock price and provide a new perspective for the 

field of stock price prediction. 
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2 LITERATURE REVIEW

Time series refers to a series of data points arranged in chronological order, which
records the value of a certain phenomenon or variable at different points in time. In
finance, time series data are widely used in market analysis, risk assessment and pre-
dictive decision-making. Through the mining and analysis of time series data, we can
reveal the operation law of the financial market, predict the future market trend, and
provide decision support for investors. Time series analysis involves many aspects,
including data stationarity test, trend analysis, seasonal adjustment and so on.
Through proper processing and analysis of time series data, we can better understand
and grasp the dynamic changes of financial markets, and provide more accurate and
reliable information for financial decisions. [1-4]Therefore, time series play an im-
portant role in finance and are an integral part of financial research and practice.

The modeling method used to study time series is usually autoregressive moving
average model (ARMA), which contains more comprehensive information and ex-
plains more accurate information, but it is mostly used to deal with stationary time
series. Since stock prices are usually non-stationary time series and need differential
differentiation processing, differential autoregressive moving average model
(ARIMA) is used to analyze stock price changes in practice. Therefore, using ARIMA
model to analyze the time series of a specific stock price has important theoretical
basis and practical significance.[1,3]

On the research of China Unicom stock price, scholars at home and abroad have
achieved certain results. The early research mainly focused on qualitative analysis,
such as the analysis of China Unicom's business development, financial status, market
competition and other aspects. With the development of financial metrology, more
and more scholars began to use quantitative analysis methods to study the stock price
of China Unicom.

In terms of stock price volatility characteristics, some scholars have found that the
stock price volatility of China Unicom has significant volatility aggregation and lev-
erage effect by establishing GARCH model and EGARCH model. In addition, some
scholars have found that the stock price fluctuation of China Unicom has significant
seasonal characteristics and asymmetry.

In terms of influencing factors of stock price, scholars generally believe that policy
adjustment, company performance, market environment and other factors will have a
significant impact on China Unicom's stock price. Among them, policy adjustment,
especially in the communications industry, has the most significant impact on China
Unicom's stock price. In addition, the company's profitability, operating capacity and
growth capacity and other financial indicators will also affect China Unicom's stock
price.

In terms of stock price forecasting methods, the early research mainly uses linear
regression model, exponential regression model and other traditional statistical mod-
els to forecast. With the continuous development of financial time series analysis,
more and more scholars begin to use ARIMA model, VAR model, ECM model and
other financial measurement models to forecast. The application of these models
makes the accuracy and stability of stock price prediction significantly improved.
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However, the existing research results still have some shortcomings. First of all,
some studies fail to fully consider the nonlinear characteristics of China Unicom's
stock price fluctuations, which leads to certain deviations in the forecast results. Sec-
ondly, the research on the factors affecting the stock price fluctuation of China Uni-
com is not deep enough, which makes it difficult for investors to fully grasp the risk
of stock price fluctuation. Finally, few studies use ARIMA model to forecast China
Unicom's stock price, which makes investors lack of effective forecasting tools.
Therefore, this study aims to use ARIMA model to analyze and forecast the stock
price of China Unicom more accurately.[2,5]

3 MODEL INTRODUCTION

3.1 ARIMA Model

The ARIMA (Autoregressive Integrated Moving Average) model, originally intro-
duced by Box and Jenkins in the early 1970s, stands as a renowned approach for
forecasting time series data. This model integrates the principles of autoregressive
(AR) and moving average (MA) models, while incorporating the notion of differenc-
ing (I) to handle non-stationary time series. This integration allows the ARIMA model
to effectively capture both trends and seasonal variations within the data.[8-10]

The basic idea behind the ARIMA model is to use historical data to predict future
values. It assumes that the time series data is a linear function of its own past values
and a linear function of the random error term. By fitting these data points, ARIMA
models are capable of capturing the evolving patterns within time series data and
providing insights into potential future trends.

An ARIMA model usually consists of three components: autoregressive term
(AR), difference order (I), and moving average term (MA). The autoregressive term
describes the relationship between the time series data and its own past values. The
difference order is used to transform non-stationary time series into stationary series
for subsequent analysis; Moving average takes into account the effect of random error
term on time series.

When the ARIMA model is applied, the order of the model (p,d,q), that is, the or-
der of the autoregressive term, the order of the difference term and the order of the
moving average term, must be determined first. This is usually achieved by observing
the characteristics of time series data, conducting correlation analysis and unit root
test. Once the model order is determined, the parameters of the model can be esti-
mated using least squares or other optimization algorithms.

(1) AR model. AR is a linear time series analysis model. The regression equation is
established through the correlation (autocorrelation) between its current data and his-
torical data. The formula is as follows:

௧ܻ = ܿ + ߮ଵ ௧ܻିଵ + ߮ଶ ௧ܻିଶ +⋯+ ߮ ௧ܻି + ௧               (1)ߝ
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(2) MA model. This model is a weighted sum of the white noise series in a period
of time series, and the moving average equation can be obtained, the formula is as
follows:

௧ܻ = ܿ + ௧ߝ + ௧ିଵߝଵߠ + ௧ିଶߝଶߠ … + ௧ିߝߠ (2)

(3) ARMA model. The full name of this model is autoregressive moving average
model, which consists of two parts: autoregressive and moving average model. The
formula is as follows:

௧ܻ = ܿ + ߮ଵ ௧ܻିଵ + ߮ଶ ௧ܻିଶ +⋯+ ߮ ௧ܻି − ௧ߝ − ௧ିଵߝଵߠ − ௧ିଶߝଶߠ −⋯− ௧ି (3)ߝߠ

(4) ARIMA model. ARIMA(p,d,q) model is also known as differential autoregres-
sive moving average model. The trend parameters are as follows:

p: trend autoregressive order; d: trend difference order; q: Trend moving average
order.

3.2 ARIMA Model Modeling Steps [1-5]

Data Collection and Preprocessing. After collecting the original data, the data is
preprocessed, and the stationarity test is carried out through the unit root (ADF) test.
The difference operation is carried out on the sequences with large differences and
periodic changes to complete the stationarity processing and make them tend to be
stationarity to ensure that the data quality meets the requirements of ARIMA model.

Construction and Parameter Estimation of ARIMA Model. The ARIMA model is
constructed according to the data after prestabilization. The model parameters p,d and
q are determined according to the ACF diagram, and the appropriate ARIMA(p,d,q)
model form is selected. Then, the parameters of the model are estimated by the least
square method to determine the specific form of the model.

Model Diagnosis and Optimization. After the initial estimate of the ARIMA model
is obtained, we need to diagnose the model to evaluate its fit and predictive power.
This includes residual analysis, model stability test, etc., and white noise test is per-
formed to determine whether the residual sequence is white noise.

Stock Price Prediction and Result Evaluation. Upon completion of the optimiza-
tion process, we leverage the optimized ARIMA model to anticipate the future daily
closing prices of China Unicom. Specifically, our predictions will span from March
4th, 2024, to March 8th, 2024. Subsequently, we intend to assess the model's fore-
casting efficacy by comparing the predicted values against the actual daily closing
price data during this period.
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4 EMPIRICAL ANALYSIS

4.1 Raw Data Processing

ARMA model is usually used to model data with stable changes, but many real time
series (such as stock data) do not have constant and unchanged mean value, so
ARIMA model is needed to model data with non-stationarity. Initially, a crucial step
involves examining the stability of the original data, and then transform the unstable
sequence into a stable sequence according to the difference method.

This paper selects the daily closing price data of China Unicom from September 1,
2022 to March 1, 2024 through Flush Finance, with a total of 361 samples.

First, this paper uses Eviews13 software to briefly analyze the original data of
China Unicom's daily closing price and draw a time series diagram of the original
sequence, as shown in Figure 1. As can be seen from Figure 1, the original daily
closing price data of China Unicom did not show obvious rules within the sample
time limit, and it can be seen that the short-term fluctuation is large. Therefore, ac-
cording to the original time series line graph, we can roughly infer that the series does
not meet the stationarity condition.

Fig. 1. Line chart of closing price time series of China Unicom stock trading day.

The next step is to perform differential processing on the raw data. Eviews13 soft-
ware was used to draw the broken line trend diagram of the first-order difference
sequence, as shown in Figure 2. It can be seen that the trend of the difference series is
obviously more gentle and stable than that of the original data series, and there is a
certain regularity in the fluctuation, so it can be inferred that the first-order difference
series may belong to the stable time series. In order to further confirm its stationarity,
ADF tests can be carried out on three cases: no intercept item without trend item, with
intercept item without trend item, and with intercept item with trend item. The results
are shown in Figure 3-5. It can be found that the P-values are all less than 0.05, and it
can be concluded that the data after first-order difference processing is the required
stationarity data.
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Fig. 2. Time series diagram of first-order difference series.

Fig. 3. There are intercept terms and no trend terms.

Fig. 4. There are intercept terms and there are trend terms.

Fig. 5. There is no intercept term. There is no trend term.
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4.2 Model building and Order Determination

According to the above processing results, the original time series achieves a state of
stationarity after first-order difference. Next, select ARIMA (p,d,q) model to com-
plete the modeling. Among them, since the stationary sequence is obtained by the
first-order difference, the difference integration number d=1 can be obtained.

Firstly, the order of the model is determined. As shown in Figure 6, the autocorre-
lation graph (ACF) and partial autocorrelation graph (PACF) of the stationary se-
quence are both second-order truncated, but AIC information criteria, SC information
criteria and t statistics should be used to make specific judgments if accurate values of
the lag order p and q are to be obtained. And try to fit the model. According to previ-
ous empirical experience, most models of financial and economic variables meet the
analysis model with p value and q value ≤2. The three models of ARIMA (2, 1, 0),
ARIMA (2, 1, 2) and ARIMA (0, 1, 2) are analyzed and compared, as shown in Fig-
ure 7-9, so as to determine the optimal model order.

Fig. 6. Sample autocorrelates and sample partial autocorrelates of first-order difference se-
quences.

Fig. 7. ARIMA(2,1,0).
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Fig. 8. ARIMA(2,1,2).

Fig. 9. ARIMA(0,1,2).

Considering the significance of AIC, SC and HQ information criteria and varia-
bles, AIC is the lowest at ARIMA(2,1,2), and AR(1), AR(2), MA(1) and MA(2) are
all significant at 1% level. Based on this, the ARIMA(2,1,2) model is constructed in
this study.
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4.3 Model Diagnosis and Optimization

According to the above series of tests, the ARIMA (2,1,2) model is selected as the
best prediction model, and various parameters of the model are estimated and calcu-
lated. As shown in Figure 10, the p values corresponding to all parameters of the
model ARIMA (2,1,2) are 0, less than 0.01, indicating that the model parameters are
significantly effective.

According to parameter estimation, the model can be written as follows:

⎩
⎪
⎨

⎪
⎧
௧ܧܥܫܴܲܦ = ܿ + ∅ଵܧܥܫܴܲܦ௧ିଵ + ∅ଶܧܥܫܴܲܦ௧ିଶ + ଵ߳௧ିଵߠ + ଶ߳௧ିଶߠ + ߳௧

∅ଵ = −1.059571
∅ଶ = −0.978787
ଵߠ = 1.033944
ଶߠ = 0.943543

(4)

Fig. 10. Model coefficient diagram.

After completing the above parameter estimation steps,the residual sequence of the
fitting model should be tested to see whether it meets the definition condition of white
noise. If the residual sequence exhibits characteristics of white noise, it signifies that
the ARIMA model has effectively captured all relevant correlation information. As
depicted in Figure 11, the white noise test results indicate that the P-values associated
with the Q-test are all above 0.05, indicating the residual sequence satisfies the white
noise criteria.Therefore, it can be inferred that the constructed ARIMA (2,1,2) model
can extract all the correlation information of the time series data, and the time series
fitting of the original data with it is optimal, and the model is effective.
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Fig. 11. Autocorrelation and partial autocorrelation of residual sequence.

The model was used to fit the data of the daily closing price of 2022.9.1-2024.3.1.
According to the model fitting effect diagram in Figure 12, the fitting value fits the
data of the real value very well, and the simulation effect is good.

Fig. 12. Model fitting effect diagram.

5 STOCK PRICE FORECAST

Finally, the fitted ARIMA model was used to forecast the data of China Unicom for a
total of five days from 2024.3.4 to 2024.3.8, and the results were compared with the
actual data, as shown in Table 1. As shown in the figure, the predicted price based on
the constructed ARIMA model is relatively close to the real daily closing price, and
the error is small, indicating that the effect of using this ARIMA model to predict the
daily closing price is relatively ideal. It further proves that the model constructed in
this paper is correct and can accurately predict the opening price of stocks on the
same day.
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Table 1. Comparison with the predicted value and actual value.

date Predicted value/RMB Actual value/RMB Error/RMB
2024.3.4 4.85 4.86 -0.011831
2024.3.5 4.84 4.84 -0.003383
2024.3.6 4.83 4.81 0.015165
2024.3.7 4.71 4.72 -0.012757
2024.3.8 4.83 4.83 -0.001326

6 CONCLUSION

This paper constructs ARIMA model through eviews13 software to smooth the data,
construct the model and conduct empirical analysis on 361 sample data of China
Unicom's daily closing price of 2022.9.1 to 2024.3.1. The ARIMA (2,1,2) models
were obtained with good fitting results. The ARIMA model shows good adaptability
in capturing and explaining the dynamic change of China Unicom stock price, which
solves the problem of non-stationary time series.

In conclusion, this study systematically analyzes and forecasts the daily closing
price of China Unicom by using ARIMA model, which provides a useful reference
for investors. Nonetheless, it is crucial to recognize that forecasting stock prices is
inherently intricate and demanding, and thus, no model can guarantee absolute preci-
sion in predicting future outcomes. Therefore, investors should consider a variety of
factors when making investment decisions, including company fundamentals, indus-
try trends, and market risks. Therefore, as an investor, it is necessary to choose in-
vestments carefully, fully realize the potential risks of the stock market, and make
investment decisions after comprehensively mastering all kinds of information.[6-9]

REFERENCE

1. Weng Zixia. (2023). Stock Price Analysis and Prediction based on arima model: A case
study of China Construction Bank. Modern Information Technology,7(14),137-141.

2. Wang Y. Stock price analysis and prediction based on ARMA model [J]. Productivity Re-
search,2021(9):124-127.

3. Zhao N. (2023). Short-term prediction of Vanke Stock price based on arima model. Finan-
cier (1),34-36.

4. Zhang H, & Jiang Z B. (2007). Establishment and forecast analysis of arima model of coal
price in China. Industrial Technical Economics,26(7),4.

5. Cui Bohan. (2023). Prediction of Bitcoin closing price in June 2023 based on Rolling ari-
ma prediction model. Advances in Applied Mathematics,12(6),2853-2860.

6. Tao, L. Z. (2022). Forecasting tesla's stock price using the arima model. Business Eco-
nomics Research, 5(5), 38-45.

7. Edward, Aloysius & Manoj, Jyothi. (2016). Forecast model using ARIMA for stock prices
of automobile sector.  International Journal of Research in Finance and Marketing, 6(4),
1-9.

Data Analysis and Prediction of Daily Closing Price of China Unicom             147



8. Badhusha, M. A. A. & Kannan, S. K. (2021). Forecasting national stock price using
ARIMA model.  Global and Stochastic Analysis, 4(1), 77-81.

9. Meher,  B.  K.,  Hawaldar,  I.  T.,  Spulbar,  C.  M.  &  Birau,  F.  R.  (2021).  Forecasting  stock
market prices using mixed ARIMA model: a case study of Indian pharmaceutical compa-
nies.  SSRN Electronic Journal, 18(1), 42-54.

10. Adebiyi, A. A., Adewumi, A. O., & Ayo, C.K. (2014). Comparison of ARIMA and artifi-
cial neural networks models for stock price prediction. Journal of Applied Mathematics,
2014(1), 614342.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

148             Y. Sun

http://creativecommons.org/licenses/by-nc/4.0/

	Data Analysis and Prediction of Daily Closing Price of China Unicom based on ARIMA Model

