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a b s t r a c t

Since accurate forecasting of tourist arrivals is very important for planning for potential tourism demand
and improving the tourism infrastructure, various tourist arrivals forecasting methods have been devel-
oped. The purpose of this study is to apply the adaptive network-based fuzzy inference system (ANFIS)
model to forecast the tourist arrivals to Taiwan and demonstrate the forecasting performance of this
model. Based on the mean absolute percentage errors and statistical results, we can see that the ANFIS
model has better forecasting performance than the fuzzy time series model, grey forecasting model
and Markov residual modified model. Thus, the ANFIS model is a promising alternative for forecasting
the tourist arrivals. We also use the ANFIS model to forecast the monthly tourist arrivals to Taiwan from
Japan, Hong Kong and Macao, and the United States.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The tourism industry has grown rapidly over the past few dec-
ades. Due to the perishable nature of the tourism industry, the
need for accurate forecasts is crucial. Both the public non-profit
government sectors and the private profit companies are inter-
ested in finding an accurate forecasting technique to make opera-
tional, tactical and strategic decisions. Companies can, using the
results from this forecasting technique, plan for potential tourism
demand successfully and invest in tourism related facilities and
equipments sufficiently, and government sectors can play a signif-
icant role in maintaining and improving tourism infrastructure.
Therefore, various forecasting methods have been developed. They
include exponential smoothing (Cho, 2003), ARIMA (Cho, 2003;
Chu, 1998; Goh & Law, 2002; Lim & McAleer, 2002), vector autore-
gressive (Song & Witt, 2006; Wong, Song, & Chon, 2006), neural
networks (Chen & Wang, 2007; Cho, 2003; Law, 2000; Law & Au,
1999), fuzzy time series (Wang, 2004; Wang & Hsu, 2008), grey
model (Hsu & Wen, 1998; Wang, 2004), econometric (Hiemstra &
Wong, 2002; Smeral, Witt, & Witt, 1992; Song & Witt, 2000; Witt
& Martin, 1987), regression-based model (Chan, 1993; Crouch,
Schultz, & Valerio, 1992; Kulendran & Witt, 2001) and genetic algo-
rithm (Chen & Wang, 2007; Hernández-López & Cáceres-Hernán-
dez, 2007; Hernández-López, 2004; Hurley, Moutinho, & Witt,
1998). But we can not find any paper adopting an adaptive net-

work-based fuzzy inference system, referred to as ANFIS (Jang,
1993), to forecast tourist arrivals. So, the purpose of this paper is
to fill this gap, and we also try to compare the results with those
of other models and use the ANFIS model to forecast the monthly
tourist arrivals to Taiwan from the top three markets.

In this paper, the data used were from the Tourism Bureau of
Republic of China (ROC), and, for comparison, the annual tourist
arrivals to Taiwan from the three markets: Hong Kong, the United
States and Germany from 1989 to 2003 were considered. But,
according to the numbers of tourist arrivals to Taiwan, we apply
the ANFIS to forecast the monthly tourist arrivals to Taiwan from
the top three markets: Japan, Hong Kong and Macao, and the Uni-
ted States.

The rest of this paper is organized as follows: Section 2 intro-
duces the architecture and the hybrid learning algorithm of an AN-
FIS with a simple illustration. Section 3 compares the forecasting
accuracy for the different models. Section 4 presents the applica-
tion of the ANFIS to forecast the monthly tourist arrivals to Taiwan
from Japan, Hong Kong and Macao, and the United States. The last
section contains some concluding remarks.

2. Adaptive network-based fuzzy inference system

An ANFIS (Jang, 1993) can help us find the mapping relation be-
tween the input and output data through hybrid learning to deter-
mine the optimal distribution of membership functions. Five layers
are used to construct this inference system. Each layer contains
several nodes described by the node function. Adaptive nodes, de-
noted by squares, represent the parameter sets that are adjustable
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in these nodes, whereas fixed nodes, denoted by circles, represent
the parameter sets that are fixed in the system. The output data
from the nodes in the previous layers will be the input in the pres-
ent layer.

To illustrate the procedures of an ANFIS, for simplicity, we con-
sider only two inputs x; y and one output fout in this system. The
framework of ANFIS is shown in Fig. 1, and the node function in
each layer is described below.

Layer 1: Every node in this layer is an adaptive node with node
function as:

O1;i ¼ lAi
ðxÞ; for i ¼ 1;2 ð1Þ

O1;i ¼ lBi�2
ðyÞ; for i ¼ 3;4 ð2Þ

where xðor yÞ is the input of the node, Aiðor BjÞ is the lin-
guistic label, lðxÞðor lðyÞÞ is the membership function,
usually adopting bell shape with maximum and minimum
equal to 1 and 0, respectively, as follows:

lðxÞ ¼ 1

1þ x�ci
ai

� �2bi
ð3Þ

or

lðxÞ ¼ exp � x� ci

ai

� �2
( )

ð4Þ

where fai; bi; cig is the parameter set. As the values of
these parameters change, the bell shaped functions vary
accordingly. The parameters in this layer are named pre-
mise parameters.

Layer 2: Every node in this layer is a fixed node, marked by a cir-
cle and labeled

Q
, with the node function to be multi-

plied by input signals to serve as output signal

O2;i ¼ lAi
ðxÞ � lBi

ðyÞ ¼ xi for i ¼ 1;2 ð5Þ

The output signal xi represents the firing strength of a
rule.

Layer 3: Every node in this layer is a fixed node, marked by a cir-
cle and labeled N, with the node function to normalize
the firing strength by calculating the ratio of the ith node
firing strength to the sum of all rules’ firing strength.

O3;i ¼
xiP
xi
¼ xi

x1 þx2
¼ �xi for i ¼ 1;2 ð6Þ

Layer 4: Every node in this layer is an adaptive node, marked by a
square, with node function

O4;i ¼ �xi � fi for i ¼ 1;2 ð7Þ

where f1 and f2 are the fuzzy if-then rules as follows:

Rule 1: if x is A1 and y is B1 then f1 ¼ p1xþ q1yþ r1

Rule 2: if x is A2 and y is B2 then f2 ¼ p2xþ q2yþ r2

and where fpi; qi; rig is the parameters set, referred to as
the consequent parameters.

Layer 5: Every node in this layer is a fixed node, marked by a cir-
cle and labeled R, with node function to compute the
overall output by

O5 ¼
X

i

�xi � fi ¼ fout ð8Þ

As mentioned above, an ANFIS is a multilayer feedforward net-
work in which each node performs a node function on incoming
signals as well as a set of parameters belonging to this node. Sup-
pose that the given training data set has n entries. We define the
overall error measure by

E ¼
Xn

i¼1

Ei ¼
Xn

i¼1

ðTi � foutiÞ2 ð9Þ

where Ei is the error measure for the ith entry of the given training
data set, Ti is the desired output of the ith entry and fouti is the out-
put of the ANFIS using the ith entry.

From the architecture of the ANFIS, we know that if the premise
parameters fai; bi; cig are fixed, the output fouti of the whole system
will be a linear combination of the consequent parameters
fpi; qi; rig as follows:

fout ¼
X

�xi � fi ¼ �x1 � f1 þ �x2 � f2 ¼ �x1ðp1xþ q1yþ r1Þ
þ �x2ðp2xþ q2yþ r2Þ ¼ ð �x1xÞp1 þ ð �x1yÞq1 þ �x1r1

þ ð �x2xÞp2 þ ð �x2yÞq2 þ �x2r2 ð10Þ

Let matrices

f ¼

fout1

fout2

�
�
�
foutn

2666666664

3777777775
; h ¼

p1

q1

r1

p2

q2

r2

2666666664

3777777775
; and

B ¼

�x1x1 �x1y1 �x1 �x2x1 �x2y1 �x2

�x1x2 �x1y2 �x1 �x2x2 �x2y2 �x2

� � � � � �
� � � � � �
� � � � � �
�x1xn �x1yn �x1 �x2xn �x2yn �x2

2666666664

3777777775
ð11Þ

Then, Eq. (10) can be expressed in matrix form as

f ¼ Bh ð12Þ

∑

∏

∏

1ω

2ω

1ϖ

2ϖ

11 fϖ

22 fϖ
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Fig. 1. The framework of an ANFIS.
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