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Focusing on tourist behavior, this paper develops a nested time use and expenditure behavior model in
the context of multi-destination visit, where a tourist visits one or more destinations. In this case, tourists’
decisions include, 1) whether to visit a destination or not (destination visit decision), and in case of
visiting a destination, 2) how long to stay there (activity time decision), 3) whether to spend any money
there (expenditure decision), and in case of spending any money, 4) how much of money to spend there
(expenditure level decision). To accommodate the above decision-making mechanism with two discrete
and two continuous dependent variables, a nested Tobit modeling technique is first integrated with a
multi-linear utility-maximizing time use and expenditure behavior model, and then a pair copula is
applied to represent the correlated error structure of the above four dependent variables. Pair copula is a
function that can combine different bivariate copulas to represent a joint multivariate distribution, where
variables are sequentially incorporated into conditioning sets with a nested tree structure. As a case study,
the developed model is estimated by comparing three types of canonical vine copulas: Gaussian, FGM
and Frank copulas. First, the model effectiveness is confirmed by using a questionnaire data collected in
the Tottori Prefecture of Japan in 2007. Second, it is revealed that the Frank canonical vine pair copula
model is superior to other models. Third, it is found that the value of activity time varies considerably
with tourists’ origins. Finally, influential factors to time use and expenditure behavior are examined.

Key Words : tourist behavior, time use, expenditure, multi-destination, multi-linear utility, pair copula,
nested Tobit modeling

1. INTRODUCTION

This study deals with tourists’ time use and expenditure behaviors, which have been analyzed in the fields of
transportation and tourism studies, etc (e.g., Pearce, 1988; Becken and Gnoth, 2004; King and Woodside,
2001; Fujiwara and Zhang, 2005; Jang and Ham, 2009; LaMondia, 2010). Analyses of such tourist behavior
could provide useful insights into transportation policies to support tourist destination management,
transportation planning, tourism marketing and so on. Time use is an important indicator to measure people’s
quality of life (e.g., Pentland et al., 1999; Phillips, 2006) and at the same time, it is linked with energy
consumption and the resulting environmental loads caused by tourism activities. It is expected that time use
is influenced by tourism services (including the relevant transportation services) and consequently it can be
used to measure the quality of tourism services. Expenditure spent by tourists is certainly a direct indicator to
measure the effects of tourism policies on economic development. Thus, properly understanding tourists’
time use and expenditure behaviors is important for policy decision makers and has its own practical
rationality.

Behaviorally, within a same destination, decisions on time use and expenditure might be interrelated
(intra-destination interactions), while similar interrelationships might be observed across destinations (inter-
destination interactions). Needless to say, decision on whether to visit a destination or not is the basis for
other successive decisions. However, careful review suggests that little has been done to deal with the above



behavioral phenomenon, except the following two studies conducted by the authors. The first study was done
by Zhang et al. (2009), who represented how a tourist allocates his/her limited time and monetary budgets to
various tourism activities, given that destinations are visited. The second study by Zhang et al. (2012) is an
extension of the first study by explicitly representing activity participation based on the concept of self-
selection. Both of the studies assume that a tourist maximizes his/her utility derived from time and monetary
consumption by using a multi-linear utility function. Using the multi-linear utility function, behavioral
relationships between time use and expenditure can be measured together with the relative importance of
each activity during decision-making processes. The distinction between the first and second studies is that:
the first study represents the influence of behavioral context-sensitivity specified by introducing attribute-
based inter-alternative similarities and spatial closeness between alternatives, whereas the second allows for
whether to take part in activities or not (i.e., activity participation behavior) in the modeling process. The
shortcoming of the second study is that zero consumption of expenditure was treated as a part of continuous
consumption.

The purpose of this study is to propose a new tourist resource allocation model that can simultaneously
resolve the above behavioral issues. In this study, time use and expenditure within a single trip are treated at
the destination level, given that a tourist already decided to visit one or more destinations. The targeted
decision variables include, 1) whether to visit a destination or not (note that the first destination must be
visited), and in case of visiting any destination, 2) how long to stay at destination, 3) whether to spend any
money at destination, and 4) in case of spending any money, how much to spend. The modeling task is how
to jointly represent the above behavioral decisions. Unfortunately, to date, no study has been done in line
with such consideration at least in the context of tourist behavior analysis.

As an initial attempt, this study develops a nested tourist time use and expenditure behavior model with
multi-destination visit by integrating the above multi-linear utility modeling framework and the concept of
pair copula. Pair-copula has a nested structure to accommodate more general dependence structure in joint
distributions, where variables are sequentially incorporated into conditioning sets. An empirical analysis is
further conducted to confirm the effectiveness of the developed model by using a tourist questionnaire data
collected in Tottori Prefecture in 2007.

The rest of this paper is organized as follows. Pair copulas are first briefly described in Section 2 and
tourists’ time use and expenditure behavior model without zero consumption are then illustrated in Section 3.
After that, a time use and expenditure behavior model with zero consumption based on a pair copula is
developed in Section 4. Section 5 describes the data used in this study, and Section 6 discusses the model
estimation results. Finally, Section 7 summarizes the findings together with a discussion about future
research issues.

2. PAIR COPULA
2.1 Basic concepts of copula

Copula is a function that can combine margins to represent a joint multivariate distribution with the help of
dependence parameter(s). Given an arbitrary n-dimensional joint distribution function F (x X, ), which

margin is Fl.(xi), it can be represented as an n-dimensional copula function C (a function of Fi(xi )) with

dependence parameter(s) (6), as shown below.
F(xl’“.’xn)zC(F‘l(‘xl)’.“’Fn(xn)’.e) (1)

Any multivariate joint distribution can be described in the form of equation (1). However, only if the
margin F, (xl.) is continuous, the copula can be determined uniquely (Sklar, 1959). To date, various copulas

have been developed, such as nested Archimedean copula, partial Archimedean copula, and Hierarchical
Archimedean copula, as well as pair-copulas, which are targeted in this study. Copula has attractive
advantages over conventional multivariate distribution functions. For example, different types of margins
can be used to represent a same joint distribution, and the dependence structure can be flexibly specified
(Nelson, 2006).

In the family of copulas, there are three special cases which are important for selecting copula (Nelson,
2006; Trivedi and Zimmer, 2007). Independent copula is a simple and basic one, written as a product
function of margins, comonotonicity copula describes that a perfect positive dependence exists among the
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margins, and countermonotonicity copula expresses that the margins are negatively dependent upon each
other. If a family of copulas includes the above three copulas, it is called as comprehensive (Nelson, 2006;
Trivedi and Zimmer, 2007). Copula has a great variety of forms. However, the copulas that are often applied
in literature are Gaussian copula, Farlie-Gumbel-Morgenstern (FGM) copula and Archimedean family of
copula (e.g., Clayton, Gumbel, Frank and Joe copulas). Table 1 lists their copula functions and special cases,
in which only Gaussian, FGM and Frank are comprehensive and their dependence parameters all cover both
positive and negative domains (Nelson, 2006; Trivedi and Zimmer, 2007). In reality, either of positive and
negative dependence might occur and it is also true for the tourist behavior under study. Therefore, Gaussian
and Frank copulas will be adopted in this study. This study also tests FGM copula that can cover positive and
negative domains, and accommodate only relatively weak dependence among margins.

Table 1. The Functions of Copulas

Copula Expression Special cases 0 domain

Gaussian (@ (wy), 2 (uy);6) Ci=W,C=T0 =M -1=8=1

FGM uyry (14601 — 1)(1 —uy)) Ci=W,C=ILC =M “1=8=1

-1/4

Clayton (us® +uz® — 1) Cop=T,C. =M 0<8=oo
P P 1/8

Gumbel exp{—[(—inul) + (—nu,)?] ] €, =1,C =M 1=8=ew
L )

Frank —gleg| 1+ =] Cow=W,Cop=I,C,. =M —eo = 0 = oo\{0}
1/8
Joe 1-[(1—u)f+ (1 —up)® - (1 —w)®(1-uy)? G =M,Ce=M 128w
2.2 Pair copula

Pair copula is a collection of different bivariate copulas. Pair-copula construction (PCC) of a multivariate
copula is hierarchical, where variables are sequentially incorporated into conditioning sets with a nested tree
structure. PCC was first given by Joe (1996). Any dimensional multivariate joint distribution can be
decomposed into PCC by using bivariate copulas. Since PCC is based on combinations of pairs of variables,
when the number of variables increases, the number of possible combinations becomes larger and larger. To
tackle the calculation difficulties caused by such large number of possible PCC, Bedford and Cook (2001,
2002) proposed a graphical method, named regular vines, which have two popular subclasses: D-vines and
canonical vines. In this study, only D-vines and canonical vines are focused and descriptions of their
generalized form (i.e., regular vines) are omitted (details can be found in Bedford and Cook (2001, 2002) and
Czado (2010)).

We first consider three continuous random variables X{xl,xz,x3} which follow a joint distribution
function F (xl,x2,x3) with margins Fl(xl) , F, (xz) and F; (x3) , and has a joint density function
f (xl,xz,xj) with margins fl(xl), 1 (xz) and f3(x3). The joint density function can be factorized into the

following conditional density functions.
f(xvxz’x3 ) =/ (x3 )f2|3 (x2|x3 )flm (x1|x2,x3 ) (2)

According to equation (1), joint density function f (xl,xz,x3) can also be written as,

f(xl’x2’x3 ) = /i (xl )fz (xz )fs (x3 )0123 (”1 > Uy, Uy ) 3)

where, cm(ul,uz,u3) is copula density function, and u, , u, and u, are Fl(xl), Fz(xz) and F3(x3) ,
respectively.

Based on equation (3), we can derive conditional density functions as follows,



fl\s (xl | X, ) = fl(xl )013(”15”3) “4)
f2\3(x2 | x3)= fz(xz)czs (”2’”3) 5

and f,, (x, | x,,x; ) in the right side of equation (2) can also be rewritten as,

fuzs (xl | xz’x3)= f1\3 (xl | xa)clzp (“1\3’%\3)

(6)
=/ ('xl )Cl3 (ul > Us )012\3 (“1\3 s U )

where, u); = Fy (x| x,) and Upys = Iy (x| %)

Put equations (5) and (6) into equation (2), the joint density function can be represented as follows,

f(xvxz’xs ) =/ (xl ) 2 (xz ) 3 (xs )013 (“1 > Us )023 (”2: U )012\3 (”1\3 sUyp ) (7
oC(u,,uy ) oC(uy,uy) . .
Furthermore, £, (x1|x3 ) = B — and £, (x2|x3 ) = o From equation (7), it is easy to
Us Us

understand that the joint density can be decomposed into several two dimensional copula densities and
corresponding marginal densities. This resulting construction is called as pair-copula construction (PCC). In
the above way, PCC can be easily extended to cover higher dimensions.

However, as the dimension of a joint multivariate distribution increase, the number of possible PCC
becomes considerable large. To tackle this issue, Bedford and Cook (2001, 2002) proposed D-vines and
canonical vines. In D-vines, no node in any tree 7} is shared by more than two edges. In canonical vines, each
tree 7; has a mere node that is connected to n-j edges, where n indicates the number of margins and j is the
level of tress (Aas, Czado, Frigessi, and Bakken, 2006). Figures 1 and 2 show the constructions of D-vines
and canonical vines with 4 margins and 3 trees, respectively. The type of D-vines is shown in equation (8)
and that of canonical vines in equation (9).

C

Figure 1. Four-Dimensional D-Vine Pair Copula Construction
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Figure 2. Four-Dimensional Canonical Vine Pair Copula Construction



f(xlvxzax37x4):f](xl)fz(xz) 3(x3) 4(x4)

Ciy (”1 sUy )023 (”27 Uy )(734 (”3 > ”4)

Ci3p (uuz s Usp )624\3 (uzu sUys ) ®
Craps (”1|23 > Ugps )

f(xlvxzax37x4):f](xl)fz(xz) 3(x3) 4(x4)
clz(ul7”2)013(”17”3)014(”17”4) )
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Caq12 (”3\12 >Ugin )

Note that in 3-dimensional case of PCC, D-vines and canonical vines are the same as shown in equation
(7). Expressions of high-dimensional PCC can be derived similarly.

3. TIME USE AND EXPENDITURE BEHAVIOR MODEL WITHOUT ZERO CONSUMPTION

Here, time use and expenditure behavior is modeled, given that destination visit and expenditure decisions
are already made. In other words, a certain amount of time and money must be spent in each destination, but
how much to spend is undecided. Note that zero consumption issue (i.e., a destination is not visited and/or no
money is spent at destination) will be modeled later. Here, a multi-linear utility function (e.g., Bell, 1987;
Zhang et al., 2005) is adopted to define tourist i’s utility u,, derived from spending time and money at

destination. It is assumed that tourist i maximizes his/her utility, given his/her limited time and expenditure
budgets. More specifically,

tot c
Max U= 2 (Wit + wi;) (10)
t t ! t .t 4 c..c_.C_C
FALDL D W Wty T AT Y Wy,
fc t c. t ¢
+ 4 Zj Wy Willty
s.t. ijy. =T (11)
2,6 =C (12)
where,
i,j :tourist and activity,
¢, :activity time that tourist i/ spends at destination j,
¢; - expenditure level that tourist / spends at destination j,
u, :utility that tourist i derives from spending time and money at all destinations,
u fj : utility that tourist / derives from activity time 7, at destination /,
uf] : utility that tourist / derives from expenditure level ¢ at destination j,

w,; : weight that tourist i attaches to destination j for activity time 7, ,

w;; : weight that tourist i attaches to destination j for expenditure level ¢,
A' : parameter of inter-destination interaction for activity time,

A :parameter of inter-destination interaction for expenditure level,

A : parameter of inter-destination interaction for activity time and expenditure level,
T. :available time budget of tourist 7, and

C. :available expenditure budget of tourist i.

Here, superscripts ¢ and ¢ are used to indicate that the corresponding notations are specific to activity



time and expenditure level, respectively. Weight parameters w;. and ij represent the relative importance

that individual 7 attaches to destination ; when determining activity time 7, and expenditure level ¢, .

Parameters A}, A¢, and A describe three types of inter-destination interactions, which are defined in the

form of a product of a pair of destination-specific utilities, as shown in the latter part of equation (10).
Usually, it is realistic to assume that visiting a destination generates a positive utility. Accordingly, a positive
value of interaction parameter means that inter-destination interaction increases the tourist’s utility and a
negative value indicates that the interaction induces competition among destination and consequently results
in the occurrence of various conflicts.

The above modeling framework is similar to the traditional one (e.g., Becker, 1965; DeSerpa, 1971;
Jara-Diaz, 2003), which however ignores the influence of inter-destination interactions. Here, income is not
included in the monetary budget (equation (12)); instead, the total amount of money spent at all destinations
is selected as a proxy of the budget constraint.

Equations (10) ~ (12) are based on the assumption that visiting destinations is pre-decided. It is also
assumed that the total time and money budgets are fixed and pre-determined. The influence of destination
visit behavior on time use and expenditure behavior will be illustrated in the next section. It is assumed here
that the utility of time use or expenditure is positive. Meanwhile, the tourist might feel tired/bored after
staying a certain length of time at a destination, or might worry about the affordability or question about the
worthiness of further purchase. Thus, it seems reasonable to assume that marginal utility decreases with the
increase of time or expenditure. To reflect this notion, equations (13) and (14) are adopted.

uj, = pyIn(t,) =exp(Y_, Bi x +e)In(z,) (13)
u; = p;In(c,) =exp(Q, B x5, +e;)In(c;) (14)
where,
b ;.k : attribute £ that affects the utility ufj of consuming activity time 7,
. : parameter of attribute x ;k ,
b ;k : attribute k that affects the utility u; of expenditure level c;,
¢ parameter of attribute x ;k ,
e;. : error term of u;j, and
e; :errortermof u .

Here, introducing x;jk and x;.k (mainly tourist’s personal attributes and destination-specific attributes)

into the utility function reflects the fact that different tourists may have different (or heterogeneous)
responses to activity time and expenditure level. An exponential function is used to guarantee the positive

requirement for the sign of the utility function. Error terms e;. and e;. are introduced to reflect the influence

of unobservable factors (e.g., psychological factors: character and motivation; omitted factors: impulse and
planned visit).

To derive the activity time and expenditure level functions, the Lagrange approach that combines the
objective function (i.e., equation (10)) and its constraints (i.e., equations (11) and (12)) is adopted. Details
refer to Zhang (2009). Here, only the resulting functions are shown below.

w
_ ij t__ .t t t t .t tc. . c..¢c
tij ——gﬂ]—;, Tij_wijpij(l+j“i E j,¢j14/ij,uy~, +ii M/Uul] (15)
Z/' i
v
_ ij c_ .. ¢ ¢ 4 c . .C fc_ t_ 1
¢, —7@, Vi=wipy(L+ 4] E e Wirkiy + A W (16)
Y



These functions will be used to represent tourists’ time use and expenditure behavior in this study.
Assuming the number of destinations visited is J, as a model system, there are 2*J functions in total.
Hereafter, equation (15) is called the activity time function and equation (16) is called the expenditure level
function.

Observing equations (15) and (16), it is obvious that the activity time (expenditure level) at destination j
is influenced by not only the information of destination j itself, but also the information of other destinations.
Taking the ratio of a pair of activity time (expenditure level) functions for destinations j and j’ (see equations
(17) and (18)), it is found that this ratio not only includes information about destinations j and j’, but also
information about the other destinations. This implies that the allocated activity time (expenditure level) to a
destination is affected by the available destinations in a choice set, i.e., the IIA (Independence of Irrelevant
Alternatives) property does not hold. This attractive feature is clearly owned to the introduction of inter-
destination interactions.

t ot t t ot tc.c..C
o WiPy 1+4; E oy Wirlkiy + A wiug a7
AN t tot e ¢ ¢
Ly wypy(L+ 4, E oy Wity + A wypug)
c _C c c .. C tc_ t. 1
¢, Wil (I+45 E o Wik T AW

— = ‘ (18)

(N c c . .C tc .t
¢y wypy(1+ /lizj,,ij, Wyl + A Wiy

Since the utility function defined in equation (1) is a function of both activity time and expenditure level,
the value of activity time (VOAT) at destination j can be defined as follows.

VOATj:a”f Ou; (19)
ot, | dc,

ou, Ou,
Since the first derivatives a—’,a—’ are equal to the Lagrange coefficients, respectively, under the
t. Oc,;
j i
time and monetary constraints shown in equations (11) and (12), VOAT does not change with the type of

destination. Thus, the two coefficients can be expressed below.

. v , ye
Ou, _ 1 L, Ou, _ 1 L (20)
8tl.j J L Gcij J ¢

Excluding the error terms in the terms pi’/., p;; » the common VOAT for all the activities can be

rewritten as follows:

ot e
VOAT =} flf /Z/ % (1)
iji '

Ci
where,
[ =Wy (144 ;Zﬁj WiV + A WiV (22)
Vimwi B (420 wivi + A i Wi, (23)
v, = p; In(z,) (24)
v; = p; In(c;) (25)
Py =exp(Q, Bi xj) (26)
Py =exp(Y, Bi xj,) @7



BU; and 5”,; express the influence of observed factors on activity time and expenditure level by

incorporating the influence of the inter-destination interactions.
Next, it will be described how to introduce the influence of destination visit behavior (i.e., whether to
visit a destination or not) on time use and expenditure behavior.

4. TIME USE AND EXPENDITURE BEHAVIOR MODEL WITH ZERO CONSUMPTION
4.1 Model building

It is expected that error terms of activity time and expenditure level functions are correlated with each other.
As seen in equations (13) and (14), error terms (ef.j and e;) are included in utility functions in a very

complicated way. Therefore, it is difficult to directly represent the correlation between equations (15) and
(16). For ease of model estimation, it is assumed that equations (15) and (16) can be re-written as follows:

v t
R (28)
Zj' i
¢, = C, + 6 (29)
y c l y
>

Here, 8; and 8; are the newly introduced error terms of activity time and expenditure level functions,

respectively, and in theory, they can follow any probability distributions. It is further implicitly assumed that
equations (28) and (29) do not violate the time and monetary constraints defined in equations (11) and (12).
Mathematically, such assumed transformation is not problematic, but it is surely difficult to clarify a clear
relationship between the original and newly-introduced error terms. This assumption is made for the sake of

incorporating the influence of various error terms in an easier and more flexible way. S” and S”l-] are shown

in equations (22) and (23), respectively.
Behaviorally, prior to decisions on activity time and expenditure level, a tourist needs to make decisions
on whether to visit a destination or not, and in case of the visit, whether to spend any money at the

destination. Let yf/ be a latent variable representing the decision on destination visit, and y; be a latent
variable explaining the decision on expenditure. Here, it is assumed that when y;. is larger than zero, the

tourist decides to visit a destination, and when y; is larger than zero, the tourist decides to spend some

money at destination. Therefore, a nested Tobit type of model system can be specified as:

=Z Vs Zys 10 (30)
§ =D 2+, G1)
t —AT+£
ZC+5 ify;>0  if y;>0
. (32)
=0 if y; <0
t; if ;<0
~ 7
A= (33)

g t
z," 5Uij'
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v
7~ N, (o7 ) (35)
c c 2
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where, z ;S and z, are factors affecting tourist i’s decisions on the visit of destination j and expenditure

during visiting destination j with a parameter y. and y¢ , respectively.

It is obvious that the Tobit model involving expenditure decision is nested under y; . Hereafter,

equation (30) is called the destination visit decision function and equation (31) is called the expenditure
decision function. Two decisions (i.e., whether to visit a destination and whether to spend any money)

explicitly influences the allocation results of time and money at the same time. It is obvious that: 1) if yf.j
and y;. are larger than zero at the same time, then #; and ¢, are observed; 2) if y;. is greater than zero

and y;. is equal or less than zero, then only 7, is observed; 3) if y;. is equal or less than zero, then 7,
cannot be observed, and at the same time, ¢; cannot be observed, either. Therefore, tourists’ decisions on

whether to visit a destination play a key role in the whole tour.
The likelihood function of the above-developed tourist time use and expenditure model with zero
consumption can be written as,

dl=1

{prly; <o)

(e, 13 <0, > 0)pr(ys <01 3 > 0)pr(y, > 0)] " (37

ey 135> 0.3 > 0)Pr(yg > 0134 > 0)Pr(y > o)

L-T1, T

~.

where dummy variables (d) have the following values.

d ; =1 iftourist i decides to visit destination j (i.e., to spend a certain length of time),
d ; =0 iftourist i decides not to visit destination j,
d UC =1 iftourist i decides to spend some money at destination j, given d ; =1, and

d; =0 iftourist i decides not to consume any money at destination j, given d 2 =1.

4.2 Introducing pair copula

Here, pair copulas are applied to calculate the conditional joint distributions included in the above likelihood
function. In the right side of equation (37), there are two conditional multivariate joint distributions. The first
one can be rewritten in the following form based on 3-dimensional PCC.

£, 155 <0,y > 0)Pr(y <01 ¥4 > 0)Pr(y; >0)
:f(tif)c(F(ti/) ,F(y;. >0))C(F(tg/ |y,t, > 0),F(y; SOIy; > 0)) (38)
c(Fly; <0). F(y; >0)

However, the second one concerns four dimensional multivariate joint distribution, and it can be
decomposed into two possible PCCs, i.e., D-vines and canonical vines. As mentioned previously, the critical
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determinant in the whole tour is the decision on whether to visit a destination or not, that is, yfj >0 is the

underlying factor. Hence, this study adopts the type of canonical vines PCC, i.e., in the tree 7}, yfj >0 is

connected to activity time and expenditure level decisions, respectively. In the tree 7,, each margin is the
function subject to yl.tj > 0. In the tree T3, both of activity time and expenditure level functions are subject to

yl.tj >0 and y; > 0. Therefore, the joint distribution conditional on f (y; >0,y; > 0) becomes,

f(y’ vy >0, y,J>0)Pr(y;>0\y;>O)Pr(y;>0)
= 1l ) (¢, e, ), F(v, > 0))e(F (e, ), Py, > 0)
C(F( | vy > 0), (y; >0|y; > 0))C(F(cl.j |y > 0),F(y; >0y > 0)) (39)
C(F( |y’f>0yt/>0) (Cijly;‘>0’y4‘l/>o))
C(F(y i~ 0)’ (yl.'/' > 0))

where, c() is copula density and C (')is copula function.

The model system consisting of equations (30) ~ (39) is called “nested time use and expenditure model
with multi-destination visit (NTUEMD)” model. It is, in fact, a new nested multiple discrete-continuous
choice model, which can be estimated by the standard maximum likelihood method.

Here, three types of copulas, i.e., Gaussian, FGM and Frank, which meet the comprehensive
requirement of copula, are applied to calculate the likelihood function, and the best one will be selected
based on the goodness-of-fit to data.

5.DATA

To examine the effectiveness of the developed NTUEMD model, this study employs a tourist behavior
questionnaire survey data collected in Tottori Prefecture, Japan, in 2007. In the model estimation described
later, Tottori Prefecture will be divided into three destinations (eastern, middle and western areas), but in the
questionnaire survey, touring information was reported at the detailed spot level. Respondents were asked to
fill in concrete names of touring spots visited and for each sport, time use (measured by departure and arrival
time) and expenditure (the amount of money spent), and travel modes used were reported. In addition,
tourists’ subjective evaluation about major touring spots and individual attributes are also included in the
questionnaire.

Tottori Prefecture is located in the western part of Honshu Island and nearby the Sea of Japan. It is
famous for its sand dunes, beautiful beaches, a variety of seasonal sceneries, hot springs, Nijisseiki Pear (the
king of all Japanese pears), and sea foods, etc. The number of tourists was 9.823 millions in 2009, and it was
only 10% higher than the number in 1999, failing to increase as much as expected. According to the statistics
by Tottori Prefecture, about 73% of tourists in 2009 were day trippers.

In total, 6,585 questionnaires were randomly distributed to tourists at major attractions and tourist
information offices in the four seasons of the year 2007. As a result, 761 respondents returned the
questionnaires with valid answers. Survey results show that 56% of tourists were day trippers and 44%
stayed for one or more nights in Tottori Prefecture, and 92% of respondents were tourists travelling by car.
The tourists travelling with family accounted for 78%, among which 48% were the couple.

As a case study, this study only focuses on day trippers. With the above data screening, the data from
301 day trippers is adopted.

6. ESTIMATION RESULTS AND DISCUSSION
6.1 Dependent and explanatory variables

The above-extracted 301 tourists made a one-day trip within Tottori Prefecture. Since each tourist visited at
least one destination, the number of tourists visiting the first destination is 301. And, the numbers of tourists
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visiting the second and third destinations are 192 and 81, respectively. Table 2 shows the shares of tourists
who visited each destination and spent money there, respectively. Since there are four dependent variables

for each destination: y; , y; s Ly and Cj> the total number of dependent variables in this study is twelve.
Statistical features of activity time (7;) and expenditure level (¢, ) are summarized in Table 3. The average

activity time (i.e., the total time staying at each destination) ranges from 60 to 99 minutes, and the average
expenditure level from 1,325 to 1769 Japanese Yen. Interestingly, the first destination shows the longest
activity time and highest expenditure level, suggesting that most tourists might treat the first destination as
the most important destination.

Table 2. Shares of Tourists Who Visited Destinations and Spent Money at Destinations

Destinations Share of tourists who visited Share of tourists who spent money
The first destination 100% 89%
The second destination 64% 57%
The third destination 27% 22%

Based on an incomplete trial-and-error cross-aggregation analysis and the estimation results of existing
models, eleven explanatory variables were selected, including individual attributes and destination attributes.
The individual attributes include age, gender (0: male; 1: female), residential location (1: outside Tottori
Prefecture; 0: otherwise), size of travel party (number of persons traveling together) and access travel time
(travel time from home to destination). The destination attributes include number of natural spots, number of
parks, number of beaches, number of heritages, spa dummy (1: if a destination has any spa resource; 0:
otherwise) and gourmet dummy (1: if a destination has any special local food; 0: otherwise). In addition to
the above two types of variables, four constant terms are further introduced into activity time function,
expenditure level function, destination visit decision function and expenditure decision function, where the
constant terms related to the first destination are treated as references.

Table 3. Statistical Features of Time Use and Expenditure

Destinations | Minimum | Maximum | Mean | Standard deviation
Activity time (minute)
The first destination 5 780 99 90
The second destination 3 495 83 76
The third destination 10 330 60 58
Expenditure (Yen)
The first destination 24 35,000 1,769 2,686
The second destination 40 14,750 1,539 1,686
The third destination 30 11,500 1,325 1,638

6.2 Estimation results

The three types of NTUEMD models are estimated by using a maximum likelihood method via two steps, as
suggested by Trivedi and Zimmer (2007). That is, an Independence model without any dependence
parameters is first estimated and then the estimated parameters of explanatory variables are used as initial
values to estimate the model with copula, together with the dependence parameters. Totally, there are nine
dependence parameters: three for time use behavior and the others for expenditure behavior. Since the
sample size is not larger enough and especially for the third site only 81 samples are available, we assume
that all the parameters cross three destinations are the same. Estimation results are shown in Table 4.

6.2.1 Model accuracy

Model accuracy is first evaluated based on the following Bayesian Information Criterion (BIC),

BIC = —In(L)+0.5K xIn(N) (40)
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where, ln(L) is the converged log-likelihood value, K is the number of parameters estimated, and N is the

sample size. Smaller value of the BIC means higher model accuracy. In this sense, the BIC is a relative
model accuracy indicator.

Table 4. Model Estimation Results

. Independent Copula Frank-PCC Copula FGM-PPC Copula Gaussian-PPC Copula
Explanatory Variables
Parameter t score Parameter t score Parameter t score Parameter t score
Destination Visit Decision Function
Constant term -1.640 -13.50 -1.552 -15.48 -1.640 -13.56 -1.729 -18.09
Individual Attributes
Residential location 0.874 3.67 0.776 3.78 0.874 3.66 0.971 3.24
Access travel time 0.013 7.50 0.010 8.18 0.013 8.12 0.004 6.37
Destination Attributes
Number of natural spots 0.507 5.48 0.475 4.72 0.507 6.18 0.625 8.41
Number of beaches 0.569 1.72 0.567 4.60 0.569 1.73 0.578 5.63
Spa dummy 0.612 1.81 0.543 1.88 0.612 1.86 0.636 2.93
Activity Time Function
Constant term 0.506 0.92 0.421 0.68 0.506 1.09 0.405 0.69
Individual Attributes
Age 0.252 0.77 0.187 0.55 0.252 0.93 0.312 1.99
Size of travel party 0.189 0.44 0.259 0.64 0.189 0.55 0.189 0.52
Gender (male: 0 ; female: 1) 1.592 3.79 1.552 2.43 1.592 4.61 1.707 5.35
Residential location 1.145 2.58 1.165 2.75 1.145 3.70 1.036 2.17
Destination Attributes
Number of natural spots 0.503 4.17 0.291 5.32 0.503 5.22 0.477 2.93
Number of parks 0.176 1.81 0.352 2.98 0.176 3.34 0.228 1.46
Number of beaches -0.076 -0.22 -0.087 -0.26 -0.076 -0.23 -0.194 -3.52
Spa dummy -0.265 -0.69 -0.254 -1.52 -0.265 -0.85 -0.296 -0.62
Gourmet dummy 0.215 0.45 0.394 3.88 0.215 0.52 0.053 0.79
Expenditure Decision Function
Constant term 0.223 0.27 0.275 0.11 0.223 0.22 0.291 0.45
Individual Attributes
Residential location 0.050 0.02 0.187 0.12 0.050 0.02 0.116 0.11
Size of travel party -0.695 -0.42 -0.758 -0.63 -0.695 -0.45 -0.674 -1.01
Access travel time 0.032 4.43 0.047 3.56 0.032 30.86 0.037 4.84
Destination Attributes
Number of natural spots -0.403 -0.93 -0.572 -0.92 -0.403 -1.06 -0.686 -6.17
Number of beaches 0.720 5.11 0.635 522 0.720 8.01 0.761 12.23
Number of heritages 1.061 6.96 1.031 3.77 1.061 8.91 0.970 5.17
Spa dummy -1.317 -1.22 -1.399 -1.27 -1.317 -1.30 -1.452 -2.59
Gourmet dummy -0.625 -5.97 -0.600 -2.29 -0.625 -4.44 -0.594 -4.19
Expenditure Level Function
Constant term 1.077 2.28 1.134 0.96 1.077 3.20 1.022 3.18
Individual Attributes
Age 1.033 4.43 1.256 3.36 1.033 4.82 1.003 9.68
Size of travel party 1.528 2.92 1.345 4.89 1.528 4.17 1.454 4.93
Access travel time 0.003 0.76 0.003 0.58 0.003 0.99 -0.007 -2.57
Destination Attributes
Number of natural spots 0.028 0.25 -0.107 -1.02 0.028 0.27 -0.155 -1.87
Number of beaches 0.917 4.53 0.932 5.30 0.917 4.87 0.863 5.92
Number of heritages -0.092 -1.12 0.013 0.20 -0.092 -1.26 -0.032 -0.49
Gourmet dummy -0.912 -1.53 -0.880 -1.62 -0.912 -1.96 -1.060 -2.75

As shown in Table 4, the BIC values are: 3227.0 for the Independence model, 3033.6 for the Frank-
PCC based NTUEMD model, 3101.6 for the FGM-PCC model, and 3124.4 for the Gaussian-PCC model. It
is obvious that the BIC value of the Independence model is largest among the results and the Frank-PCC
model has the lowest BIC value. In other words, all the PCC models perform better than the Independent
model and the Frank-PCC model is superior to any of the other three models. Moreover, all the variance
parameters in the model are significant, too. The above results suggest that the tourist behavior model with
the Frank-PCC is more suitable. Hereafter, the results of Frank-PCC will be mainly explained.

6.2.2 Dependence structure

For the Frank-PCC based NTUEMD model, except H(y’ >0,y < 0) of the 3-dimension copula, all the

other eight dependence parameters are statistically significant at the 95% level. The three dependence
parameters belonging to the 3-dimension copula are all negative and in contrast, five out of six parameters
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are positive (0(c, y<>0]y" > 0) is negative). These results suggest that the developed model structure is

statistically supported. The meanings of the dependence parameters can be interpreted as follows:

Table 4. Model Estimation Results (continued)

. Independent Copula Frank-PCC Copula FGM-PPC Copula Gaussian-PPC Copula
Explanatory Variables
Parameter t score Parameter t score Parameter t score Parameter t score
Relative Interest Parameter
Activity time
wi (First destination) 0.471 - 0.477 - 0.471 - 0.468 -
w2 (Second destination) 0.203 3.86 0.195 2.64 0.203 4.04 0.176 3.24
w3 (Third destination) 0.327 1.73 0.328 1.06 0.327 1.49 0.356 2.72
Expenditure level
w1 (First destination) 0.311 - 0.316 - 0.311 - 0.302 -
w2 (Second destination) 0.351 0.38 0.387 0.58 0.351 0.86 0.370 0.61
w3 (Third destination) 0.338 0.28 0.297 0.21 0.338 1.36 0.328 0.09
Variance Parameter
Activity time
o (First destination) 1.555 17.63 1.661 13.04 1.555 19.55 1.756 42.82
o’ (Second destination) 2.880 6.24 2.859 10.76 2.880 18.14 2.877 97.24
65 (Third destination) 1.762 8.49 1.684 10.77 1.762 11.14 1.663 31.83
Expenditure
o1 (First destination) 3.509 16.73 3.426 3.22 3.509 7.38 3.542 1.70
6 (Second destination) 2.517 16.98 2.502 22.17 2.517 18.28 2.380 63.76
oy (Third destination) 3.840 9.24 3.708 9.54 3.840 9.70 3.892 17.87
Expenditure level
o’ (First destination) 1.311 6.03 1.309 4.90 1.311 5.30 1.351 10.09
6 (Second destination) 5.316 10.30 5.166 3.56 5.316 7.92 4.966 27.31
oy (Third destination) 4.757 5.88 4.758 2.86 4.757 14.78 4.788 7.83
Inter-Destination Interaction (1)
Time-to-time 1.134 4.76 1.068 3.81 1.134 4.97 1.211 1.02
Expenditure-to-expenditure 1.107 2.73 1.116 1.99 1.107 2.88 1.231 1.43
Time-to-expenditure 2.335 8.38 2.391 3.51 2.335 8.48 2.347 74.89
Copula Parameter (0)
3-Dimension Copula Function
0(ty>0) - - -3.757 -6.80 -0.649 -2.88 -0.698 -56.92
0(y>0,y°<0) - - -0.169 -0.21 0.592 0.88 -0.548 -19.95
B(t,y’<0ly>0) - - -5.413 -6.32 0.375 1.25 -0.706 -55.66
4-Dimension Copula Function
0(ty>0) - - 1.001 16.72 0.059 0.17 -0.222 -5.82
8(y>0,y">0) - - 2.604 291 0.496 1.73 -0.585 -99.00
8(c.y>0) - - 1.697 2.06 -0.192 -14.97 -0.220 -6.98
B(ty>0ly>0) - - 2.787 5.97 0.827 10.44 0.665 48.31
0(c,y>0ly>0) - - -0.476 227 0.336 1.19 0.148 3.06
B(tcly>0y>0) - - 3.776 9.11 0.918 6.81 0.378 17.16
Log-likelihood at convergence -3061.517 -2868.052 -2936.102 -2958.868
BIC 3227.023 3033.558 3101.608 3124.374
Sample size 301

For the 3-dimension copula, the negative value of H(t,y’ > 0) means that tourists’ destination visits

results in a shorter stay at destinations, while the negative value of 49(t, y <oy > 0) indicates that

conditional on that destination visit is decided, deciding not to spend any money results in a shorter stay at
destination.

For the 4-dimension copula, the negative value of 9(c, Y >0y > 0) means that conditional on that a

destination visit is decided, deciding to spend some money does not lead to more expenditure at destination.
Other positive values of dependence parameters suggest that deciding to visit a destination results in a longer
stay and spending more money at the destination, and the longer the time spent at a destination, the higher
the expenditure spent, and vice versa.

One can see that various behavioral dependencies can be explicitly observed from the NTUEMD model.
Such modeling approach could allow policy makers to examine the effects of policies in a comprehensive
and consistent way.
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6.2.3 Relative importance parameters and inter-destination interaction parameters

Only one relative importance parameter (i.e., activity time function of the second destination: 0.195) is
significant statistically. All the relative importance parameters for expenditure level function are insignificant.
In spite of the statistical insignificance, the values of relative importance parameters suggest that tourists
surely attach different importance to different destinations. Even though the reasons of such statistical
insignificance are unclear, it might be worth introducing tourists’ (observed and unobserved) heterogeneity
into the model.

The inter-destination interaction parameters are all positive and statistically significant at the 95% level
in the Frank-PCC model. The positive interaction parameters mean that the constraints of limited time and
monetary budgets do not necessarily reduce tourists’ utility, as expected initially; rather, tourists benefit
more from the trade-off of time and money resources due to the constraints. The copula represents
dependence mechanisms caused by unobserved factors; in contrast, inter-destination interactions explain
dependence mechanisms based on observed information. Thus, jointly adopting the copula and inter-
destination interaction concepts allows us to represent the dependence mechanisms in a systematic way.

6.2.4 Influential factors

In total, there are 29 explanatory variables and 4 constant terms introduced into the Frank-PPC based
NTUEMD model (same as other three models) (see Table 4). Comments are mainly given only with respect
to those statistically significant variables.

Destination visit: tourists living far from Tottori Prefecture are more likely to visit Tottori Prefecture for
tourism activities. And the more the tourism resources (the numbers of natural spots and beaches, and the spa
resource) are, the more likely tourists visit.

Activity time: Female tourists and those tourists living far from Tottori Prefecture tend to spend more
time at destinations. Natural spots and parks as well as gourmet encourage tourists to stay longer; however,
beaches and spa are not influential at all.

Expenditure decision: Tourists living far from Tottori Prefecture are more likely to spend money at
destinations. Beaches and heritages encourage tourist to spend money and in contrast, gourmet does not
encourage tourists’ expenditure decisions.

Expenditure level: Older tourists and those with larger travel party are more likely to spend more money
at destinations. Only beaches lead to more expenditure and other destination attributes are not influential at
all.

For the four introduced constant terms, only that for the destination visit function is found to be
statistically significant. Negative sign suggests, however, that those omitted and unobserved factors keep
tourists away from visiting Tottori Prefecture, on average. This is a very important finding. As mentioned in
Section 4, the growth rate of tourists visiting Tottori Prefecture is quite low in recent years. Such unobserved
factors should be further explored for more effective tourism policies.

6.2.5 VOAT

As an application of the developed model, here, the tourist’s value of activity time (VOAT) is measured. The
average VOAT of tourists in Tottori Prefecture is 19.74 Yen/minute. Furthermore, the average VOATS are
also calculated with respect to several different origin prefectures (see Figure 3). The highest score, 26.43
Yen/minute, is obtained from those tourists coming from Hyogo Prefecture, and the tourists from Kyoto
show the lowest score, 0.75 Yen/minute. Meanwhile, tourists from Tottori Prefecture have the VOAT of
21.87 Yen/minute. In 2007, the annual disposable income per person was about 3,271,840 Yen by Japanese
official statistics, and assuming that a tourist has 12 hours free time per day and 118 holidays per year
(including two-day weekends and Japanese traditional holidays and so on), the value of disposable time is
38.51 Yen/minute. Thus, the above-calculated VOATSs seem not unrealistic.

7. CONCLUSIONS
Generally speaking, an individual’s time use and expenditure behavior, irrespective of daily and non-daily
travel, is influenced by where he/she performs activities, but visiting a destination does not mean that he/she

must spend some money there. In case of multi-destination visit, the individual decision-making becomes
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more complicated. Focusing on tourist behavior, this study developed a nested time use and expenditure
behavior model with multi-destination visit based on pair copula. The model is an extension of an existing
multi-destination model developed by the authors (Zhang et al., 2012). As the extension, this study still
adopts the basic structure of utility-maximizing time use and expenditure behavior model with multi-linear
utility functions. Different from the authors’ previous model, this study simultaneously represents tourists’
decisions on whether to visit a destination or not and whether to spend any money there as well as their
influence on activity time and expenditure level (i.e., the amount of money) decisions. Behaviorally, activity
time decision and expenditure-related decisions are conditional on destination visit decision, and expenditure
level decision is further conditional on expenditure decision. To accommodate such complicated decision
structure, a nested Tobit modeling technique and a type of canonical vines Pair-Copula Construction (PCC)
are jointly applied.
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Figure 3. VOATSs by Tourists’ Origins

Using a questionnaire data collected from tourists (only day trippers: 301 samples) visiting Tottori
Prefecture, Japan in 2007, the effectiveness of the developed model was empirically confirmed. Concerning
the dependence structures introduced in the model, two types of them are estimated to be significant: the first
type includes three dependence parameters for activity time decision, and the second one includes six
dependence parameters for decisions on both time use and expenditure. Positive interactions between activity
time decisions, between expenditure decisions, and between both activity time and expenditure decisions are
revealed, suggesting that competition among these resources increases tourists’ utility. This is a different
finding from daily activity-travel behavior. As a transport policy variable, actual access travel time in the
destination visit and expenditure decision functions got positive values, suggesting that tourists prefer a long-
distance journey to enjoy their holidays. Finally, it is also found that values of activity time differ
considerably across tourists’ origins.

The development of the above tourist time use and expenditure behavior model has various implications.
First, the calculated activity time and expenditure level from the model are two of the most important
indicators to evaluate the effects of tourism policies. Second, the joint calculation of activity time and
expenditure level is useful to properly measure the effects of tourism policies based on cost-benefit analysis.
Separate calculation of activity time and expenditure level might lead to seriously biased evaluation and
misleading tourism policy decisions. Third, the confirmed positive inter-destination interactions for time use
and/or expenditure suggest the necessity of cross-destination collaboration. Fourth, different values of
activity time suggest that tourism policies and marketing activities should be origin-specific in order to
enhance the quality and effects of tourism policies and marketing activities. Fifth and finally, positive
parameters of access travel time imply that it is also necessary to deploy marketing activities in those more
remote areas.

Having summarized the findings of this study, it should be emphasized that there are still several
unresolved research issues. First, the model should be re-examined by using different types of tourism
behavior data. Second, it might be worth exploring a more general error term structure (e.g., non-normal
distributions and more flexible copulas). Third, more general functions of time use utility and expenditure
utility should be introduced to reflect more realistic decision-making mechanisms. Fourth, tourists' context-
sensitive behavior (Zhang et al., 2009) should be represented. Fifth, it is worth exploring how to represent
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decisions on the time and monetary budgets. Sixth, it is necessary to explore how to select proper
explanatory variables to describe such complicated behavior. Finally, the model should be applied to
examine the effects of various tourism policies and marketing activities.
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