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 Abstract 
 This research note contributes to tourism demand research by incorporating time-

varying volatility in the modeling of tourism demand for the US travelers to Singapore. The 

impacts of the severe acute respiratory syndrome (SARS) epidemic in the Asian countries 

and September 11, 2001 attack on the US tourism demand to Singapore are also assessed. 

The results indicate that both SARS and September 11 attack had negative effects on 

inbound tourists from the US. The empirical results show that the GARCH model fits the 

data better than the GARCH-M model in modeling symmetric conditional volatility 

models.  The model suggests that improving economic performance in the US will 

encourage more visitors from the US. However, both increase in the hotel room rate in 

Singapore and appreciation of the US dollars discourage visitors from the US.  

 Keywords: International tourists from the US; time-varying volatility; Singapore. 

 

 

 Introduction 

Time-varying volatility is an important concept in finance. Higher frequency 
financial data, for instance daily returns of assets, tend to have higher volatility in certain 
periods than others. Furthermore, periods of higher volatility also tend to be followed by 
periods of low volatility, and vice versa. Therefore, homoskedasticity assumption in the 
classical econometric analysis has been violated (Engle, 2001). To capture time-varying 
volatility in time series data, models are developed by Engle (1982), Bollerslev (1986), 
Nelson (1991) and others. Engle (1982) presents the first time-varying volatility model, 
autoregressive conditional heteroskedasticity (ARCH) model. Bollerslev (1986) extends the 
ARCH model of Engle (1982) to overcome the limitations of the ARCH model. The 
extended model is called generalized autoregressive conditional heteroskedasticity 
(GARCH) model.   The model of Nelson (1991) allows for asymmetries in volatility. Wang 
(2002, p. 35) has suggested that data availability and strong empirical research interest in 
finance have fostered the development of methods in modeling time-varying volatility. 
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Although the existence of time-varying volatility in high frequency time series data 
is recognized, the use of time-varying volatility models in the area of tourism is still 
limited. In our view, limited use of time-varying volatility models in tourism research is 
caused by non-availability of higher frequency tourism related data, such as daily or weekly 
data.  However, in the recent years, a number of researchers have used these methods in 
tourism research with monthly data (see, Shareef and McAleer, 2007; Coshall, 2009; 
Divino and McAleer, 2010). 

Recognizing that there have been very few applications of time-varying volatility 
models in tourism research, this research note tries to incorporate time-varying volatility 
into the modeling of the US demand for international tourism to Singapore.  We have 
selected Singapore as the destination country because a) the tourism industry of Singapore 
contributes approximately 3% to the country’s GDP and is one of the largest services 
sectors in the economy (http://app.mti.gov.sg/default.asp?id=375); b) with total land area of 
707 km2 and total population of 4.839 million, Singapore attracted approximately 10.116 
million international visitors in 2008; and, c) Singapore ended with tourism receipts of 
S$15.2 billion in 2008. These data are sourced from Singapore Tourism Board Annual 
Report 2008/2009 (http://app.stb.gov.sg/asp/abo/abo0910.asp) and ASEAN stats 
(http://www.aseansec.org/22122.htm).  

Table 1 shows the number of tourist arrivals to Singapore from the main source 
countries, excluding Asian countries. Singapore had attracted at least 100 000 visitors from 
each of the countries listed in Table 1.  Among these source countries, the number of 
visitors from the US was ranked 3rd in 2008. It was also ranked tenth among all the main 
source countries, including Asian countries (STB, 2009). Although the US contributed only 
3.92 % to total visitor arrivals in 2008, it contributed significantly, approximately 13.76% 
to total tourist arrivals, excluding those from Asian countries. Visitors from the US had 
contributed S$630 million to Singapore’s total tourism receipts. Please refer Table 2 for 
further detail. In terms of tourism receipts, the US was in the 8th position in 2008. In terms 
of per person expenditure, the US was ranked 4th.  Recognizing the importance and 
contribution of international visitors from the US to Singapore’s tourism industry, this 
research note focuses on the factors influencing this group of visitors. 
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Table 1: Top 6 Visitor Arrivals Generating Markets, Excluding Asian Countries: 2008 

Source: Singapore Tourism Board 
(http://app.stb.gov.sg/Data/tou/typea/type1/2008/16/2008vas.pdf). Accessed on 27 October 
2009. 
 

Table 2: Top 10 Tourism Receipts Generating Markets: 2008 
 
Country Total Receipts (S$m) Per Capita Expenditure 

(S$) 
Indonesia 2 600.1 1 141 

China 1 357.6 978 

India 1 226.0 1 234 

Australia 1 023.4 755 

Philippines 752.8 1 595 

Japan 738.1 856 

UK 681.7 923 

USA 630.4 1 162 

Malaysia 607.9 644 

Thailand 552.5 1 372 

Source: Annual Report on Tourism Statistics 2008 
https://www.stbtrc.com.sg/images/links/X1Annual_Report_on_Tourism_Statistics_2008.pd
f 

 
This study contributes to tourism demand research by a) incorporating time-varying 

volatility in modeling tourism demand; b) estimating a standard regression model in the 
mean equation, instead of modeling an ARIMA model which is commonly used in the 
existing tourism research (see Coshall, 2009; Divino and McAleer, 2010); and c) assessing 
the impacts of the severe acute respiratory syndrome (SARS) epidemic in the Asian 
countries and September 11, 2001 attack on the US tourism demand to Singapore. Song et 
al. (2009, p. 1) have emphasized that tourism demand is the foundation for tourism related 
decision making processes because the success of different components in the tourism 

Country USA France Germany UK 
Australi
a 

New 
Zealand Total 

Excluding 
Asia 

Visitor 
Arrivals 396 618 

111 
196 175 277 492 928 833 146 110 772 

1 0115 
638 2 881 596 

Rank 3 5 4 2 1 6 - - 

% of 
Total 3.9208 1.0992 1.7327 4.8729 8.2362 1.0951 - - 

% of 
Excluding 
Asia 13.7638 3.8588 6.0826 17.1061 28.9127 3.8441 - - 
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industry depends either totally or partially on the state of tourism demand. This suggests 
that the accuracy of forecasts is important because the government and operators in the 
tourism industry of a destination use these forecasts in the planning for the future. 
Therefore, an understanding of the key determinants of demand for tourism from a key 
source country is crucial in the process of making a forecast. Since there are more than one 
approach can be used in the modeling of demand for tourism and there are many factors can 
influence the demand, the mentioned 3 contributions provide a framework to the modeling 
of tourism demand while capturing the underlying influences. Based on the results of the 
models, the government and operators will understand the impacts of terrorist attacks and 
occurrences of diseases on the demand from a source country so that necessary actions can 
be taken to recoup the potential adverse effects from such activities. 

 The remainder of the paper is organized as follows. Next two sections describe the 
data sources, present the econometric methodology, and analyze the empirical findings. 
Finally, concluding remarks are given in the last section. 
 

 Methodology 

The frequency of the data used in this study is monthly. The sample period is from 
January 1985 to June 2009. The dependent variable used in this study is the monthly tourist 
arrivals data to Singapore from the US (TOUR). Standard average hotel room rate 
(ROOM), exchange rate-Singapore dollar per US dollar (EX) and the index of industrial 
production of US (USIP) are used as the independent variables. ROOM and TOUR are 
taken from the Singapore Tourism Board (STB). USIP is downloaded from the Federal of 
Reserve (http://www.federalreserve.gov/datadownload/). To analyze the effects of SARS 
and September 11, 2001 attack on the US, we have created 2 dummy variables: SARS and 
SEPT.  Since World Health Organization provides the summary of probable SARS cases 
with onset of illness from 1 November 2002 to 31 July 2003 
(http://www.who.int/csr/sars/country/table2004_04_21/en/index.html), the dummy 
variable, SARS, takes only a value equal to 1 in the mentioned period and 0 otherwise. The 
dummy variable, SEPT, takes a value equal to 1 in the month of September 2001.   

Firstly, we model international tourism demand from the US to Singapore with 
ordinary least squares (OLS). This demand function is presented by the below equation: 

TOURt=β0+ β’Xt+ut      (i) 

where β is a vector of parameters and X is a vector of possible independent variables. 
Different combinations of independent variables will be used to identify the appropriate 
model. Furthermore, the presence of an ARCH effect is tested for each of the estimated 
OLS models with the following equation: 

    (ii) 
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where  is the residual at time t obtained from equation (i). To investigate for the ARCH 

effect of order p, ARCH(p),  the null hypothesis of  is tested.  In 

this study, the value of p is set at 8 because we have used monthly data. The rejection of 
this null hypothesis suggests that an ARCH effect is present.  

Even if an ARCH effect is present, to capture this time-varying volatility, we do not 
use the ARCH model proposed by Engle (1982) because with the evidence of an ARCH 
effect at p=8 the ARCH model will not be parsimonious in this study.  To obtain a more 
parsimonious model, the GARCH model proposed by Bollerslev (1986) is used.  2 stages 
are used in the GARCH modeling. In the first stage, the mean equation is specified. In the 
second stage, the conditional variance equation is specified. Most of the studies have 
applied Box and Jenkins (1976) ARIMA method to estimate the mean equation of 
international tourist arrivals (see, Shareef and McAleer, 2007; Coshall, 2009; Divino and 
McAleer, 2010).  In this study, instead of following the convention of estimating the mean 
equation with ARIMA method, we estimate the demand for international travel to 
Singapore from the US as the mean equation.  The general form of GARCH(p, q) model 
used in this study is  

TOURt=β0+ β’Xt+εt      (iii) 

,  where      (iv) 

                        (v)         

where β is a vector of parameters and X is a vector of possible independent variables. Tsay 
(2002, p 95) emphasizes that in practice it is difficult to select the order of a GARCH model 
and generally only lower order GARCH models are used. Since a GARCH(1, 1) model is 
generally used in tourism research (Divino and McAleer, 2010; Chen and Bin, 2001) and 

this model can also approximate an ARCH(∞) model, both p and q are set at 1 in this study.   

Finally, we propose that uncertainty may affect the inbound US tourists to 
Singapore. This proposition can be tested with the following GARCH-M model: 

TOURt=β0+ β’Xt+αlog(ht)+ εt    (vi) 

,  where      (vii) 

                        (viii)         

where β is a vector of parameters and X is a vector of possible independent variables. In 
equation (vi), the natural logarithm of the conditional variance is an independent variable in 
the mean equation.  
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 Results 
 

The results of OLS models are reported in Table 3. The measures of goodness of fit, 
such as Akaike Information Criterion (AIC), Schwarz Criterion (SC), adjusted R2 are also 
reported. Model (1) has 3 independent variables: USIP, ROOM and EX. Only ROOM is 
statistically insignificant even at the 10% significance level. All the independent variables 
have the expected sign, except EX. The negative sign of EX suggests that an appreciation 
of US dollar leads to a decline in the international visitors from the US to Singapore.  
ROOM is dropped in the estimation of model (2). The results of the remaining independent 
variables are very similar to those in model (1). The two dummy variables are added into 
model (1) to estimate model (3). In model (3), ROOM is still statistically insignificant. 
Both dummy variables are statistically significant and have negative sign.  The results 
suggest that the occurrence of SARS and September 11, 2001 attack on the US reduces 
international visitors from the US to Singapore. Model (3) is re-estimated without ROOM 
to obtain model (4). The results of model (4) and model (3) are similar. Although these 
models have statistically significant independent variables, an ARCH effect is indeed 
present in all the models presented in Table 3.  Therefore, a GARCH model has to be used.  

 Table 3: OLS Results of International Tourism Demand From The US to Singapore 
 
 Model 
Variable (1) (2) (3) (4) 

Constant 37098.0500*** 
(3885.4670) 

37051.2400*** 
(2663.6950) 

37043.5900*** 
(3518.3260) 

33769.4800*** 
(2462.7360) 

USIP 165.0126*** 
(14.6874) 

169.0678*** 
(13.6281) 

190.5360*** 
(13.6580) 

190.0139*** 
(12.6944) 

ROOM -0.8859 
(8.8932) 

 -11.7695 
(8.1621) 

 

EX -14659.8700*** 
(1525.5460) 

-14933.2600*** 
(1014.0560) 

-14895.9800*** 
(1381.6080) 

-13922.0300*** 
(933.1506) 

SARS   -8773.3990*** 
(1104.8890) 

-8504.2580*** 
(1072.5340) 

SEPT   -6171.4840* 
(3172.9910) 

-6116.447* 
(3124.3860) 

     

ARCH(8) 124.8951*** 134.8810*** 73.7802*** 72.8517*** 

Adjusted R2 0.7036 0.7592 0.7573 0.7997 

AIC 19.1677 19.1176 18.97466 18.9393 

SC 19.2179 19.1531 19.0498 18.9983 

Standard errors are in the parentheses. 

*, ** and *** denote statistically significant at the 10%, 5% and 1% levels, respectively 
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 Table 4: Estimated Mean and Variance Equations 
 
 Model 
Variable (5) (6) (7) (8) 

 Mean Equation 
Constant 36602.2900*** 

(3460.3540) 
38090.7500*** 
(2890.5530) 

57706.0600*** 
(8614.4620) 

68948.2000*** 
(12146.64) 

USIP 205.0850*** 
(13.9972) 

205.6454*** 
(12.4180) 

224.7490*** 
(14.0283) 

225.6927*** 
(12.3554) 

ROOM -16.1473** 
(7.0551) 

-20.9784*** 
(7.6795) 

-22.5753*** 
(7.3067) 

-23.8990*** 
(6.8945) 

EX -14933.3800*** 
(1373.0210) 

-15463.86*** 
(1043.3170) 

-15434.5800*** 
(1258.4280) 

-15675.3700*** 
(1206.2250) 

SARS  -9854.365*** 
(3221.1260) 

 -8835.685*** 
(940.8906) 

SEPT  -6518.5250*** 
(300.6614) 

 -1968.6990 
(1290.5370) 

Log(GARCH)   -1320.5960** 
(528.4333) 

-2001.2050*** 
(738.2302) 

 Variance Equation 
Constant 4080706.0000*** 

(1441801.0000) 
380945.4000** 
(152174.1000) 

3158392.0000**
* 
(1084315.0000) 

4233514.000*** 
(1285002.000) 

ARCH(1) 0.4181*** 
(0.0835) 

0.0761** 
(0.0334) 

0.3817*** 
(0.0905) 

0.3493*** 
(0.1079) 

GARCH(1) 0.2444 
(0.1675) 

0.8845*** 
(1.43x10-41) 

0.3589*** 
(0.1379) 

0.2083 
(0.1424) 

     

ARCH(8) 6.1367 7.1296 7.6338 15.6913** 

Adjusted R2 0.6863 0.7591 0.7190 0.7564 

AIC 18.9314 18.8416 18.9141 18.8575 

SC 19.0191 18.9544 19.0144 18.9828 

Robust standard errors proposed by Bollerslev and Wooldridge (1992) are in the 
parentheses. 

*, ** and *** denote statistically significant at the 10%, 5% and 1% levels, respectively 

The results of the GARCH model are reported in Table 4. The results are obtained 
from the econometric software package Eviews 6.0 with Marquardt optimization algorithm. 
The robust standard errors proposed by Bollerslev and Wooldridge (1992) are used. Model 
(5) presents the results of a GARCH(1, 1) model without the dummy variables. All 3 
independent variables in the mean equation are statistically significant, but the coefficient 
of GARCH(1) is insignificant. The coefficients of USIP and ROOM have the expected 
sign. However, the sign of the coefficient of EX again indicates that an appreciation of US 
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dollar leads to a decreases in the number of international tourist from the US.  Both SARS 
and SEPT are included in the estimation of model (6). Negative and significant coefficients 
are obtained for the dummy variables. All coefficients in the variance equation are 
significant. The measures of goodness of fit, such as AIC, SC and adjusted R2  improve. 
Model (6) is a better model in comparison to model (5). 

The results of GARCH-M model are also reported in Table 4. Models (7) and (8) 
now specify the natural logarithm of the conditional variance as an independent variable in 
the mean equation. Model (7) is estimated without the dummy variables in the mean 
equation. All variables in the mean equation and the variance equation are statistically 
significant. The independent variables in the mean equation have the signs the same as 
those in model (5). Log(h) is statistically significant and has a negative estimated 
coefficient.  This suggests that increased volatility decreases the number of inbound tourists 
from the US. In comparison to model (6), the measures of goodness of fit actually 
deteriorate. We also estimate the model with both dummy variables in model (8). But, this 
equation is not well-fitting, SEPT is statistically insignificant in the mean equation; the 
coefficient of GARCH(1) term is also not significantly different from 0; and there is an 
ARCH effect in the model.  

 
 Discussion and Conclusion 
 

This research note shows that the modeling of international tourism demand from 
the US to Singapore without incorporating time-varying volatility is inappropriate. A 
GARCH(1, 1) is sufficient to capture the symmetrical time-varying volatility in the time 
series data of the inbound tourists from the US to Singapore.  Due to the length of this 
research note, we do not estimate models which can capture the asymmetry in volatility 
induced by positive and negative shocks. The asymmetry in volatility will be considered in 
the future study. 

The international tourism demand from the US to Singapore is positively related to 
the economic performance of the US, negatively related to the hotel room rates charged in 
Singapore and negatively related to exchange rate. The sign of the coefficient of each 
independent variable is what we expect, except the sign of exchange rate. The negative sign 
of exchange rate measured in Singapore dollar per US dollar suggests that an appreciation 
of the US dollar actually discourages the US travelers to Singapore. As seen in Figure 1, the 
exchange rate of Singapore has been on the appreciating trend against the US dollar, with 
the exception of the period during and immediately after Asian currency crisis.  This 
observation is actually consistent with the exchange rate-based monetary policy adopted by 
the Monetary Authority of Singapore (MAS). MAS allows nominal effective exchange rate 
(NEER) of Singapore dollar to appreciate to keep inflation low and to remain consistent 
with the underlying fundamental of the economy, such as rapid economic growth (MAS, 
2001).  The appreciation of NEER of Singapore dollar actually leads to appreciation of 
Singapore dollar against the US dollar as the US is one of the main trading partners of 
Singapore. The appreciation of Singapore dollar against the US dollar is a reflection of the 
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high economic development of Singapore (MAS, 2001). Many international visitors know 
about Singapore because of its impressive economic growth (Lee, 2008). Singapore is a 
small island-state with very few natural attractions. Most of its attractions are man-made, 
for instance, Sentosa Island and Chinese Garden.  Rapid economic growth is required to 
provide resources to add new attractions and to upgrade and maintain existing attractions. 
These two reasons may explain why the depreciation of the US dollar actually attracts more 
US tourists to Singapore. We also find evidence to support the occurrence of September 11 
attack on the US and SARS actually discourage the US travelers to the US. 

 

   Figure 1: Singapore dollar per US dollar 

1.2

1.4

1.6

1.8

2.0

2.2

2.4

86 88 90 92 94 96 98 00 02 04 06 08

Time

S
in

g
a

p
o
re

 d
o
ll
a
r 

p
e
r 

U
S

 d
o
ll
a
r

 

 References 

 Bollerslev, T. (1986). Generalized Autoregressive Conditional Heteroskedasticity. 
Journal of Econometrics, 31(3), 307-327.  

 Bollerslev, T. and Wooldridge, J. M. (1992). Quasi-Maximum Likelihood 
Estimation and Inference in Dynamic Models With Time Varying Covariances. 
Econometric Reviews, 11(2), 143–172. 
 Box, G. E. P., and Jenkins, G. M. (1976). Time Series Analysis: Forecasting and 

Control (2nd ed.). San Francisco, CA: Holden Day. 



Lee, JTTR- Spring/Fall 2010 

 37 

 Chen, D. H. and Bin, F. B. (2001). Effects of Legislation Events on US Gaming 
Stock Returns and Market Turnings. Tourism Management, 22(5), 539-549. 

 Coshall, J. T. (2009). Combining Volatility and Smoothing Forecasts of UK 
Demand for International Tourism. Tourism Management, 30(4), 495-511. 

 Divino, J. A. and McAleer, M. (2010). Modelling and Forecasting Daily 
International Mass Tourism to Peru. Tourism Management, 31(6), 846-854. 

 Engle, R. F. (1982). Autoregressive Conditional Heteroscedasticity With Estimates 
of The Variance of United Kingdom Inflation. Econometrica, 50(4), 987-1007.  

 Engle, R. F. (2001). GARCH 101: The Use of ARCH/GARCH Models in Applied 
Econometrics. Journal of Economic Perspectives, 15( 4), 157-168. 

 Lee, C. G. (2008). Tourism and Economic Growth: The Case of Singapore. 
Regional and Sectoral Economic Studies, 8(1), 89-98. 

 MAS (2001). Singapore’s Exchange Rate Policy. Singapore: The Monetary 
Authority of Singapore.  

 Nelson, D. B. (1991). Conditional Heteroskedasticity in Asset Returns: A New 
Approach. Econometrica, 59(2), 347-370. 

 Shareef, R., and McAleer, M. (2007). Modelling The Uncertainty in Monthly 
International , Tourist Arrivals to The Maldives. Tourism Management, 28(1), 23-45. 

 Song, H., Witt, S.F., and Li, G. (2009). The Advanced Econometrics of Tourism 

Demand. Routledge: New York. 

 STB (2009). Annual Report on Tourism Statistics 2008. Singapore: Singapore 
Tourism. 

 Tsay, R. S. (2002). Analysis of Financial Time Series. Wiley: New York 

 Wang, P. J. (2002). Financial Econometrics: Methods and Models. Routledge: 
London. 

 

Chew Ging Lee 

Nottingham University Business School 

The University of Nottingham Malaysia Campus 

Jalan Broga, 43500 Semenyih 
Selangor Darul Ehsan, Malaysia 

Lee.Chew-Ging@nottingham.edu.my 


