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RESEARCH NOTE

DYNAMIC PROPERTY OF A TOURISM DESTINATION NETWORK
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The development pattern of a tourism destination network is a factor in determining the growth of
each tourism destination. This research note provides an anatytical framework to investigate the dy-
namic properties of a tourism destination network and separately estimate the individual and destina-
tion benefits from destination network development. The method assumes network development is a
dynamic process and uses estimates from expert assessors to measure the changes in network proper-
ties over time.
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Introduction

The aim of this research note is to provide a theo-
retical framework for analysis of the effect of an
increase in collaborative linkages between a net-
work of operators in a destination. Here operators
{nodes) are considered to be linked together through
flows of customers (relationships), and to benefit
from these links through the “sharing” of customer
expenditure. These linkages are established and
maintained by business relationships, such as ex-
change of information and development of collab-
orative projects. Such a network is dynamic, but the
previous literature examining tourism networks
provide only static analyses and report the struc-

tural characteristics at one point in time (Dredge,
2008; Scott, Cooper, & Baggio, 2008), a deficiency
that this research note seeks to address.

The analysis of the relationships among tourism
operators in a destination is developed as follows.
In network terms, each operator is a node, the flow
of customers between them is a link, and together
these nodes and links define a network, From a
business viewpoint, strenglhening the link between
nodes leads to increased customers or revenue, a
good measure of the effectiveness of a link because
it corresponds to actual business activity. Network
analysis (NA) allows us to examine the structure of
the network so defined and to analyze its dynamic
properties. The network to be analyzed is assumed
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to be located within a small geographical area eas-
ily accessed by tourists. Also while each business
may be complex, and include various services, they
are considered as one node. A three-step approach
is adopted using NA methods in conjunction with
some techniques for analysis of tourism chains de-
veloped by Pyo (2010). Firstly, the characteristics
of a destination network are determined. Secondly,
the changing pattern of internode customer flows is
estimated using a fuzzy performance grading meth-
od. Finally, a quantitative measure of the benefits
of network changes is determined.

Tourism Destination Network Performance

A simple exanple of the tourism destination net-
work is shown in Figure !, where a new business
(node C) in a tourism destination receives referrals
and customers’ business from another supplier
(node A). Figure 1 indicates that C may then be-
come further linked by developing relationships

Figure 1. Development of an example tourism destination
network.

with B and D. The overall structure of the network
may then affect destination performance as well as
the outcome attained by each node. Increased busi-
ness generated by either A, B, C, or D can lead to
additional business for the others in the network.
These network outcomes can be evaluated on a va-
riety of measures such as income (or revenue) or
the number of tourists that use two ‘businesses.
Clearly, this information must be collected by ex-
amining a real case of network development, but in
the simple example in Figure 1, the attention is only
on the changing pattern of links between nodes. To
make the analysis simpler, only binary values and
nondirected links are used, As shown in Figure I,
the network develops due to an increase in links
among B, C, and D and this changes its structure.

Data concerning the network pattern, given as
Figure 1, can be collected through the use of expert
evaluators who have a professional knowledge of
the destination network. To collect such data, ques-
tions should include, “(For node A) Do you think
there was (is, or will be) a network relationship
with other nodes?” and “If any, how effective do
you think these network links worked (work, or
will work)? Please estimate the overall value of the
performance of your activities, by scoring from 0,
when no relationship, to 100, if a perfect relation-
ship exists.” Specifically, each evaluator in the net-
work would be asked to evaluate the importance of
nodes in the network, giving each a score out of a
hundred. The weighting of the performance can be
calculated as a ratio of its score to total scores each
time. Following the ordinary procedures of NA, the
adjacency matrix, in which the ijth element be-
comes 1 if there is a link between nodes 7 and /, and
otherwise 0, and the “visitor flow” mairix for the
network shown in Figure 1 can be calculated.

The basic structural characteristics of a network
include density and centrality. Density is calculated
as the proportion of actual ties in a network relative
to the maximum number of ties possible. In gener-
al, the average value of referrals among nodes in-
creases when density increases, Centrality provides
a measure of the position of a node in the network
{Freeman, 1979). A number of centrality measures
have been proposed; degree centrality, between
cenlrality, closeness centrality, eigenvector central-
ity, and closeness centrality.




TOURISM DESTINATION NETWORK 495

Here we employ the mathematical formula of
closeness centrality, the extent to which an indi-
vidual node is near other nodes, as follow:

Celty = or Cer () =51 ()
>, j) 240,
= =

where d(ij) is the distance between node i and j,
and g is the total number of nodes. As for Figure 1,
g=4and i, orj, is A, B, C, or D. C (i} shows a
standardized closeness centrality.! In this regard, the
centralization for closeness centrality is given by:

3 [Cex (@)~ Ce# (0]
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where C #(i*) shows the maximum value of close-
ness centrality for all nodes in the network.

@

Evaluation of Qufcomes

The second step of the procedure is to evaluate
the performance of the tourism destination network
and outcomes for each actor. Evaluators interview
the manager of each node, and obtain quantitative
data to determine their performance. In analyzing a
whole destination, the method that Chan, Qi, Chan,
Lau, and Ip (2003) use for analysis of a supply
chain may be applied. Chan et al. (2003) and Font,

Tapper, Schwartz, and Kornilaki (2008) provide
measurement methods for cross-organizational
performance that also can be applicable to NA. Re-
searchers examining supply chain management
naturally use the network perspective because they
examine relationships among stakeholders, such as
cooperation, competition, and channels. The mea-
surement method for each node follows the steps
below.

Step 2.1: Evaluation of the Performance by Evalu-
ators: e, = (E, ;past, E,_;present, E_;target).

Step 2.2: Calculate the performance score (PS), as
defined by:

i, = Ey,—E, x10,
E:a ~E,

where p ¢ {0,10], i= A, B, C, D. Therefore,
each PS shows an achievement ratio of the pres-
ent performance compared to the future target,

Step 2.3: Estimate the performance grades. Evalua-
tions may contain ambiguities or incorrect infor-
mation, because each evaluator’s judgment may
be subjective and arbitrary. Applying fuzzy set
theory to reestimate the performance scores is
therefore a useful procedure to avoid these am-
biguities and to reach unbiased evaluations. A
typical method is to calculate the expected value
of PS by using both the probability (called the

0
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Figure 2. Triangular fuzzy grades.
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degree of belongingness) and also a specified
fuzzy prade (Fig, 2).

Step 2.4: To calculate the performance index (PI):
Multiply a measurement result matrix given by
FP (Fazzy performance grade matrix) with the
weight vector, 7. Then, PI is given by:

where x.[i=1 (past), 2 (present), and 3 (future),
J=12,...,6]} is the jth element of the ith row
vector, X, of FP . x W7. Each element of vector s
shows the scores that correspond to apexes from

atof.

After completing these calculations, the third
step is to evaluate the outcome where we find the
following. Firstly, PI as an aggregate measurement
crucially depends on the weight vector. The differ-
ence in relative weights among actors is due to the
difference in viewpoints of the importance of each
node. The evaluations of nodes might change from
time to time, meaning that the weight vector will
vary with changing network structure. Moreover,
this changing pattern of relative weights or network
structure is the key to determining the PI itself. Sec-
ondly, although PI is estimated by using scores at
three points in time [i.e., past, present, and future
(target)], it corresponds only to performance at
present because PS merely indicates a present eval-
uation of a target. If the target of a node is set lower
to compare with another node, the PS of the node
will be large. Moreover, if actors in all nodes keep
the target low, then PI will become large. However,
this does not necessarily imply that the perfor-
matce is good. Thirdly, PS is estimated by using
scores that actors grade for each period. PS indi-
cates not an absolute score but a relative score. This
procedure may be preferable when performance
must be calculated with differing units.

Decomposing Network and Linkage Effects

The PI calcuiated above results from a mixed ef-
fect due to a node’s own development and its link-
ages within the network. A major aim in applying
NA to a tourism destination is to estimate the rela-
tionship between increasing linkages and its effect
on tourism development. Here we consider the net-

work as a type of inftastructure; developing a net-
work directly contributes to overall destination per-
formance, and network expansion contributes to an
increase in welfare (income, employment, etc.) at
each node. The following procedure quantifies the
effect of a changing pattemn of a network on the
overall outcome in terms of income at a tourism
destination.?

To make the analysis simple, the outcomes of the
tourism sector are assumed to be measured by in-
come, or equivalently, production. The income lev-
el is hypothetically determined by:

yi=1i ["»Z’ﬁ"faznf]: I
7

JA
=1 when jdirectly tied toi,or I,
=Qotherwise “(3)

where y, is income, #, is total inputs at node i, such
as employment. It is assumed that there are two lay-
ers of effects from a network; one is the direct ef-
fect, which stems from other nodes that link direct-
ly to node /, and the other is the overall externality
of the network.? In fact, it may be difficult fo esti-
mate equation (1) within a nonhnear formation.*
Following the Taylor expansion, the evolution of
the tourism destination network can be given by a
linear function:

Ay, = fuln,+ £, 2 (Alyn, +1,An )

Jei

2 (n )b, @

In this equation, each partial derivative £, , f,,, and
f, indicates the effect of change in the size of node
i itself, the change in the size of other node’s and
additional links with node #, and the change in the
total network, on the outcome at node i, respective-
ly. €, is the reminder of linear approximation, but
hereafter is ignored.

Expressed as a matrix, equation (4) will become:

AY=F AN +[FALUN+ FI'AN]+ F,AN°,
= {[F, + FL/IAN+ FAN®} + EAL'N (5)
where F, is a diagonal matrix whose components

consist of f,. £ is a matrix whose elements consist
of Iﬁ. AL is a matrix whose components are Al,,j. AN
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is a vector whose elements are an increment of ca-
pacity of each node and AN" is a vector whose ele-
ments are the sum of all node’s increments of ca-
pacity. N is a vector whose elements are n,

The first expression on right-hand side of
equation (5) indicates that an increment of output
can be decomposed into three factors. The first is
a direct effect due to changes in the capacity of
node itself; the second is a network effect via
linkage among nodes through which a changing
pattern of the network can influence output; and
the third is an overall effect of a network destina-
tion. The second expression in equation (5) sepa-
rates the effects into two parts. One is the effects
due to changes in nodes’ capability/capacity and
another is the effects due to changes in linkage
pattern. In this regard, the former might be
named scale effects and the latter might be named
linkage effects. A change in output at each node
can ocecur due to both scale effects and linkage
effects.

In this example, changes in the links of the net-
work cause various centralities such as closeness
centrality to change; and the following clarifies the
relationship between AL and centrality, The simple
example given by Figure 1 is used, and attention is
directed to “closeness centrality,” formulated by
equation (1) and equation (2). From equation (1),
so long as the change in the network structure does
not involve new nodes, a change of centralization
index can be deduced by:

(Z—;%f[ﬁ_,m’(f,n] ©)
IERALH)

In this formula, it should be noted that, as far as
our simple case is concerned, the difference of the
adjacency matrix between two points of time, indi-
cated by AL, is the same as the difference of the
distance matrix at each point of time, In a matrix
formula, this equation can be given by:

AC,2(i)=

AC'=ADG = ALG. Q)

where AC"' is a vector whose elements are ACY({)
and G is a vector whose elements are

I-g

(Zhaen)

AD is a matrix whose components are d(ij). By
definition, AD = AL, Therefore, factors that change
the pattern of the network, in particular a change in
linkages among nodes, have an influence on the
changing pattern of various outcomes at each node
in the network.

Conclusion and Further Remarks

It is clear that tourism in a region where the
nodes of stakeholders are related to each other can
be developed thorough investment or improvement
of capacity building at each node, or through net-
working in a tourism destination. In this research
note, following network analysis (NA), we have
provided some technical procedures that enable us
to give a quantitative analysis not only from a static
but also a dynamic perspective. In particular, the
rescarch note develops a dynamic analysis of the
fourism destination network, which assumes fwo
periods: from the past to the present and from the
present to the future (or the target). Incorporating
these two stages, it becomes possible to analyze the
relationship between network development and
node development. This research note introduces
two methods as typical analytical measures; one is
the use of the quantitative data, which is collected
from the actors at each node and, therefore, may
well be subjective, depending on their personality,
memories, and expectations. In this tegard, it was
shown that incorporating a fuzzy analysis enabled
us to avoid some degree of ambiguity of the data
and the overall performance of the network should
be estimated though there were some prototypes.
This method might be the casiest way to evaluate
the dynamic process of networking and tourism de-
velopment.

Another method is the analysis of factors that af-
fect the dynamic process of network effects. In the
first method, it is unclear what factors are impor-
tant, including networking and promotion of tour-
ism development. To analyze the possible factors
to promote tourism development, an output func-
tion including inputs and factors of networking de-
velopment was introduced. Hence, it was shown
that there are three major factors to produce tour-
ism development in a network destination: the self-
capacity building of nodes, the total effect of tour-
ism destinations, and the network effect on each
node through changing patterns of network struc-
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ture. This procedure utilizes official data, such as
income at each petiod of time. From a research per-
spective, these two analytical methods should be
applied depending on the data available.

There are a number of technical issues that need
to be addressed. As already mentioned, a small
number of sample data may be efficiently analyzed
by using a fuzzy function and by estimating the
performance scores (PS) for each node or the per-
formance index for entire network destination (PI),
One problem is to investigate how PS or PI is re-
lated to the changing pattern of network structure
of the tourism destination network. Of course, the
main farget of this research is to estimate the per-
formance of the tourism destinations and to invest-
gate its cause and effects using network analysis
perspectives. The next step is clearly to put the
methods developed here to practical use,

Notes

'In a real network, there might be many effects affecting
the centrality, including a geometrical distance and decay
effects in travel time along links. In this research note, we
ignore these effects for simplicity,

*Equation (3) may demonstrate “increasing returns”
through network effects. While the derivative with respect to
the first term is decreasing, the derivatives with respect to
the second or the third terms may be “increasing.” This oc-
curs through interrelationships among nodes that are linked
together. The same “increasing returns™ are found in input—

output analysis where there are mutual positive multiplier
effects among industries, and also i the “increasing return”
production function with respect to production factors,

3In equation (3), only the case of new links with bidirec-
tion is considered. However, it is possible to incorporate a
deepening of the link by setting I to be more than 1. More-
over, it is elso possible to tbink about one-way links between
nodes, for example, by setting f,=1but /.= 0. According to
this procedure, we can introduce a valued directed graph into
the NA.,

1As a referee commented, whereas the Taylor extension
makes a nemerical procedure simple, this nonlinearity may
have important effects on NA. Some mixed effects caused
by development of both nodes and links, for example, can be
expected to affect the outcomes in equation (3}, and this is an
arca for further research,

References

Chan, F., Qi, H., Chan, H,, Lau, H., & Ip, R. {2003). A con-
ceptual model of performance measurement for supply
chains. Management Decision, 41(7), 35-641.

Dredge, D, (2006}, Policy networks and the organization of
tourism. Tourism Management, 27(2), 269-280.

Freeman, L. C. (1979). Centrality in social networks concep-
tual clarification. Social Nefworks, 1(3), 215-239.

Font, X, Tapper, R., Schwartz, K., & Kornilaki, M. (2008).
Sustainable supply chain management in tourism. Busi-
ness Strategy and the Environment, 17, 260-271.

Pyo, §. (2010). Measuring tourism chain performance. Ser-
vice Industries Journal, 30(10), 1-14,

Scott, N., Cooper, C., & Baggio, R. (2008), Destination net-
works: Four Australian cases. dnnals of Tourism Re-
search, 35, 169-188.




