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Abstract - This paper presents a method which uses an artificial neural network (ANN) to forecast international tourism 
demand to Vietnam. In our work, the monthly statistical data between 2005 and 2016 from Vietnam National Administration 
of Tourism were used for training, and the data in 2017 was used for testing. The ANN model used in the study is a 
nonlinear autoregressive neural network where forecasting values are inferred from the previous observed data. Moreover, 
the ANN is investigated into variety of data preprocessing techniques including deseasoning and detrending. To evaluate the 
accuracies, the mean of absolute deviation was considered. The experimental results have shown that the use of the ANN 
with deseasioning gives superior results than the other preprocessing data techniques. 
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I. INTRODUCTION 
 
International tourism plays a vital role in the 
developing of social-economic in Vietnam. In recent 
year, the number of international visitors to Vietnam 
has increased significantly. Therefore, there is a need 
of forecasting the international tourism demand in 
order to facilitate the planners and managers in 
decision making. Besides several conventional 
forecasting approaches, ANNs have been extensively 
applied in forecasting due to forecast errors reduction. 
Zhang et al. [1] described a variety  of the areas in 
which ANNs have been implemented in forecasting 
as well as the methodology utilized. The authors 
noted that there are many inconsistent reports on the 
performance of ANNs in forecasting as compare to 
the widely-used conventional forecasting methods. A 
large number of factors including network structure, 
training method, and sample data may influent on the 
performance of the network. Farway and Chatfield 
[2] compared the technique of neural network 
forecasting with the traditional forecasting methods 
applied to the airline industry. The traditional 
approaches included moving average, exponential 
smoothing and regression. Their results illustrated 
how the most basic neural network could outperform 
the conventional forecasting techniques. Zhang [3] 
proposed a combination of the linear ARIMA and the 
nonlinear ANN model in time series forecasting. The 
empirical results indicated that the hybrid model 
takes advantage of the unique strength of each 
component model. Besides, Zhang et al. [4] described 
the application of neural networks in seasonal and 
trend time series. The effectiveness of data 
preprocessing, in terms of deseasoning and 
detrending, was investigated. The results indicated 
that without appropriate data preprocessing, the 
forecasting performance of neural networks may 
yield much worse than that of ARIMA models. 
In our previous researches, we have proposed the 
conventional methods including the decomposition 

model, Winters’ exponential smoothing and their 
combination to forecast the international visitors to 
Vietnam. However, these methods require some data 
preprocessing skills and not flexible to the data 
updating. As mentioned above, the ANNs show the 
advantage and flexible response to the variation of 
data. Therefore, this paper focuses on the designing 
of an ANN so that it can satisfy the requirements of 
forecasting. 
In the paper, we assume that readers have some basic 
knowledge on ANN, detrending and deseasoning 
knowledge, and statistical data analysis. For the 
details, the ones can refer to the references. 
 
II. RESEARCH METHODOLOGY 
 
In our method, the nonlinear autoregressive neural 
network is used to forecast the future values based on 
the current and past observed values. This is a time 
series prediction model. Assuming a future value at 
the time t is predicted from a series of n-length ones 
including the current observed datum at the time (t-1) 
and (n-1) past data, the model can be described in Eq. 
(1), 
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where yt is the future forecasting value at the time t,  
is estimated coefficients, t is the error describing the 
difference between the predicted value and the 
putative actual, or target value. 
 
An ANN model used to predict the time series in Eq. 
(1) is depicted in Fig. 1. In the model, there are n 
input neurons x1, x2, …, xn and one output neuron O. 
The output neural gives the forcasting value yt. The 
input neural xi get the value of previous output at the 
time t-i, or yt-i. The value yt-i is obtained by delaying 
the outputi time-points. Note that yt-1(i=1) is the 
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observed value at current time-point, or the last 
observed value. There are k hidden layers. p and q are 
the examples of the numbers of neurons in the 
corresponding hidden layers. 
Assuming that we have an observed target data,the 
training progress is to find the parameters weights, 
approximate toi, so that the sum of squared 

differences (SSD), or error, between target data and 
the forcasting data is minimum. The updated values 
of can be abtained by using gradient descended 
technique [5]. Then, if we have a new input data (yt-1, 
yt-2, yt-n), the forcasting value ytis calculated by the 
mapping of inputs through the neural network. 

 
III. EXPERIMENTAL RESULTS 
 
1. Data set 
The numbers of international visitors to Vietnam are recorded monthly from the year 2005 to 2017 as shown in 
Table 1. To evaluate the effectiveness of the system, the data from the year 2005 to 2016 (144 months) are used 
for training. The remained samples (12 months of the year 2017) are used for testing. From the data collected, 
trending and seasoning are the two major characteristics. Therefore, the removal of trending and seasoning as 
preprocessing steps may increase the forecasting accuracy. 

 

 
Figure 1: An ANN structure for time series forecasting. x, O, h are input, output and hidden neurons, respectively. D is delay stage 

used to store previous value. 
 
2. Detrending 
Detrending is the problem of removing the trend of data. For a data set, the trending model is to find a linear 
equation 

baxy        (2) 

 
so that the sum of absolute distances from data points to this line is minimum. The values of a and b are 
estimated by regressive algorithm [6]. Then, the set of distances from the original data to the line is detrending 
data source. 
Let xt_dt be a detrending forcasting value at the time t of the detrending model. Then, the forcasting value yt 
(value with trend recovery) at the time t is calculated by Eq. (3). 
 

baxy tt  dt_        (3) 

 

 
Table 1 

Visitors to Vietnam from 2005 to 2017 
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Figure 2: Responses of training samples and forecasting outputs 

 
3. Deseasoning 
Seasoning trend[7] is the variation of data depending 
on a repeated specific time interval. For example, the 
number of tourists usually increases in holidays. To 
remove the trend of season, a deseasoning datum at a 
monthm, xm-ds, is calculated by Eq. (4) 
 

mmmds xx SI/  (4) 

 
where xm is original datum, SIm is season index of the 
month m. 
The season index SI is calculated from moving 
average and central moving average value [7]. 
 
Let xt_ds be a deseasoning forecastingvalue at the time 
t(t is month in our research) of the deseasoning 
model. Then, the forecasting value yt at the time t is 
calculated by Eq. (5). 
 

mdstt xy SI._  (5) 

 
4. Experiments 
In our experiments, the original data, the data with 
detrending, and with deseasoning were used for 
investigating the effectiveness of the ANN. For the 
detrending and deseasoning data techniqies, the data 
are detrended and deseasoned first. Then, these data 
are used for training the ANN. In the testing phase, 
the new input data are also removed the trend or 
season as presented in Section 1 and 2. Finally, 
forecasting values are recovered the trending or 
seasoning characteristics by Eq. (3) and (5), 
respectively. Then, the forecasting values are 
compared with the target values (observed values) for 
investigating the effectiveness. The standard for 

evaluation is based on the mean of absolute deviation 
between the forecasting and the target values. The 
mean of absolute deviation (MAD)is calculated by 
Eq. (6), 
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where ypred and ytarget are forecasting and target values 
respectively; N is the number of test samples. 
Because our data is small, we designed the structure 
of neural network as the following: The number of 
hidden layer is 1.The number of hidden neurons is 2; 
the number of delayed stage, or the number of input 
neurons x, is 36. This means that a forecasting value 
is inferred from the 36 previous months. 
 
RESULTS AND DISCUSSION 
 
The forecasting values of three kinds of data 
including the original, detrending and deseasoning 
data are shown in Fig. 2, and the mean of absolute 
deviation are presented in Table 2. 
In the figure,the red line shows the target. The black-
dot and black-solid lines are long-term and short-time 
forecasting values using original data. The green-dot 
and green-solid lines depict the long-term and short-
term predictive values using detrending data. Finally, 
blue-dot and blue-solid lines are long-term and short-
term forecasting using deseasoning approach. The 
long-term forecasting means that the period of the 
next 12 months are predicted from previous 36 
months. Meanwhile, the short-term forecasting is 
calculated monthly in which each predicted value is 
inferred from previous 36 ones. 
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Technique Long-term Short-time 

Original data 213800.0 118446.3 
Detrending 247739.3 160350.9 

Deseasoning 180870.2 82750.1 
Table 2 

MADs using original, detrending and deseasoning data for 
training the ANN 

 
From the figure, it can be obviously seen that the 
ANN with deseasoning give the best one. Also, the 
short-term prediction is better than long-term 
prediction. This is because the error of a previous 
month is accumulated to the next prediction phase. 
From Table 2, it is apparently shown that the 
deseasioning approach gain the best value in which 
MAD is minimal for both long-term and short-term. 
In addition, the short-term forecasting value is better 
than that of long-term. In the best case of short-term 
forecasting, the method using deseasoning data 
reduces the mean absolute percent error (MAPE) to 
the value of 7.84%. This means that it can achieve the 
accuracy of 92.16%. 
 
It is noted that the training process may be over-
fitting due to the limitation of the data. If we increase 
the number of neurons in hidden layer, the system 
rapidly achieve the error of zero in training phase. 
Then, the forecasting values become worse. 
Therefore, an appropriate number of neurons in 
hidden layer helps improve the prediction accuracy. 
In our case, the number of hidden neurons is 2. 
 
 

CONCLUSION 
 
We have proposed a model which uses the nonlinear 
autoregressive neural network for forecasting the 
future demand of visitors to Vietnam from observed 
values. In the model, original and the data with the 
removal of the trend and season were experimented. 
The experiments have shown that the use of ANN 
with a data deseasoning gives superior results than 
the other techniques. 
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