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STUDYING ECONOMICS AND TOURISM INDUSTRY RELATIONS
BY SMOOTH PARTIAL LEAST SQUARES METHOD DEPENDING ON
PARAMETER

LUKAS MALEC
University of Business in Prague, Department of Information Technologies and Analytical Methods,
Spalena 76/14, 110 00, Prague 1 — New Town, Czech Republic
email: Lukas.Malec@vso-praha.eu

Abstract

This study deals with two-set statistical method of partial least squares (of its specific form
abbreviated as PLS-SVD) and its generalization to the smooth form of this technique using
the time parameter. In such an arrangement, the one set can be studied in the time lag
considering the other set. The mathematical background dealing with smooth processes of
eigenvalues and eigenvectors is included as a consequence of implicit function theorem. The
set of five selected economic indicators and the set of three tourism indicators, which are
applied to the Czech Republic vs. Poland countries, serve as practical examples. The
fundamental year scale of worldwide recession and post-recession data is replaced by a cubic
spline interpolant. The practical results show quite different spatial and temporal concept in
the processes and relations considering both countries. It seems that the Czech Republic
processes are lagged in relations due to the composition of guests and the economic
parameters be linked only to the country studied. The economic indicators influence tourism
in some sense contrary in both countries.

Key words: multivariate analysis, partial least squares, smooth function, tourism.
DOI: 10.15611/amse.2014.17.19

1. Introduction

Tourism industry is a very important part of the economy which is generally influenced in
global scale, but also by various conditions provided by the individual territory. According to
the Tourism Satellite Account methodology, tourism and connected activities plays an
important role in direct impact on gross domestic product and employment for most of the
European countries. The economic parameters act in many directions. They especially
influence per-capita tourism expenditure, number of arrivals and overnight stay decisions.
Also, the relations are very complicated due to the global events such as worldwide recession
(years 2008 and 2009) and consequent economic growth which also lead to competition
between destinations. The worldwide recession and its consequences are particularly affecting
the visits of international tourists, especially contributing to national economies. The fall in
international tourism arrivals was registered in second half of 2008 resulting worldwide in an
only 2% increase for the year (World Tourism Organization) followed by 4% decrease in
2009. The 2009 events are also intensified due to the outbreak of the HIN1 influenza virus.
Till now, the tourism sector is recovering from the late-2000s recession.

Due to phenomenal growth of tourism demand over the past two decades the research and
consequently the number of publications growth on this topic. The research methods include
time series models, econometric approaches as well as emerging new parametric and non-
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parametric techniques. Good summary of modelling and forecasting techniques in tourism is
published by Song and Li (2008). Presently, the very promising approach to compare
economic time series is the cointegration; e.g. in the study of Savas et al. (2010), the relation
of volume of international tourism and real exchange rate to economic growth is revealed.

In tourism, PLS-like methods are almost exclusively applied in its special form called
structural equation modelling (PLS path modelling) as Prud’homme and Raymond (2013).
Our task can be interpreted by the partial least squares method, more specifically of its special
form called robust canonical analysis, canonical covariance or intercorrelations analysis and
abbreviated as PLS-SVD. Good theoretical background of this method is described in (De Bie
et al., 2005; Wegelin, 2000; Lorber et al., 1987). In the context of two data sets, such method
searches for a linear system of variables from the first set and a linear system of variables
from the second set that captures maximal relations (covariances) between those sets. PLS
(PLS-SVD) technique is especially useful in cases of rank-deficient data (when the number of
variables exceeds the number of observations) and in case of the collinearity or near
collinearity within sets which in variety of known regression methods produces instability of
algorithm and misleading interpretation of results. The extension of PLS-SVD method to
smooth process depending on time parameter is incorporated in this study. The corresponding
theory is presented in link with the well-known process of eigenvalues spectrum over time
employing the one-set correlation matrix.

As the areas of interest, the Czech Republic and Poland countries, placed in the Central
Europe, were chosen and mutually compared. Excluding the history of both countries, they
are currently more associated in some areas. Poland, as well as the Czech Republic, entered
EU in 2004, although they keep their own currencies, i.e. Polish zloty and Czech koruna,
respectively. Both are presently members of the Visegrad Group, an alliance for the purposes
of European integration efforts and advancing their cooperation with one another. From the
tourism point of view, the Czech Republic is more concentrated on international tourism.

The economy (business) cycles are often considered as lagged to the tourism (see e.g.
Guizzardi and Mazzocchi, 2010). This study in some sense confirms such assumption and is
arranged to examine the influence of economic parameters during the worldwide recession
and post-recession period on national and international tourism and their ratios. The economic
variables are considered only as the country-specific parameters acting in constant points of
time to each other and they are arranged in the way to express the conditions for consequent
potential tourism interest. The data are examined in both countries as the separate analyses.
The key question of this study is to find the lag in time series given by maximum eigenvalue
of smooth PLS method and study in which way the economic parameters influence the
tourism industry, especially in the points of such maxima.

2. Experimental
2.1 Database studied

In this study, the annual time series data covering 2006 — 2010 (inclusive) economics and
2006 — 2012 (inclusive) tourism parameters (individual variables) are investigated in the Czech
Republic and Poland by using Eurostat database. The five economic indicators include the gross
domestic product at market prices (at current prices) in EUR, exchange rates (EUR) vs. national
currencies, consumer prices (harmonized indices of consumer prices — annual average indices),
real adjusted gross disposable income of households (EUR, households and non-profit
institutions serving households) and unemployment rate; the three tourism indicators are total
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number of arrivals in tourist accommodation establishments, the non-residents/residents ratio in
arrivals and nights spent at tourist accommodation establishments.: Those variables are from the
range of which often used in tourism demand functions together with the arrivals and overnight
stays parameters (Lim, 1997). The Eurostat gathers the data from the national statistical offices
and promotes the harmonization of statistical methods over its member states, candidates for
accession and European free trade association countries.

2.2 Methods

The reason why to choose PLS method are strong linear within-set relations, i.e. strong
similarity of within-set profiles in our case which means an unambiguous disruption of the
input assumptions of other well-known methods such as the canonical correlation analysis,
(see Krzanowski, 2000, p. 436). Moreover, we are interested in the covariances rather than the
differences between the sets as followed by two-set linear discriminant analysis (although the
close connection of PLS to discriminant analysis exists, see e.g. Barker and Rayens, 2003)
and number of non-parametric techniques dealing with such a type of problem. The time
processes of eigenvalues and corresponding eigenvectors are specific in natural sciences,
especially in theoretical physics although in branch of financial time series this approach is
also applied (Fricke, 2012; Conlon et al., 2009). In such areas, the eigenvalue spectrum over
time is studied on the one-set correlation matrices that means (after considering the inputs as
smooth functions) finding the processes of method known as principal component analysis. In
this study is performed the smooth processes of eigenvalues and eigenvectors of the between-
set correlation matrix (PLS method) which procedure can easily be extended from one-set
correlation matrix. Due to straightforward theory, we concentrate our attention on the time
processes of the leading eigenvalue describing our data, and the corresponding eigenvectors.
The fundamental year scale in data is replaced by piecewise polynomial form of the cubic
spline interpolant providing the second derivative continuous. Because the preceding data
exists, the cubic spline interpolation was started one year before the entry to the analyses in
our study, i.e. the spline is processed from the year 2005.

The algorithm is written by the author using MATLAB 7.1 (Mathworks, Natick, MA,
USA) software platform. The source code is available on request. The singular value
decomposition built-in function is used in the process of the algorithm.

3. Smooth PLS by parameter

Let introduce the two sets of smooth functions (of class C®), i.e. (x(t), X, (t),..., X, (t)),
te(t,t) and (y,(1), V,(1),....ys(1)), te(t, t +1t,). Nextwe introduce &< (0,t,); the times in
interval <tl,tk> are chosen in discrete points equidistantly. We mark the matrices
% () - x(t) Yi(t,+6) - Y (L, +9)

3 and Y (5) = :

X = : :
Xl(tk) Xr(tk) Y1(tk+5) ys(tk+5)

I The parameters are abbreviated as follows: GDP — gross domestic product, EXCHR — exchange rates, CPRI —
consumer prices, INC — incomes, UNEMP — unemployment, TARR — total humber of arrivals, NR/R — non-
residents and residents arrivals ratio and NIGHT — nights spent.
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of types (k,r) and (k,s), respectively. The matrix Y (&) is dependent on parameter & and its
elements are also smooth functions.
We consider the matrices X and Y (o) as standardized by variables, i.e. in the column-

standardized form. In such a case, our task can be interpreted by the partial least squares
method, more specifically of its special form called robust canonical analysis, canonical
covariance or intercorrelations analysis and abbreviated PLS-SVD (Wegelin, 2000; De Bie et
al., 2005) by generalization to smooth form of this technique using parameter 6. We define
this specific problem as

max u'(0) XY (8)v(0)

02u(8)eR",0%v(5)eR® (1)

st.u'(o)u(o) =Vv'(0)v(o) =1.

The solution of optimization task (1) for every o is realized by the leading singular value
o,(0) and corresponding singular vectors u (o) and v,(5). The leading singular value o, (95)
equals the maximum value of (1), thus of generalized system

( | 0 XY (5))[u(5)} _ 0(5)(u(5)} @)
Y'(0)X 0 v(9) v(9)
which is the task for finding singular value decomposition of matrix XY (&) (Golub and Van
Loan, 1996, p. 70; Wegelin, 2000).

In the following, we show that vector (o,(5),u,(5),V,(5)) is smooth function of parameter
o as a consequence of implicit function theorem. The equation (2) is equivalent to system

XY (8)Y'(8) Xu(S) = a*(S)u(d)

3
Y'(S)XXY (8)V(S) = &* (S)V(S), 9

thus task of finding eigenvalues and corresponding eigenvectors of symmetrical matrices.
As a consequence of the theorem 21.15.1 of Harville (1997), p. 564, which has a local

character, we conclude the following statement. If the leading eigenvalue &7(5) of system
(3) is for all & simple (i.e. its multiplicity is 1), than we can choose corresponding
eigenvectors u, (o) and v,(o) in such a way that function

(67(5), u(8),v,(5)) @)

is smooth on interval (0,6).

Let 0,(5,) and Y,(5,) be the eigenvectors of task (3) corresponding to eigenvalue o7 (d,),
8 €(0,8). If u(s5,)=0,5,) and v,(5,)=V,(&), then (4) is determined unambiguously.2
Also is guaranteed that the corresponding own subspaces &7 (5) has a dimension 1.

2 The numerical computation of (4) can be completed by the set (2) using singular value decomposition theory or
by (3) using spectral decomposition theory.
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4. Results and discussion

By initial inspection of input data is detected that while in the Czech Republic, the ratio of
non-residents and residents arrivals is more or less balanced, in Poland the conditions are
more favoured to residents as about 78% of arrivals considers this set. The time processes of
singular values are expressed graphically, see Figs. 1 and 2. It is evident that the relation of
economic parameters and tourism is lagged in the Czech Republic.

3r 3
2.5} 2.5}
aq (5) 251 (6)
2 2
1-5 1 1 1 ] 1.5 I 1 1 |
0 0.5 1 1.5 2 0 0.5 1 1.5 2
§ (years) § (years)

Figure 1. The Czech Republic singular value  Figure 2. The Poland singular value

time process time process
Source: author Source: author

Dealing with the Czech Republic, the most related outcomes of first-order smooth PLS
method considering both sets and our time interval 2006 — 2012 (inclusive) are for time lag
almost one year as having maximum singular value approximately equal to 2.7. We can see
from Table 1 that the relations of economic and tourism parameters with such a lag in
economy are characterized by similar processes of non-residents arrivals favouring ratio, total
number of arrivals and nights spent and exchange rates parameter opposite to gross domestic
product and consumer prices. This is in agreement with the theory as forming ideal conditions
for international tourism. Note that the relation of non-residents and residents arrivals ratio is
not valid without time lag in economic parameters. This is in accordance with often
considered economic lag given e.g. by Savas et al. (2010), probably due to elasticity in price
and incomes. Also the unemployment rate is important without time lag as acts opposite to
arrivals and nights spent.

The composition of guests (with prevalent share of residents) in Poland differs in
comparison to the Czech Republic. Obviously due to this reason the maximum relation
between economic parameters and tourism industry is detected without time lag. Also the
relations between sets are highly different to the Czech Republic. The processes of resident
arrivals (in the ratio of non-residents and residents arrivals), total number of arrivals and
nights spent act similarly to gross domestic product and incomes opposite to unemployment
rate. The economic parameters are set up to form residents-like conditions in Poland.
Contrary, the composition of guests acts in the same direction on the selected economic
parameters. Note that from the coefficients of the analysis considering one year lag in Poland
is also evident the influence of international tourism although it does not significantly
contribute to the total interrelations (unpublished).
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Table 1. PLS coefficients

GDP EXCHR [ CPRI INC UNEMP | TARR NR/R NIGHT
Czech Republic: 6 =0;" o(5) =2.0

-0.348 ] 0362 | 0570  |-0515 ]-039 [0611 | -0.026 | 0.792
Czech Republic: 6 =0.95; o(5) =2.7

-0.507 [ 0.504 | 0446 | -0471 ] 0261 | 0.618 | 0.380 | 0.688
Poland: 6 =0; o(5) =2.8

0502 [-0.031 [-0471 ]-0510 0515 | 0580 [ 0558 | 0.59%4

Source: author
“ Time lag is introduced in years.

It is evident from all analyses performed (see Table 1) that the night spent parameter is
more linked to economic parameters than the fundamental and well used arrivals of guests.
This variable covers in addition to arrival information also economics contribution in the form
of length of stay. Note that it is possible that the systems of leading eigenvalues prove more
extremas in the process. This study describes the first of them with time interval starting with
no lag. Also note that in addition to cubic spline interpolant, the use of piecewise cubic
Hermite interpolating polynomial applied to yearly scaled data gives almost identical results
in our particular case.

5. Conclusion

The PLS method and its extension to smooth form prove its very high usefulness in our
specific data processing situation and can serve as a useful tool for policy-makers and the
whole range of tourism industry. In such an arrangement, the relations can be studied in
maximum point of leading eigenvalue (corresponding to maximum relations) as a time
process. The Czech Republic vs. Poland countries were selected as practical examples. While
in Poland, the economics and tourism industry relations act in the same moment, the Czech
Republic relations are considered with almost one year lag considering our time interval. This
is particularly due to the composition of guests with predominant share of residents in Poland.
The Czech Republic demonstrates in lagged data positive relation of non-residents share of
arrivals, total arrivals and night spent with exchange rates opposite to gross domestic product
and consumer prices. Those are typical favouring conditions for non-residents. Contrary, in
Poland the residents share of arrivals, total arrivals and nights spent prove similar process
(profiles) with gross domestic product and incomes contrary to unemployment forming the
typical conditions for resident tourism.

It also was proved, the nights spent is more quality parameter in comparison to arrivals
dealing with relation to the selected economic parameters. It is recommended using the
parameter nights spent for future analyses covering its link to economy.
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