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ABSTRACT 

Focusing on tourist decisions on time use and expenditure, this study develops a copula-
based multivariate survival model to capture the interdependency between these two 
behaviours. In order to represent heterogeneity in tourist decisions, this study further applies 
latent class modelling to simultaneously incorporate different distributions and different 
dependence structures of time use and expenditure. An empirical analysis is carried out 
based on data obtained in Tottori prefecture, Japan, in 2007. Estimation results confirm the 
effectiveness of the suggested model from both model performance and applicability 
viewpoints. The results show that types of dependence structures between time use and 
expenditure vary among latent classes. Further, the copula parameters reveal that time use 
and expenditure are significantly related to each other only in the normal copula-type latent 
class. 
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INTRODUCTION 

Increased disposable income and leisure time, the development of transport and 
accommodation, and expanding economies have contributed to an increase in travel. Thus, 
tourism has become a highly popular leisure activity as well as a powerful and diverse 
industry directly associated with the growth and economic vitality of most regions. The 
tourism industry has major economic effects because it prompts wide-ranging travel 
consumption, including trip preparation, transportation, accommodation, and meal expenses. 
Actually, according to an estimate by the Japan Travel Bureau Foundation, tour agencies’ 
travel sales amounted to around 6,000 billion yen in 2010. The Ministry of Land, 
Infrastructure, Transport and Tourism estimated travel consumption at 22.1 trillion yen, the 
job creation effect at 2.11 million people, and the employment inducement effect at 4.06 
million people in fiscal 2009. The term employment inducement effect in this text refers to job 
creation effect plus ripple effect. These effects produce an economic ripple effect (production 
ripple effect + value-added inducing effect) amounting to 72.9 trillion yen. Thus, since tourism 
stimulates a wide range of consumption-related industries, it has the potential to create not 
only direct but also spillover economic effects, such as the production ripple effect and job 
creation effect. In addition, because the tourism industry can cash in on foreign demand, it 
has a great potential to contribute to economic revitalization in certain areas. In particular, 
rural tourism has attracted increasing attention in the context of multiple objectives, such as 
sustainable rural development and diversification of the rural economy. A resolvable 
understanding of tourist behaviour is now required to make effective policies to address 
these issues. 
Meanwhile, people’s scope of activity has expanded greatly in space and time as a result of 
the popularization of private vehicles and improvement of road maintenance. That is to say, 
the area of people’s activities remained limited when the principal means of transit was 
walking, cycling, or public transportation, severely constrained by time and location. However, 
with the popularization of the less-constrained private vehicle, people can now expand their 
range of activities by choosing destinations across a wide space and fixing their schedule 
within the available time, reflecting individual preferences. The popularization of private 
vehicles plays an important role in tourism behaviour as well. Specifically, tourists can 
choose the time and space freely without being bound to public transport schedules and 
routes. Thus, hours spent and visual experiences savoured in tourist spots increase, leading 
to tourism demand diversification and, in turn, to tourist behaviour heterogeneity. Many 
researchers have emphasized the need to understand differences and similarities in 
individual behaviour and response patterns (Woodside et al., 1987; Cosenza and Davis, 
1981; Lawson, 1991; Spoots and Mahoney, 1991; Berdychevsky et al., 2012). One objective 
of this study is to represent individual heterogeneity in the context of tourist behaviour. 
It has long been recognised that the behaviour of tourists includes a number of decisions 
taken before and after their leaving home (Dellaert et al., 1998, Woodside and Dubelaar, 
2002; Mak et al., 2012). These decisions relate to destination choice, travel party, duration, 
transportation, route choices, accommodation choice, time use, expenditure, attractions, and 
other holiday activities, and among other factors, affect their subsequent choices and 
behaviours. These are usually interrelated and show temporal and spatial variations (Spoots 
and Mahoney, 1991). Such interdependency implies that a tourism policy or marketing 
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activity proposed to influence one aspect of tourist behaviour might intentionally or 
unintentionally affect other aspects as well.  Existing studies usually modelled one aspects of 
behaviour using other aspects as the explanatory variables. However, it is not able to 
observe the cause and effect relationship among the aspects. Therefore, existing tourist 
behaviour studies, which assume false cause and effect relationship among behavioural 
elements, may cause tourist behaviour to be misunderstood. In other words, tourist decisions 
should be dealt with in an integrated way for a proper evaluation of tourism policies and 
marketing activities. 
The purpose of this study is to develop a new model representing tourist behaviour. The 
uniqueness of the study is that two behavioural elements are taken into account: 
interdependency of tourist decisions and individual heterogeneity across the sample set. This 
study develops a copula-based multivariate survival (CMS) model to consider the 
interdependency of tourist decisions, especially those on time use and expenditure, which 
are some of the most important factors for tourism policy making and marketing (Bull, 1995; 
Dellaert et al., 1998; Decrop and Snelders, 2004). Moreover, because tourism preferences 
are not homogeneous among individuals, we model heterogeneity according to the latent 
class approach, assuming that tourist behaviour is substantially heterogeneous, and apply 
the suggested CMS model. A copula is a function that allows us to combine pre-specified 
univariate marginal distributions to obtain a multivariate joint distribution with the help of a 
limited number of dependency parameters in a more flexible way and at low computational 
cost (Nelsen, 2006). The effectiveness of a copula approach has been recognized and 
applied in the transportation field for a decade (Spissu et al., 2009; Bhat and Eluru, 2009, 
Kuwano et al., 2011; Zhang et al., 2012). Spissu et al. (2009) formulated a joint model of 
vehicle type choice and vehicle usage using copula-based joint discrete-continuous model 
systems, and found the suggested model is superior to a conventional joint discrete-
continuous model. Bhat and Sener (2009) proposed a spatial dependence model based on a 
copula function to consider the dependence between the logistic error terms of different 
observational units.  
We develop a CMS and a latent class copula-based multivariate survival (LC-CMS) model in 
the next section. In subsequent sections, the survey procedures used and data collected are 
presented, the model estimation is described, and the results are discussed. Finally, the 
conclusions are presented, and future research issues proposed. 
 

MODEL DEVELOPMENT 

Survival models, also kwon as duration models or hazard models, have been extensively 
used in other research fields such as econometrics, biostatistics, medical sciences, and 
industrial engineering. They are also used in studies to explain tourists’ time use (Gokovali et 
al., 2007; Martinez-Garcia and Raya, 2008; Barros and Machado, 2010; Raya, 2012).  For 
example, Barros and Machado (2010) analyse the length of stay of tourists in the Algarve, on 
the southern coast of Portugal. Several survival models is used such as the Cox as the semi-
parametric survival model, the Weibull survival model and Weibull with heterogeneity. 
Martinez-Garcia and Raya (2008) applied survival models to analyse low-cost tourists’ length 
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of stay in Spain, using two model specifications: the Cox and log-logistics models. Gokvali et 
al. (2007) analysed the length of stay of tourists in Bodrum, Turkey with the Cox and Weibull 
survival models. 
In this section, we first formulate a univariate survival duration model to analyse time use, t  
(i.e. total length of stay), and expenditure, m , at tourist spots. Second, we develop a copula-

based multivariate survival model to simultaneously examine the variables. Then, we 
describe an LC-CMS model incorporating heterogeneous distributions. 

A Univariate Survival Duration Model 

In a duration model, time T  is a continuous random variable. It measures the duration of 
staying in some state. Examples are time use and expenditure in tourist spots, considered in 
this study. 
Suppose that T  has a continuous probability density function )(tf , where t is the realization 

of T . The distribution function )(tF  gives the probability that failure time is less than or equal 

to t : 
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The hazard function can be written as a function of the distribution function )(tF  and the 

corresponding density function )(tf  of the variable t . 
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Another important construct in hazard-based models is the survivor function )(tS , which 

gives the probability of survival up to t . It is related to the distribution function as follows: 
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If the hazard is known, the survivor function can be found through 
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Then, the density function of t  is expressed by 
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If the distribution )(tf  is known, then )(tS  and )(th can be uniquely derived. A number of 

distributions have been proposed and examined in previous studies—the Exponential, 
Weibull, Gamma, Log-logistic, and Log-normal, for example. This study applies the Weibull 
distribution, the density function of which is shown as follows: 
 

 )exp(exp)exp()( 1 XtXttf r                     (7) 

 
where  and   are unknown parameters that can be estimated by using the maximum 

likelihood method, and X  is the vector of covariates (independent variables). 
 

The Copula-Based Multivariate Survival Duration Model 

Copulas 

Let T  and M  be two random variables with marginal distribution functions )(tF T

 and 

)(mF M , respectively, and let C  be a bi-dimensional copula. Then, the function 

))(),(( mFtFC MT
 is a cumulative distribution function. Thus, copula functions are used to re-

define joint distributions using the given margins. For any pair of scalar random variables 
),( MT  with a distribution function F , there exists a copula function C  such that 
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The copula function C  is unique if the marginal distribution functions )(tFT  and )(mF M  are 

continuous. Here,   is a dependency parameter, which simultaneously characterizes the 

dependency between )(tFT  and )(mF M . 

One can also define copula densities in the same way as one defines probability densities. 
Let the distribution of ),( MT  be continuous. The differentiated form of Sklar’s theorem splits 

the joint density of T  and M , ),( mtf , into the product of marginal densities )(tf T  and 

)(mf M , and the copula density vuvuCvuc  /),(),( 2
  becomes 
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Because )(tFT
 and )(mF M  have uniform distributions, ),( vuc  is the density of 

))(),(( mFtF MT  at ),( vu  as well as the conditional density of )(dF D  at point v  given uTFt )( . 

To estimate unknown parameters, the following log-likelihood function is adopted: 
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Copulas themselves can be generated in different ways, including the method of inversion, 
the geometric method, and the algebraic method. A rich set of copula functions have been 
generated using these methods. In this paper, we consider one of the simplest forms of 
these copulas, the Archimedean copula, which is useful for bivariate data. Archimedean 
copulas have been widely used because of their mathematical tractability. The Archimedean 
class is rich and, as a result, does not seem to be very restrictive. Nelsen (2006) gives a 
detailed description of copula models. From the Archimedean class especially, we will pick 
up Gumbel, Clayton, and Frank copulas, which present several desired properties. Moreover, 
the normal copula, which is identical with the multivariate normal distribution and has been 
used in many previous studies, is also used as a candidate distribution. We will then select 
the best copula based on a goodness-of-fit index. 
 
1) Normal copula (multivariate normal distribution): 

))(),((),( 11
2 vuvuC     

           
 (11a) 

2) Gumbel copula: 
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3) Clayton copula: 
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4) Frank copula: 












 

)exp(1

)]exp(1)][exp(1[
1ln),( 1





vu

vuC
  

(11d) 

 
where   represents the dependence parameter,  indicates the standard normal distribution 

function, 1  is the functional inverse of  , and 2  is the bivariate standardized normal 

distribution function with correlation  . 

Multivariate Survival Duration Model 

In this paper, copula-based models are used to capture and explore the dependencies 
between time use and expenditure in tourist spots. For a pair ),( MT  ( T : time use, M : 

expenditure) with a joint distribution function F , the joint survival function is given by 
],[),( mMtTPmtS  . The margins of S  are ),( tS  and ),( mS  , which are univariate 

survival functions of )(tS T  and )(mS M , respectively. 

Here, Let X  and Y  be continuous random variables with copula TMC . Let both  and   be 

strictly decreasing on Ran T  and Ran M , respectively. Then, 
 

)1,1(1),()()( vuCvuvuC TMMT  .   (12) 

 
Using equation (12) and the copula function (9), the joint survival function ),( mtS  is given as 

follows: 
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where function Ĉ  is a survival copula of T  and M . 

The joint distribution formed shown above is used to derive the joint time use and 
expenditure data. 

Applying Latent Class Modelling 

We model heterogeneity in individual tourist behaviour using the latent class approach, which 
is known to provide an attractive platform for modelling unobserved heterogeneity. Thus, we 
were able to find two more groups that show differences in the sensitivities to choice 
probability. In the latent class approach, ikQ , the latent class membership probability that 
individual i belongs to latent class k  ( Kk ...,,2,1 ), with a specific tourist behaviour 

mechanism, is first specified. The likelihood of individual behaviour contingent upon different 
tourist behaviour mechanisms is weighted by membership probabilities. 
Membership probability may be influenced by various factors. Generally speaking, socio-
demographic variables are adopted to represent such probabilities in the existing literature 
(Bucklin and Gupta 1992; Gupta and Chintagunta 1994). Moreover, various functional forms 
have been proposed to represent membership probability. This study adopts the most 
convenient form, the multinomial logit-type function (Zenor and Srivastava 1993; Swait and 
Sweeney 2000) and defines the latent class membership probability in equation (14). 
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where kq  is the parameter, kqD represents the explanatory variables of individuals and 

households, and q  denotes an item in the explanatory variables. 

In order to estimate the probabilities, it is necessary to set the parameters kq  to zero for a 

pre-specified latent class K (a reference latent class), which can be any candidate latent 
class. Under the latent class modelling framework, each class has the same form of 
likelihood for the copula-based multivariate survival model as shown in equation (10). To 
differentiate from equation (10), the likelihood kiL |  of

 
latent class k  is rewritten in equation 

(15). Then, the individual logarithm likelihood function can be defined by summing up the 
products of class membership probability ( ikQ ) and class likelihood for the copula-based 

multivariate survival model over all classes. This is summarized in equation (16). 
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where kiL |  is the likelihood of households in latent class k . 

 

DATA 

In order to examine the effectiveness of the proposed model, we applied a questionnaire 
survey data set collected in Tottori prefecture, Japan, in 2007. Tottori prefecture, located 
along the Sea of Japan, is the least populous prefecture in Japan. It is famous for its sand 
dunes, beautiful beaches, a variety of seasonal scenery, hot springs, and seafood. The 
number of tourists was 17.545 million in 2011, a 6.9% decline from 2010. 
The questionnaire was designed to collect detailed touring activity information from tourists. 
We asked participants to respond to questions on tourist sites visited, departure and arrival 
time, money spent at each site, travel mode, and so on. In total, 6,585 questionnaires were 
randomly distributed among tourists at major attractions and tourist information offices in the 
four seasons of 2007. Only 761 respondents returned the questionnaires with valid answers. 
Survey results showed that 56% of the tourists were day trippers, while 44% stayed for one 
or more nights in Tottori prefecture. In this study, we focused only on day trippers. To use 
data from those who were not day trippers requires another behavioural choice: whether to 
stay another night or not. This is beyond the scope of this study. With the above data 
screening, we were left with valid data from 349 day trippers for this analysis. The 
questionnaire asked respondents to report time use (unit: minutes) and expenditure (unit: 
Japanese yen) at each single tourist site. To estimate the models, the information collected 
with respect to each tourist site had to be aggregated, which means the stay time and 
expenditure were obtained by summing the time and money spent at all sites visited on a 
tour. 
Figure 1 shows sample distributions related to individual characteristics of participants. Some 
respondents are under 29 years, and both male and female participants are in almost the 
same proportion. Most are residents of Tottori prefecture, followed by Hyogo, Okayama, and 
Osaka prefectures. This means 43% of respondents represent tourists from inside the 
prefecture. Figure 2 illustrates the sample distribution of behavioural attributes. About 78% 
travel by car, and more than 90% travel with somebody. The average number of visiting sites 
is 7.21, and more than 20% of the respondents visit 10 or more sites in a day trip. 
Figures 3 and 4 show the sample distribution of time use and expenditure, respectively. 
Average time use is 3.44 hours, and most time use durations are 3 hours and less than 30 
minutes. On the other hand, as shown in figure 5, average expenditure is 14,346 yen, and 
around 40% of respondents spend from 6,001 to 12,000 yen. 
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Figure 5 shows a scatter diagram of time use and expenditure. The correlation coefficient 
between time use and expenditure is 0.224. The results show a weak correlation between 
the two behavioural elements for the entire sample. 
 

 

 

Figure 1 – Sample distribution (Individual characteristics) 

 
 

 
Figure 2 – Sample distribution (behavioural attributes) 

 
 

 
Figure 3 – Distribution of time use 
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Figure 4 – Distribution of expenditure 
 
 

 
Figure 5 – Scatter diagram of time use and expenditure 

 

MODEL ESTIMATION 

Performance of the Suggested Model 

Our first step was to identify a suitable model that can factor in both interdependency and 
independence between time use and expenditure. The Bayesian information criterion (BIC) 
index, which is one of the goodness-of-fit indices of a statistical model, was used to select 
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candidate models. The BIC index includes a penalty term for the number of parameters in 
the model, which is larger than that of the Akaike information criterion (AIC). Therefore, BIC 
prefers a model with fewer parameters than AIC does. The BIC is defined as follows: 
 

)ln(5.0)ln( NpLcBIC            (17) 
 
where )ln(Lc  is the log-likelihood of estimation at convergence, p  is the number of 
parameters, and N  is the number of observations. 
This study examined four types of copula functions: normal, Gumbel, Clayton, and Frank. 
BIC values are tabulated for both an ordinary model and the proposed model (see table 1). 
The BIC values of the proposed CMS models are lower than that of the ordinary model, 
which assumed independence between time use and expenditure. The results show the 
effectiveness of the proposed model. Moreover, a comparison of the CMS models’ BIC 
values indicated that the Frank copula model provides the best goodness of fit, followed by 
the Gumbel, normal, and Clayton copula models. 
 
Table 1 – Comparisons of BIC values 

Copula type BIC 

Normal copula 2199.50 
Gumbel copula 2196.54 
Clayton copula 2214.36 
Frank copula 2192.77 

Without copula (conventional model) 2218.89 
 
In the second model estimation step, we examine, using the latent class approach, how 
effective the model is in considering heterogeneity. In this approach, the number of classes is 
determined by several trials. The candidate models are estimated under the given number of 
latent classes; then a suitable model is chosen based on the goodness of fit. In this study, 
three latent classes were used. However, we could not observe the third latent class, which 
means two latent classes are good enough for this case study. 
We tabulated BIC values with two latent class models. Here, different copula functions were 
applied for each latent class. The BIC value of the model with the combination of normal 
copula for latent class 1 and Clayton copula for latent class 2 is the lowest across all trials. 
Moreover, the BIC value is higher than that of the CMS model without latent class in table 1. 
It is also found that the interdependency structure of the Frank copula with the homogeneity 
assumption is represented by a combination of two other copula types. 
 

Table 2 – Comparison of BIC (LC-CMS) 

Copula type 
Latent class 2 

Normal Gumbel Clayton Frank 

Latent 
cla

ss 1 

Normal 2301.18 2312.35 2297.78 2309.60 

Gumbel － 2297.96 2313.50 2298.24 

Clayton － － 2314.46 2308.44 

Frank － － － 2309.88 
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Table 3 compares expected stay time and expenditure for each model. From the comparison, 
the model accuracy of LS-CMS, with an observed stay time of 3.44 hours and expenditure of 
14,346 yen, is the highest. Based on the above discussion, the estimated model provides 
empirical evidence for the effectiveness of the LS-CMS model in terms of both goodness of 
fit and model accuracy. Therefore, the LS-CMS model with the heterogeneity assumption 
should be considered for tourist behaviour analysis, including interdependency between stay 
time and expenditure. 
 
Table 3 – Comparison of model accuracy 

  
Expected time 
use 

Expected 
expenditure 

Observed value 3.44 14,346 

Without copula (conventional model) 3.29 (4.3%) 12,697 (11.5%) 

CMS model (with Frank copula) 3.31 (3.6%) 12,813 (10.6%) 

LS-CMS model (with normal and Clayton copulas) 3.45 (0.36%) 13,442 (6.3%) 
Note: Within parentheses are percentages of error from observed values. 

 

Estimation Results of the LC-CMS Model 

The estimation results of the LC-CMS model, which provides the highest goodness of fit, are 
shown in table 4. 
Note that one of the membership probabilities should be set to zero for identification 
purposes. In this study, the membership probability of latent class 2 is set to zero. According 
to the estimation results of membership probability, the parameters of male dummy and 
access time within each destination are positive. Therefore, males as well as tourists who 
visit a number of spots tend to belong to latent class 1. 
The estimation results of copula parameters show a positive interdependence between stay 
time and expenditure, since the normal copula parameter is statistically significant and 
positive in latent class 1. This result indicates that expenditure increases with stay time, and 
the value of the interdependency parameter is higher than 0.224, which is the correlation 
coefficient between time use and expenditure of all samples as mentioned in figure 3. On the 
other hand, the copula parameter is not statistically significant in latent class 2, which means 
this class does not have interdependency between stay time and expenditure. As mentioned 
in the previous subsection, the Frank copula shows the highest goodness of fit in the CMS 
model without heterogeneity. Dependence structure in the tails of the Frank copula tends to 
be relatively weak compared to the normal copula, and the strongest dependence is centred 
in the middle of the distribution, which suggests that the Frank is most appropriate for data 
that exhibit weak tail dependence. However, with the heterogeneity assumption based on the 
latent class model, the interdependency structure is represented by a combination of the 
normal copula with relatively high correlation and the Clayton copula with poor correlation. 
The results indicate that ignoring heterogeneity leads to a misunderstanding of the 
interdependency structure and the strength of the association. 
In reference to the parameters in the survival function related to time use in latent class 1, 
the parameters for age and residential location are negative, and the parameters for size of 
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travel party and access time within each destination are positive. Therefore, older individuals 
as well as visitors from a long distance and longer travel time within destinations are 
associated with a longer stay at the destination. The parameters for the survival function of 
expenditure in latent class 1, age, size of travel party, travel model dummy, and access time 
within each destination, are significantly positive. Therefore, older individuals, visitors with a 
companion, visitors by train, and visitors who visit a number of spots tend to spend more 
money than others. However, both parameters in the survival function, stay time and 
expenditure, are less significant in latent class 2. 
Figures 6 and 7 illustrate the probability density projection for time use and expenditure, 
respectively. The highest probability is observed with a time use of about 3.0 hours and an 
expenditure of about 1,000 yen, while the expected time use estimated by the model is 3.58 
hours and the expenditure 13,949 yen, in latent class 1. On the other hand, in latent class 2, 
the highest probability is observed at about 2.0 hours and 3,500 yen, while the expected time 
use and expenditure are 3.26 hours and 12,709 yen, respectively. It is clear that the 
probability density distributions of time use and expenditure in latent class 1 are significantly 
different from those in latent class 2. Thus, heterogeneity is particularly influential on time 
use and expenditure. 
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Table 4 – Estimation results of the LC-CMS model 
 Latent class 1 Latent class 2 

Explanatory variables Parameter   Parameter   

Effects on latent membership probability
Male dummy 0.527 *   
Size of travel party (no. of members) -0.065     
Access time from home to first destination 

(minutes) 
-0.203     

Access time within each destination (minutes) 0.647 **   
Constant term -1.001 *   

Interdependency between stay time and expenditure
Copula type Normal copula Clayton copula 
Copula parameter 0.320 ** 0.082  

Stay time 
Geometry parameter 0.067 ** 0.284 * 
Scale parameter 1.998 ** 1.575 ** 
Age -0.090 + 0.001  
Size of travel party (no. of members) 0.125 ** 0.080  
Residential location dummy (Tottori:1, other: 0) -0.253 + -0.019  
Access time from home to first destination 

(minutes) 
-0.072   -0.012  

Access time within each destination (minutes) 0.067 ** 0.192 * 

Expenditure 
Geometry parameter 6.399 ** 7.140  
Scale parameter 1.572 ** 1.219 ** 
Age 0.176 ** 0.135  
Size of travel party (no. of member) 0.379 ** 0.304 ** 
Travel mode dummy (rail: 1, other: 0) 1.325 ** 1.366  
Access time within each destination (minutes) 0.127 ** 0.167 * 
Residential location dummy (Tottori:1, other: 0) 0.053   0.349  

Probability of belonging to the class 0.591  0.409  

Converged log-likelihood L(β) -1046.43  
BIC 2297.78 

Note: **significant at the 1% level, *significant at the 10% level 
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Figure 6 – Scatter diagram of time use and expenditure 

 
 

 
Figure 7 – Scatter diagram of time use and expenditure 

 

CONCLUSIONS 

Considering that tourist decisions jointly influence various behaviours, finding modelling 
methods that can deal with them in a consistent way has become necessary. Moreover, with 
the spread of private vehicles, the behaviour of tourists in destinations has become 
increasingly diverse since they can modify their activities to suit their preferences. Therefore, 
developing an analytical approach to jointly consider diverse tourist behaviours and individual 
heterogeneity could have various implications for credible and balanced policy-making 
decisions. We developed an integrated model to jointly represent time use and expenditure 
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behaviour at destinations as well as individual heterogeneity. Our most important contribution 
to the tourism literature is that the copula and latent class approaches are jointly introduced 
and empirically examined. Copulas are functions that integrate multivariate distribution 
functions with their one-dimensional margins by introducing a limited number of dependency 
parameters, where the one-dimensional margins are not necessarily the same. Furthermore, 
because tourists are expected to have different preferences, this study applied the latent 
class approach to explain heterogeneity. 
Data collected from tourists (one-day trippers: 349 respondents) visiting Tottori prefecture, 
Japan, in 2007 were used to confirm the effectiveness of the LC-CMS model developed. The 
effectiveness of the suggested model in this study has been confirmed empirically from the 
perspectives of both model goodness of fit and accuracy. The estimation results of 
membership probabilities clarified the existence of two groups with different time use and 
expenditure types. The first group of tourists, mostly male, visit more tourist sites and spend 
relatively longer time and more money at the destination. Furthermore, this group shows 
interdependency between time use and expenditure, which means the higher the 
expenditure, the greater the time use. Moreover, their time use and expenditure behaviour 
could be described by explanatory variables defined in this study since they are statistically 
significant for time use and expenditure survival functions. The other group spends relatively 
shorter time and less money in tourist sites. This group shows poor correlation between time 
use and expenditure, which means they decide their behaviour independently. Further, 
representing their behaviour with the explanatory variables we used is difficult. These results 
empirically confirm that ignoring interdependency and heterogeneity could lead to biased 
estimates of tourism behaviour. Moreover, from the perspective of an analytical method, 
while this study only focuses on two behavioural elements and two latent classes, it shows 
that the suggested model can flexibly represent multi-dimensional decision-making 
mechanisms and multi-peak distributions. 
There are still some unresolved issues. First, although this study proposed an LS-CMS 
model, the explanatory variables were constrained by limited information from the 
questionnaire survey. Therefore, we failed to describe the behaviour of latent class 2 fully, 
which means the variables are less significant. Second, policy variables were not included in 
the model as explanatory variables. We need to continue our investigation and collect further 
data to obtain a closer estimate of tourist behaviour in order to assist policy making in a more 
comprehensive way. Third, we need to clarify how to extend the developed model to 
simultaneously represent more behavioural aspects, such as destination choice, travel mode 
choice, and activity participation choice. Since tourist behaviour usually involves group 
decisions, it is worth applying the copula modelling approach to represent intra-participant 
interaction. Because these behaviours are multi-dimensional, copula models could be 
expected to play increasingly important roles in explaining complicated decisions. 
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