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Abstract 
Accurately predicting port container throughput is of great significance to government 
departments' planning for port construction and the rational deployment of resources 
by ports and shipping companies. Therefore, this paper selects the time series of 
Tianjin’s monthly container throughput from 2001 to 2021 for statistical analysis, 
constructs an autoregressive differential moving average (ARIMA) model, and uses the 
econometric software Eviews to perform stationarity test, white noise test, and model 
identification with order determination, diagnostic testing and parameter estimation, it 
is finally determined to establish an ARIMA (4,1,2) optimal model to predict port 
container throughput. This model can predict the change trend of Tianjin Port's 
container throughput. The empirical results show that the ARIMA (4,1,2) model has high 
prediction accuracy. 
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1. Introduction 

In the context of the rapid growth of international trade, ports have become an indispensable 
link in the global economic and trade chain. As a distribution center for import and export goods, 
the port is an important infrastructure to promote the development of the country. It directly 
affects the prosperity and decline of the hinterland economy and plays an important role in the 
normal conduct of domestic and foreign trade. In the first half of 2021, as the new crown 
epidemic eased and countries gradually lifted blockade and isolation measures, global trade 
gradually recovered and port cargo throughput increased rapidly. Take China as an example. 
From January to May of 2021, the container throughput of major ports increased significantly 
year-on-year, with a growth rate of 16.8%. Excluding the base impact caused by the 2020 
epidemic, the growth rate was 8.8% compared with the same period in 2019[1]. If the country 
wants to promote the stable development of port-related enterprises and promote the 
prosperity of the country's national economy, it needs to continue to promote the development 
of port transportation. 
The development of port transportation is closely related to the development of container 
transportation. Port container throughput is an important indicator to measure port 
competitiveness. To obtain profit, the construction scale and layout of port terminals should 
match the container throughput. The increasingly intensified competitive environment has also 
prompted the port to become more intelligent and refined. During the transformation, port 
managers must rationally plan port construction, reduce financial losses, and improve 
operational efficiency. Therefore, predicting port container throughput is of practical 
significance. Accurately predicting port container throughput will not only help the 
government management department to macro-plan the future direction of port construction, 
but also help port operation groups and shipping companies to rationally allocate resources 
and effectively formulate port transportation plans. Therefore, from the perspective of socio-
economic development and the development of the port transportation industry, accurate 



Volume 3 Issue 2, 2022 

DOI: 10.6981/FEM.202202_3(2).0070 

586 

Frontiers in Economics and Management 

ISSN: 2692-7608 

prediction of port container throughput has very important economic value and social benefits, 
and is vital to the long-term economic development.  

2. ARIMA Model 

2.1. Introduction to the ARIMA Model 
The Autoregressive Differential Moving Average (ARIMA) model was co-founded by American 
scholar Box and British statistician Jenkins [2]. The ARIMA model can predict future values 
based on historical values [3]. Its commonly used models include autoregressive model (AR 
model), moving average model (MA model), and autoregressive-moving average mixed model 
(ARMA model). The ARIMA model is an extension of the ARMA model. The ARIMA model is 
often used in the statistical analysis of time series, and the model has high accuracy and good 
fit. 
The ARIMA model consists of three parts, namely AR, I, MA , where AR stands for autoregressive 
model, which predicts future values through historical values, and p stands for autoregressive 
order. I represents the difference. For non-stationary series, its variance and mean will change 
at different times, and its uncertainty is high. It is difficult to use the current known information 
conditions to complete the prediction. Therefore, the non-stationary series is converted into 
Stationary series, d represents the order of difference. MA is a moving average model, which 
makes the distribution of error terms in the autoregressive model more balanced, and q 
represents the moving average order. When in ARIMA, it is equal to the ARMA model. ARMA 
model is generally used for modeling and analysis of original data without difference, that is, 
stationary time series analysis. Most economic data such as port container throughput 
sequence  are non-stationary time series, so this article uses the ARIMA model for analysis, and 
the formula is as follows: 
 

 

 

Among them, represents the order difference of the predicted value , represents the 
constant term, represents the error, represents the autoregressive coefficient, 
represents the historical value, represents the partial regression coefficient, and  is the 
error term for different periods. 

2.2. Establishment and Prediction of ARIMA Model 
2.2.1. Smoothing 
Before establishing a model, the sequence is required to be stable, that is, the mean, variance 
and covariance of a sequence will not change over time [4]. First of all, it can be tested by the 
sequence diagram judgment method. The sequence diagram judgment method is the most 
intuitive method. The stationarity can be judged by observing the trend of the sequence 
diagram, but this is only a rough judgment. The accuracy of the ADF unit root test is higher. 
Combining whether the data sequence has a unit root or not, it can be judged whether the data 
is stable, and the stationarity of the sequence can be determined by comparing the p value with 
0.05. In the process of processing non-stationary time series, most of them take the logarithmic 
value or make the difference to make it meet the stationarity condition [5]. Theoretically, the 
more times the difference is, the more fully the non-stationary deterministic information of the 
time series information is extracted, but theoretically, the more times the difference is not the 
better, every difference operation will cause information loss. Therefore, excessive difference 
should be avoided. Generally, the order of difference should not exceed 2 in application. 
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2.2.2. White Noise Test 
If the sequence values are not correlated with each other, that is, the historical value of the 
sequence has no influence on the future value, the model establishment will also be 
meaningless. Therefore, the original time series must be a set of correlated and regular data, 
and p The value is compared with the significance level to determine whether the white noise 
test of the stationary series passes. 
2.2.3. Model Identification and Ordering 
The identification of the model is to find a reasonable value. The number of times the difference 
needs to be carried out is equal to the order of d, and then the ARIMA model is converted to 
obtain the ARMA model. Use PACF and ACF tables to determine the values of p and d. The 
selected values of p and q are different, there are also differences corresponding to the 
established model. Using the minimum information criterion, when the AIC value is the smallest, 
the values of p and q are the best coefficients. At this time, the formed prediction model fits the 
data best. 
2.2.4. Diagnostic Testing and Parameter Estimation 
Check whether the residual is a random sequence. When performing the white noise test, take 
the significance level as a=0.05, compare the p value with the significance level, estimate the 
model parameters, and test the estimated values to determine the feasibility of parameter 
estimation. Reliability. Model verification is mainly to verify the fitting effect of the model. If the 
model completely or basically explains the correlation of the system data, then the noise 
sequence of the model is a white noise sequence, and the verification of the model is also the 
independence test of the noise sequence. The specific test method can use Barlett's theorem to 
construct test statistic Q. If the model obtained does not pass experience, then the model should 
be refitted until the model can pass the white noise test. 
2.2.5. Model Prediction 
After determining the ARIMA model, use Eviews to predict future values based on historical 
values. 

3. Empirical Study 

3.1. Data Description  
In order to verify the effectiveness of the model, we will use monthly data with relatively high 
data availability as an example to carry out empirical research. This article uses the monthly 
data of container throughput of Tianjin Port in China as a sample(As shown in Figure 1), and 
the data comes from the Wind database. Located on the west coast of Bohai Bay, Tianjin Port is 
the maritime gateway of Beijing-Tianjin-Hebei and the starting point of the eastern part of the 
China-Mongolia-Russia Economic Corridor. It has important research significance. The data 
sample interval of Tianjin Port is from February 2001 to February 2021 and contains a total of 
241 observations. 
 

 
Figure 1. Port container throughput sequence 
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Figure 2. Port container throughput trend item 

3.2. Smoothing 
It can be seen from Figure 1 that the original sequence has an upward trend, and it can be 
roughly judged that this sequence is a non-stationary sequence, but the data is volatile. In view 
of the good fitting ability of the econometric model to linear components, this article will trend 
the original sequence The item extraction obtains the trend item sequence as shown in Figure 
2. The ADF unit root test is performed for this sequence. The results are shown in Table 1. The 
t value is 0.3208, which is greater than the test values at the significance level of 1%, 5%, and 
10%, and the p value is 0.9790, which is the port container throughput sequence Belongs to 
non-stationary series. The t value after the first-order difference processing is -4.8636, which 
are all smaller than the test values at the significance level of 1%, 5%, and 10%, and the p value 
is 0.0001, that is, the port container throughput trend series is converted to a stationary series. Denoted 
as DY. 
 

Table 1. ADF unit root test table 
Trend item  Sequence after first-order difference 

t-Statistic(ADF test statistic) Prob t-Statistic(ADF test statistic) Prob 
0.3208 0.9790 -4.8636 0.0001 

Test critical values:1%level -3.4582 Test critical values:1%level -3.4582 
5%level -2.8737 5%level -2.8737 
10%vel -2.5733 10%level -2.5733 

3.3. White Noise Test  
After the port container throughput trend sequence is converted to a stationary sequence DY, 
a white noise test is required. It can be seen from Table 2 that from the lag 1 period to the 8 
period lag, the p-values are all less than 0.05, so the sequence is a non-white noise sequence. 
 

Table 2. White noise test value of the first-order difference sequence 
Lag order AC PAC Q-Stat Prob 

1 0.942 0.942 215.77 0.000 
2 0.825 -0.565 381.68 0.000 
3 0.677 -0.080 494.13 0.000 
4 0.531 0.091 563.56 0.000 
5 0.396 -0.053 602.40 0.000 
6 0.269 -0.161 620.31 0.000 
7 0.147 -0.059 625.66 0.000 
8 0.038 0.051 626.64 0.000 

3.4. Model Identification and Ordering  
From the above stationarity process, the difference order d=1 can be known. At the same time, 
it can be seen from the autocorrelation coefficient and partial autocorrelation coefficient of 
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Table 2 that the autocorrelation coefficient of DY exhibits attenuation characteristics, showing 
tailing; the partial autocorrelation coefficient of DY attenuates after 6 periods of lag, showing 
tailing The value of q can be judged to be 2. Then roughly construct all models with p less than 
7 and q=2, and at the same time judge the significance of the parameters and compare the value 
of AIC to determine the optimal model. 
 

Table 3. Significance of AIC and parameters of different models 
Model AIC All parameters are significant Model AIC All parameters are significant 

ARMA(1,2) -1.9679 yes ARMA(4,2) -2.0697 yes 
ARMA(2,2) -2.0375 yes ARMA(5,2) / no 
ARMA(3,2) / no ARMA(6,2) / no 

 
It can be seen from Table 3 that the AIC values of ARMA(2,2) and ARMA(4,2) are relatively small 
and relatively similar. The SC value of ARMA(2,2) is -1.9505, the DW value is 1.9391, and the 
ARMA(2,2) value is -1.9505. The SC value of 4,2) is -1.9537, and the DW value is 2.0935. 
Therefore, this article chooses the ARMA (4,1) model. At this time, the model fits well, that is, 
the ARIMA (4,1,2) model is finally determined. 

3.5. Diagnostic Testing and Parameter Estimation  
Perform white noise test on the residuals of the model. From the results in Table 4, it can be 
seen that all p-values are significantly greater than 0.05. Therefore, it can be concluded that the 
residual sequence belongs to the white noise sequence, which proves that the ARIMA (4,1,2) 
model Inspection passed. 
 

Table 4. Residual series tests of ARIMA (4,1,2) model 
Lag order AC PAC Q-Stat Prob 

1 -0.047 -0.047 0.546 0.460 
2 0.086 0.084 2.357 0.308 
3 -0.030 -0.022 2.575 0.462 
4 0.009 0.000 2.595 0.628 
5 0.076 0.081 4.008 0.548 

 
Table 5 shows the estimated values and test results of the parameters of the ARIMA (4,1,2) 
model. The significance level is set to 0.05. The p-values of the t-statistics of the model are all 
less than 0.05, that is, the parameters are valid. Fitting is effective. 
 

Table 5. ARIMA (4,1,2) model parameter table 
Variable Coefficient Std.Error t-Statistic  Prob 

C 0.645 0.124 5.199 0.000 
AR(1) 2.062 0.071 29.034 0.000 
AR(2) -2.161 0.142 -15.196 0.000 
AR(3) 1.416 0.129 10.923 0.000 
AR(4) -0.405 0.057 -7.092 0.000 
MA(1) -0.369 0.075 -4.936 0.000 
MA(2) 0.824 0.055 14.962 0.000 

3.6. Model Prediction  
The trend values of the samples 2020.12, 2021.01, and 2021.02 predicted by the model ARIMA 
(4, 1, 2) are 160.05, 161.43, and 162.85, respectively. The actual trend term values are 160.15, 
161.66, and 163.19, and the errors are 0.1, 0.23, and 0.34, respectively. The results are relatively 
similar, and the increasing error is also in line with the common-sense assumption of error 
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accumulation, which proves that ARIMA (4, 1, 2) has a high degree of credibility, and the 
extraction of the trend term also has a certain impact on the value. Therefore, in general, the 
model The fitting ability is better. 

4. Conclusion 

Through the above calculation and analysis, it can be known that the ARIMA model has a good 
fit to the original data, sufficient extraction, and simple prediction formula; the model is simple 
and effective, and the short-term prediction results are accurate. The trend of port container 
throughput predicted by the ARIMA model is more accurate. In general, the ARIMA model is a 
very effective model. Under normal circumstances, the forecast of port container throughput 
can provide references for all parties. 
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