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Abstract 
Airport passenger throughput is the main production indicator of civil airports, and its 
forecast data is an important reference indicator for making airport construction plans, 
which directly affects whether the project can be built and its construction scale. In order 
to improve the prediction accuracy of airport passenger throughput and better guide the 
planning, construction and development of airports, on the basis of comprehensive 
evaluation of grey GM (1,1) model, exponential smoothing and BP neural network, the 
entropy method is used to divide the The weight of a single model is used to construct a 
combined forecasting model with higher forecasting accuracy. Taking the passenger 
throughput data of Beijing Capital International Airport as an example, the above 
combined model is used to predict the passenger throughput of the airport. The average 
fitting error of the combined model is 2.94%, which has high prediction accuracy and 
can accurately predict the future passenger throughput of the capital airport. 
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1. Introduction 

With the rapid development of China's economy in recent years, people's living standards have 
also improved, and people's choice of travel methods has undergone major changes. The civil 
aviation industry is increasingly favored by people for its advantages of speed, safety and 
comfort. But what follows is the increasing pressure of air passenger transportation, which puts 
forward higher requirements on the operation capacity of civil airports. Airport passenger 
throughput is the main production index of civil airports, and its forecast data is an important 
reference index for making airport construction plans. Therefore, it is of great significance to 
accurately predict airport passenger throughput. 
In recent years, many scholars have adopted different methods to study the problem of 
passenger throughput forecasting. Zhang Qianli used the econometric method to predict the 
passenger throughput of the airport in the next five years by collecting the basic data of the 
passenger throughput of Xiamen Gaoqi International Airport in the past ten years[1]. Wang ting 
ting and others used the grey Markov model to predict the passenger throughput of 
Longdongbao airport, and compared with the traditional GM (1,1) model, it proved that the 
grey Markov prediction model has better prediction accuracy[2]. Li Yuan hui and others 
analyzed the passenger flow data of Sanya airport in the past nine years and found that it has 
the law of trend and season. They constructed and tested Arima prediction model and obtained 
a good fitting effect[3]. Zhang Liang yong and others have built an index system that affects 
Beijing's civil aviation passenger volume from the aspects of economy, tourism and so on, and 
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obtained eight factors that affect Beijing's civil aviation passenger volume. On this basis, they 
have built a BP neural network prediction model. Through continuous training of BP neural 
network, when the hidden layer of BP neural network is 11, the performance of the model is 
the best[4]. Gao Wei and others used entropy method to determine the weight of each impact 
index, combined with BP neural network method to predict the airport passenger throughput, 
and proved that entropy BP method can significantly reduce the error and has high 
reliability[5]. Yang Meng da et al. Constructed a SD-ARIMA composite model, and modeled 
Shanghai Hongqiao Airport with monthly passenger flow data after excluding seasonal trends. 
A better fitting effect is obtained[6]. Daoyue Peng et al. Comprehensively considered multi-
source data such as GDP and resident population, and used multiple linear regression and other 
methods to improve the prediction accuracy[7]. Yuanxun Li et al. Proposed a support vector 
regression machine prediction model based on particle swarm optimization. The prediction 
results show that the model provides higher prediction accuracy[8]. 
Based on the research methods of the above scholars, most of the existing research stages have 
model singleness, insufficient consideration of influencing factors, and large errors. Therefore, 
this paper uses a single model of grey GM (1,1) forecasting, exponential smoothing and BP 
neural network On the basis of comprehensive utilization of the useful information of each 
model, these single forecasting methods are appropriately combined into a combined model for 
forecasting by means of weighting, which reduces the sensitivity of the forecasting results to a 
single forecasting model with a large error degree, which improves the prediction accuracy. 

2. Establishment of a Single Prediction Model 

2.1. Grey GM (1, 1) Model 
Grey forecasting model is a forecasting method that establishes a mathematical model and 
makes forecasts through a small amount of incomplete information, and is an effective tool for 
dealing with small sample forecasting problems. The GM(1,1) model is the most commonly 
used gray forecasting model, and is widely used in various fields of all walks of life. The grey 
GM (1,1) prediction model first generates a new monotonically increasing cumulative sequence 
X(1) by accumulating the accident sequence X(0) (year); secondly, it establishes the mean 
generation sequence, matrix B and vector Y (passenger throughput) , and establish a model 
through mathematical methods such as least square regression and differentiation; finally, the 
predicted value of the original sequence is obtained according to the model. The main steps are 
as follows: 
Take known historical year passenger throughput data as an observation sequence: 
 

              0 0 0 01 , 2 ,...,X x x x n
 

 
Accumulate the observation sequence to generate a first-order accumulation sequence: 
 

              1 1 1 11 , 2 ,...,X x x x n  

 

In the formula:        1 0

1
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Establish the core idea of the model (first-order gray differential model):
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In the formula:   and u  are gray parameters,   called the development gray number, u called 
the endogenous control gray number. 

Construct matrix B and nY : 
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The least squares method solves the gray parameter   and u : 
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2.2. Exponential Smoothing 
The exponential smoothing method is developed on the basis of the moving average method. It 
can eliminate some random fluctuations and find obvious regularities in it. It is suitable for 
repeated forecasts with or without seasonal changes. It is characterized by giving different 
weights to past observations, that is, the weights of recent observations are larger than the 
weights of long-term observations, and it is a commonly used method in production forecasting. 
It is also used for short-term and medium-term economic development trend forecast. Its basic 
formula is as follows: 
 

1·y (1 )t t tS S      

 
In the formula: 

tS  is the smoothed value of passenger throughput at time t; 

yt  is the actual passenger throughput value at time t; 

1tS   is the smoothed value of passenger throughput at time t-1. 

According to the data type of this passenger throughput and after many verifications, the 
quadratic exponential smoothing method with the best experimental effect is selected as the 
final result. The quadratic exponential smoothing method is aimed at the sequence with trend 
but no seasonality, and its formula is as follows: 



Volume 3 Issue 8, 2022 

DOI: 10.6981/FEM.202208_3(8).0007 

56 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
       2 1 2

11t t tS S S      

 
In the formula: 

 2
tS  is the second exponential smoothing value of passenger throughput in year t; 
 1
tS  is the first exponential smoothing value of passenger throughput in year t; 
 2

1tS   is secondary exponential smoothing value of passenger throughput in year t- 1; 
  is weighting factor (also called smoothing factor). 

2.3. BP Neural Network 
Artificial neural network (NN) for short, is based on the basic principle of neural network in 
biology. After understanding and abstracting the structure of the human brain and the response 
mechanism of external stimuli, it uses the knowledge of network topology as the theoretical 
basis to simulate the nervous system of the human brain. A mathematical model of how 
complex information is processed. BP neural network is the most widely used artificial neural 
network model at present. This model has good function approximation ability . Through the 
learning of training samples , it can well reflect the complex relationship between the input and 
output of the research object  Linear relationship[8]. Its structure diagram is shown below. 
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Fig. 1 Structure diagram of BP neural network 

 
The BP neural network model is generally divided into three layers, namely the input layer, the 
middle layer (hidden layer), and the output layer. The basic BP algorithm includes two 
processes of signal forward propagation and error back propagation, that is, the error output 
is calculated in the direction from input to output, while the adjustment of weights and 
thresholds is performed in the direction from output to input. 

In the forward propagation process, the influencing factors  1 2, , nx x x  of the characteristic 
passenger throughput of the input layer are multiplied by the randomly generated weight 
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matrix 1w  plus the sum of the paranoid term 1b , and then input to the hidden layer. The output 
is stimulated by the activation function of the hidden layer, and finally multiplied by the 
randomly generated weight matrix 2w  plus the sum of the paranoid term 2b , and then the 
predicted passenger throughput is obtained by the activation function activation. The specific 
formula is as follows: 
 

1

m

j ij i j
i

y f w x b


 
  

 
  

 
The back-propagation process is a process of continuously updating the matrix weights and 
bias terms by using the gradient descent method, so that the loss function is continuously 
reduced and tends to converge, and finally the most suitable weight value ijw  and bias term 

are obtained jb . 
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Among them, E is the loss function, usually the selection formula is:  
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3. Establishment of a Combined Forecasting Model of Passenger 
Throughput based on Entropy Weight 

Different forecasting models have their own advantages and disadvantages, and they are not 
necessarily mutually exclusive, but may also complement each other. The combined forecasting 
model considers problems more systematically, comprehensively, and more scientifically than 
a single forecasting model, because it can Assign corresponding weights to various single 
models, and combine the information of the prediction results to the maximum extent, which 
not only avoids the waste of effective information, but also reduces the impact of accidental 
factors on the prediction results, so that the prediction results have better accuracy and 
stability. 
At present, domestic scholars have studied the methods of objectively determining the weight 
of the combination model, including the entropy method, the variance -covariance method, the 
correlation coefficient method, and the IOWA method. This paper synthesizes the selected data 
and the scope of application of each method, and finally selects the entropy method to 
determine the weight. The calculation principle is as follows: 
Assuming that there are i single prediction models (i=1,2,...,n), the prediction errors are E1, 
E2,...En, the predicted results are 1 2, , , nf f f , the corresponding weights are 1 2, , , nW W W , and 
the final combined prediction results are: 
 

1 1 2 2 n nf W f W f W f    

 

Entropy method to determine weights jW  Steps: 

Data normalization, for positive indicators ijz : 



Volume 3 Issue 8, 2022 

DOI: 10.6981/FEM.202208_3(8).0007 

58 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 

 
   

min x

max x min x

ij j

ij

j j

x
z





 

 

Calculate the proportion ijp  of the i-th sample under the j-th indicator to this indicator: 
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Calculate the entropy value of the jth index je : 
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Calculate the information utility value of the jth indicator jd : 

 
1j jd e   

 

Calculate the weight of each indicator  1, 2, ,jW j n  : 
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4. Case Analysis 

Taking Beijing Capital International Airport as an example, this paper selects the passenger 
throughput from 2005 to 2019 as the sample data for forecasting. 

4.1. Correlation Analysis 
Airport passenger throughput is constrained by both market demand and civil aviation 
transportation supply. It is closely related to the level of economic development in the region 
where it is located. The increase in residents' income and living standards and the increase in 
idle time will also increase the number of people traveling abroad. These will increase the 
demand for air passenger traffic. Through analysis, this paper believes that the relevant 
indicators that may affect the passenger throughput of the airport include: GDP, permanent 
population, domestic passenger numbers, domestic tourism revenue, added value of the 
tertiary industry, and total retail sales of social consumer goods. 
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Table 1. Statistical data of various indicators in Beijing from 2005 to 2019 
years GDP 

(100 
million 
yuan) 

permanent 
residents 

(Ten 
thousand) 

Domestic 
Passengers 

(100 million 
people) 

domestic 
tourism 
revenue 

(100 million 
yuan) 

The total retail 
sales of social 

consumer goods 
(100 million yuan) 

value-added 
tertiary 
industry 

(100 million 
yuan) 

2005 6969.5 1538.0 12.1 5285.9 5155.5 2911.7 
2006 8117.8 1601.0 13.9 6229.7 6227.7 3295.3 
2007 9846.8 1676.0 16.1 7770.6 7912.8 3835.2 
2008 11115.0 1771.0 17.1 8749.3 9175.1 4645.5 
2009 12153.0 1860.0 19.0 10183.7 10047.7 5387.5 
2010 14113.6 1961.9 21.0 12579.8 11608.1 6340.3 
2011 16251.9 2018.6 26.4 19305.4 13491.0 7222.2 
2012 17801.0 2069.3 29.6 22706.0 15020.3 8123.5 
2013 19500.6 2114.8 32.6 26276.1 16806.5 8872.1 
2014 21330.8 2151.6 36.1 30312.0 18333.9 9638.0 
2015 22968.6 2170.5 39.9 34195.0 20218.9 10338.0 
2016 24899.3 2172.9 44.4 39390.0 22245.7 11005.1 
2017 28000.4 2170.7 50.0 45661.0 24711.7 11575.4 
2018 30320.0 2154.2 55.4 51300.0 27508.1 11747.7 
2019 35371.3 2153.6 60.1 57251.0 29663.4 15063.7 

 
In the following, xi, i =1,2,…,6 represent GDP, permanent population, domestic tourists, 
domestic tourism revenue, added value of the tertiary industry, and total retail sales of social 
consumer goods, respectively. The Pearson correlation coefficient reflects a linear correlation 
coefficient, as shown in Table 2. Through the Pearson correlation coefficient test, it can be seen 
that the correlation coefficient between each indicator and the airport passenger throughput is 
greater than 0.5, and the significance of each indicator is less than 0.01. The indicator is 
significantly correlated with airport passenger throughput. 
 

Table 2. Pearson correlation coefficient between each indicator and airport passenger 
throughput 

  x 1 x 2 x 3 x 4 x 5 x 6 
airport passenger 

Throughput 
Correlation 0.945  0.974  0.934  0.924  0.952  0.959  

salience 0.000  0.000  0.000  0.000  0.000  0.000  

4.2. Analysis of Prediction Results 
(1) Substitute the data into the gray GM (1,1) model, and the fitting degree is 94.56%. 
(2) Substitute the data into the exponential smoothing method, choose 0.2 as the smoothing 
index in the experiment , and use the second exponential smoothing to get the best result , with 
an average relative error of 4.32 %. 
(3) For the BP neural network model, 6 related indicators are used as input, and the passenger 
throughput of the current year is used as output, so the output node is 6, the output layer node 
is 1, and the hidden layer node is obtained from the empirical formula in 4~13 Finally, 11 with 
the highest operational efficiency and the smallest error is selected as the number of nodes 
through trial calculation, and the activation function selects the relu function in tensorflow, 
which has the advantage of solving the problem of gradient descent in other functions, and the 
calculation speed and convergence speed are fast. Finally, the fitting degree is 96.01%. 
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(4) Using the entropy method to calculate the weights of the above three models are: gray 
GM(1,1) model 0.293751259, exponential smoothing method 0.17913957, BP neural network 
0.527109171, and the prediction results obtained by the three methods correspond to the 
corresponding The weights are multiplied to obtain the final combined model prediction 
results and errors as shown in the following table. 
 

Table 3. Error analysis from 2005 to 2019 
years Gray GM(1,1) Model Exponential Smoothing BP neural network Combination model 
2005 0.00% 0.00% 9.24% 4.87% 
2006 15.92% 19.06% 0.99% 0.74% 
2007 10.73% 5.68% 2.77% 0.67% 
2008 11.50% 2.77% 1.33% 4.57% 
2009 0.23% 9.04% 4.99% 4.18% 
2010 6.91% 3.81% 0.60% 3.03% 
2011 8.07% 3.41% 3.55% 3.63% 
2012 7.26% 4.07% 6.50% 4.83% 
2013 4.64% 3.86% 3.33% 1.08% 
2014 2.63% 1.17% 8.46% 3.90% 
2015 2.04% 1.20% 5.23% 1.94% 
2016 1.94% 1.47% 0.51% 0.56% 
2017 1.52% 2.43% 0.89% 1.35% 
2018 1.17% 2.26% 9.13% 4.88% 
2019 7.32% 4.59% 2.29% 4.18% 

mean relative error 5.44% 4.32% 3.99% 2.96 % 

 
Through the analysis of the prediction results and errors of the combined model in the above 
table, compared with the above three single models, the combined model has a higher 
prediction accuracy, and the average relative error is only 2.96 %. 

4.3. Combined Model Prediction Applications 

 
Fig. 2 2005-2019 Capital International Airport and the forecast value of passenger throughput 

in the next five years 
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Due to the impact of the epidemic in 2020, the development of passenger throughput has been 
seriously affected, which is not in line with the long-term development trend. Therefore, 
regardless of the years affected by the epidemic, the forecast will be made from a long-term 
macro perspective. The forecast results of the passenger throughput of Beijing Capital Airport 
in the next five years by the single model and the combined model are shown in the figure below. 
From the above figure, it can be seen that the passenger throughput of the Capital International 
Airport will continue to grow in the next five years, which will bring a data foundation for the 
future traffic diversion work, flight optimization work and airport construction work of Beijing 
Capital International Airport . 

5. Conclusion 

This study takes Capital International Airport as an example analysis object , and forecasts its 
passenger throughput in the next five years through a combined model , which can provide 
important basic data for the feasibility study of the airport's planned reconstruction and 
expansion in the later period , and provide effective allocation of airport resources Reasonable 
basis , at the same time, it can avoid investment waste and repeated investment , can effectively 
improve the operation efficiency of Capital International Airport , improve the level of service 
management, and provide a certain reference value for the strategic decision-making of the 
decision-making level of Capital International Airport. 
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