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Abstract 
In order to study the general law and future trend of the development of airport take-off 
and landing volume, a sparrow search algorithm (SAA) is constructed to optimize the 
triple exponential smoothing (Holt-Winters) forecasting method of airport take-off and 
landing volume. With the help of SAA, this method can realize the optimal judgment of 
smooth coefficient. Taking 48 sets of take-off and landing volumes of Shijiazhuang 
Airport as an example, the established model is verified and compared with the 
traditional triple exponential smoothing method and the classic time series ARIMA 
model. The average absolute percentage error and the weighted average absolute error 
percentage are used as the prediction performance evaluation indicators. The results 
show that, the airport take-off and landing volume prediction model based on SAA 
optimization Holt-Winters has higher accuracy and validity. 
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1. Introduction 

With the rapid development of China's economic construction and the continuous expansion of 
foreign exchanges, the flight volume of civil aviation has grown rapidly[1].Civil transport airport 
take-off and landing sorties are important indicators reflecting the development of the air traffic 
control industry. Only by accurately predicting the growth trend and characteristics of take-off and 
landing sorties can a scientific and reasonable future development plan be made. Therefore, accurate 
prediction of airport take-off and landing volume is the current one of the key problems to be solved 
by the aviation industry. 

Scholars at home and abroad have used time series models to forecast different objects, and have 
achieved some results. Zhu Jiayue et al. used ARIMA model and grey prediction model to predict the 
passenger throughput of Chengdu Shuangliu Airport , and the results proved that the combined model 
has higher prediction accuracy[2]; Li Lisha used the domestic passenger traffic volume as the original 
sequence, and used the ARIMA model to predict the passenger traffic volume[3]; Dantas et al. 
combined Bagging and Holt Winters model to forecast air transport demand, and compared with 
benchmark methods such as SARIMA and Holt Winters, the results showed that the prediction 
accuracy was improved[4]; Shi Yongsheng et al. used the cubic exponential smoothing method to 
build a coefficient self-adjusting prediction model, and used the improved particle swarm algorithm 
to dynamically adjust the static coefficients in the search space[5]; Guo Zaijin et al. established 
SARIMA and Holt-Winters to predict the incidence of tuberculosis in Jiangsu Province, and found 
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that the SARIMA model had better prediction effect[6]; Shu Fuhua used traditional exponential 
smoothing method and metabolic exponential smoothing method to predict tea production in China 
respectively[7]; Liu C X et al. proposed an adaptive migration strategy for virtual machines based on 
improved exponential smoothing prediction, which uses a combination of dual thresholds and 
prediction[8].  

To sum up, it can be seen that the time series prediction model has been applied in various fields 
through optimization and improvement. This article takes the prediction of airport take-off and 
landing volume as the research object, and uses the triple exponential smoothing method to carry out 
the prediction research, in which the smoothing coefficient is the key factor to determine the 
prediction accuracy, while the previous traditional model has no essential reference basis. Therefore, 
this article proposes a prediction model that uses the sparrow search algorithm to obtain the best 
smoothing coefficient, which can provide a high-precision prediction method for airport take-off and 
landing volume for the civil aviation industry. 

2. Prediction Model of Triple Exponential Smoothing based on Sparrow Search 
Algorithm 

2.1 Exponential Smoothing 

Exponential smoothing[9]-[11]was proposed by Brown (Robert G..Brown) for short-term and 
medium-term development trend forecasting. The principle is: the exponential smoothing value of 
any period is the weighted average of the actual observation value of the current period and the 
exponential smoothing value of the previous period. According to the different smoothing times, the 
exponential smoothing method is divided into one exponential smoothing method, two exponential 
smoothing method and three exponential smoothing method, etc. Generally, the more smoothing 
times, the smoother the predicted value, and the appropriate smoothing times need to be selected 
according to the characteristics of the sample. The basic formula for exponential smoothing is: 

 

1 1y (1 )t t tx y                                            (1) 

 

where 1tx  is the actual observed value at time 1t  , 1ty  is the predicted value at time 1t  , ty is the 

predicted value at time t ,  and 1  are the weights (0 1)  .  is also known as the smoothing 

coefficient, and the value of   mainly reflects the degree of influence of the original value and the 
recent value on the forecast data. The larger the value of  , the greater the influence of the recent 
value on the current forecast value; otherwise, the smaller it is. 

The first-order exponential smoothing method is suitable for sequences without obvious numerical 
fluctuations; for numerical series with linear trends but no seasonal requirements, the quadratic 
exponential smoothing method can be used; and for data series with obvious trend changes and 
seasonal requirements, the triple exponential smoothing method is used. This article is based on the 
research of airport take-off and landing volume. Because of its obvious trend change and seasonal 
requirements, the three-time exponential smoothing method is used to establish the prediction model. 

2.2 Triple Exponential Smoothing 

The triple exponential smoothing method[12]-[13] (Holt-Winters) is essentially the third exponential 
smoothing based on the second exponential smoothing value. Its main purpose is to solve the most 
suitable smoothing coefficient and establish a better prediction model. The formula of the triple 
exponential smoothing method is as follows: 
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Among them, 1
t t tS S S（ ） （2） （3）、 、 represents the first, second, and third smoothed values at time t , and 

ty  is the acquired time series data. The model formula for predicting the value of m periods in the 
future is: 
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Among them, ta , tb , tc  is the prediction parameter of the t period. 

2.3 Sparrow Search Algorithm 

Sparrow Search Algorithm[14]-[15][16][17] (Sparrow Search Algorithm, SSA) was proposed in 
2020. It is a swarm intelligence optimization algorithm based on sparrow foraging skills and risk 
avoidance behavior. Its main rules are as follows: 

The discoverer is generally an individual with a high energy reserve, that is, a high fitness value, and 
its main responsibility is to find an area with abundant resources and notify all other participants of 
its direction information. Alerters generally account for 10% to 20% of the total number of groups. 
When a predator is discovered by the alerter, the alerter will issue an alarm signal to other partners 
by tweeting. When the signal value is higher than the safe value, it will be sent by the finder leads the 
joiner to another safe location. As the main force of foraging, the identity of the group of discoverers 
is not fixed, but is dynamically exchanged with the identity of the joiners, but the proportion of 
discoverers to the overall size of the population is fixed. Joiners with lower fitness are in poorer 
foraging positions in the population. In the process of searching for food, the joiners can find the 
finder with stronger ability to search for food. When the danger of arrest exists, sparrows on the 
border of the flock will move closer to the safe range, while sparrows in the middle of the flock will 
move directionlessly to get close to other sparrows.  

1) During the iterative process, the position of the finder is updated as follows: 
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                         (4) 

 

In the formula, t is the current number of iterations, and , ( )i jX t  represents the position information 

of the i  sparrow of the t -th generation in the current j  dimension.   is a random number in the 

interval [0,1], 2 [0,1]R   is a warning value, [0.5,1]ST  is a safe value,Q is a random number 
obeying a Gaussian distribution, and L  is a matrix with all elements 1 and shape 1 d . When 
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2R ST , the early warning value is less than the safe value, the surrounding environment is safe, and 

a wide range of foraging behaviors can be carried out; when 2R ST , the early warning value is 
greater than the safe value, when the alerter finds the predator, the sparrow issues an alarm, and the 
group immediately move to the safe area. 

2) The location of the joiner is updated as follows: 
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Where bestX  represents the current global optimal position, worstX represents the current global worst 

position, A  is a matrix with elements 1 or -1 and shape 1 d , and T T 1= ( )A A AA  . When it is 
/ 2i n , the i -th joiner with a lower fitness value has not obtained food and is in a very hungry state. 

At this time, he needs to fly to other places for food to obtain more energy. 

3) The position of the vigilante is updated as follows: 
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In the formula,   is the step size control parameter, which is a random number obeying the standard 
normal distribution, K  is the step size and direction control parameter, which is a random number 
in the interval [-1, 1], and if  is the fitness of the current individual , gf  and wf  are the best and 
worst fitness values in the current population, respectively, and e is a very small constant. When the 
time is i gf f , the sparrows in the population are located at the edge position with a high probability 

of being attacked by predators; when the time is i gf f , the sparrows perceive the danger signal, 
and in order not to be caught by the predators, the individuals in the middle of the population begin 
to approach other sparrows around. 

2.4 Algorithm Flow 

For the triple exponential smoothing method, the average absolute percentage error between the 
predicted value and the actual value of the take-off and fall is used as the fitness function for 
optimization. The algorithm flow of SSA optimization Holt-Winters is shown in Figure 1. 

The specific steps of the algorithm are as follows: 

1) Select 48 groups of data from the existing data and 1
1 1 1S S S（ ） （2） （3）、 、 initialize them ; 

2) Set parameters such as population size, variable dimension, maximum number of iterations, upper 
and lower bounds of search space, proportion of predators and joiners; 

3) According to formula (1) , (2) , (3) , build Holt-Winters model; 

4) Calculate the fitness value of each individual and sort them; 

5)Update the location information of the finder in the sparrow population according to formula (4); 

6)Update the location information of the joiners in the sparrow population according to formula (5); 
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7) Randomly select the guards, and update the position information of guards in the sparrow 
population according to formula (6); 

8) Calculate the fitness of the current population and update the current optimal sparrow position 
optimization model; 

9) Determine whether the current model satisfies the set termination condition, if so, go to the next 
step, otherwise, continue to step 4 ) ; 

10) Output the optimization result of SSA , and input the optimal smoothing coefficient into step 3) 
until all prediction results are obtained. 

 

 
Fig. 1 Flow chart of Holt-Winters algorithm for SAA optimization 

3. Case Analysis 

3.1 Example Verification 

In order to verify the reliability and advantages of the Holt-Winters prediction model method based 
on SAA optimization established in this article, a total of 48 sets of data were selected for the monthly 
take-off and landing of Shijiazhuang Airport from 2017 to 2020 for analysis. For the convenience of 
listing, the months are sorted and numbered, and some data are listed in Table 1. 
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Table 1. Partial data of monthly airport take-off and landing sorties from 2017 to 2020 

Numb
er 

Takeoffs and landings / 
sorties 

Numb
er 

Takeoffs and landings / 
sorties 

Numb
er 

Takeoffs and landings / 
sorties 

1 5041 7 7383 13 7330 

2 5663 8 7641 14 6916 

3 6016 9 6847 15 7570 

4 5972 10 7100 16 7120 

5 5937 11 7029 17 6983 

6 5909 12 7557 18 6822 

 

According to the established mathematical model, the monthly take-off and landing movements from 
2017 to 2020 are substituted into the model for verification, and this method is compared with the 
traditional triple exponential smoothing method and the classical time series ARIMA forecasting 
method. In order to improve the rationality of the value of the smoothing coefficient of the traditional 
algorithm, several experiments and reasoning were carried out, and it was found that the   
prediction accuracy was higher when the value range was 0.3 . 

The time series forecasting model mainly includes exponential smoothing model and differential 
autoregressive moving average model. In order to verify the most suitable forecasting method for the 
data in this article, the fixed value  = 0.3 is used to compare with the improved method and ARIMA 
forecasting method. The fitting curve is shown in Figure 2 . shown. 

 

 
Figure 2. Comparison of the improved method and other methods 

3.2 Predictive Effect Analysis 

From the above fitting curve, it can be seen that the smoothing coefficient of the improved algorithm 
is better than the other two models in the prediction of airport take-off and landing volume. In order 
to further demonstrate the advantages of the prediction model established in this article, it is further 
verified. According to the optimal smoothing coefficient obtained above, 48 sets of data for take-off 
and landing sorties are predicted, and part of the prediction comparison results are shown in Table 2, 
and the error comparison is shown in Figure 3, and then the average absolute percentage errors 
generated by these algorithms are calculated. and the weighted average absolute error percentage , 
and the comparison results are shown in Table 3. 
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Table 2. Comparison of partial prediction results of three model methods 

Number Actual value SSA-Holt Winters Traditional model ARIMA 

37 6560 6930.238 6469.740 8231.455 

38 1860 4902.143 2077.423 8333.651 

39 2736 4035.686 1158.723 8407.621 

40 3602 3862.211 1876.367 8439.933 

41 5278 4428.527 3986.296 8473.189 

42 5930 5029.116 5638.579 8507.180 

43 6470 5605.470 6842.499 8698.779 

44 7069 6190.882 7806.848 8688.333 

45 7047 6533.329 8047.459 8701.837 

46 7365 6865.997 8261.497 8750.686 

47 7029 6931.198 7884.658 8798.733 

48 7429 7130.319 7944.194 8846.158 

 

 
Figure 3. Error comparison of three model methods 

 

Table 3. Comparison of performance indicators of different models 

Method MAPE WMAPE 

SSA-Holt Winters 2.13% 0.01 

Traditional Holt Winters model 6.00% 0.05 

ARIMA 28.27% 0.17 

 

Through the above example verification, it can be concluded that the triple exponential smoothing 
prediction model based on the sparrow search algorithm proposed in this article adopts the SAA 
algorithm to find the optimal smoothing coefficient corresponding to the minimum error to predict 
the airport take-off and landing volume. The traditional model and the classic time series ARIMA 
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model are higher and closer to the true value. By calculating the mean absolute percentage error and 
the weighted mean absolute error percentage, the two performance indicators are smaller than the 
other two models. Therefore, it can be seen that the model method constructed in this article has 
certain advantages in the prediction of take-off and landing volume. 

4. Conclusion 

This article proposes a prediction model of airport take-off and landing volume based on SAA 
optimization Holt-Winters and verified by taking Shijiazhuang Airport's take-off and landing volume 
forecast as an example. The example analysis shows that the improved triple exponential smoothing 
method can improve the prediction accuracy to a certain extent, which can provide support for 
airlines' capacity deployment and other work, and at the same time provide a reference for future 
airport planning and construction. Follow-up research can increase the take-off and landing volume 
data, and further study the take-off and landing volume forecast of civil transport airports under the 
influence of the domestic epidemic situation in combination with the impact of the epidemic in recent 
years. 
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