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ABSTRACT  

The tourist demand has a vital influence on the planning and projection of the decision 

makers in this activity. In this sense, prognosising the tourist demand, thus integrating 

the productive chains to the rest of the socio-economic activities of the production and 

service processes, becomes an unavoidable tool. The objective of this work is to 

elaborate a prognosis model for the tourist demand through the use of techniques of 

temporary series, which allows predicting the behavior of tourism, sustained in the Box-

Jenkins methodology and which supports the process of decision making in Cubanacán 

Hotel Chain of Pinar del Río, Cuba. It was possible to formulate a rigorous model with 

the use of statistical-mathematical methods as guiding axes of the research; also, it was 

modeled the tourist demand until December 2019.  

Keywords: demand; Box-Jenkins methodology; time series; tourism 
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RESUMEN  

La demanda turística influye de manera vital en la planificación y proyección de los 

decisores en esta actividad. En tal sentido, pronosticar la demanda turística, integrando 

de este modo las cadenas productivas al resto de las actividades socioeconómicas de los 

procesos de producción y servicios, se convierte en una herramienta insoslayable. El 

presente trabajo tiene como objetivo elaborar un modelo de pronóstico para la demanda 

turística mediante el empleo de técnicas de series temporales, que permita predecir el 

comportamiento del turismo, sustentado en la metodología Box-Jenkins y que respalde 

el proceso de toma de decisiones en la Cadena Hotelera Cubanacán de Pinar del Río, 

Cuba. Se logró formular un modelo riguroso con la utilización de los métodos 

estadísticos-matemáticos como ejes rectores de la investigación, además, se modeló la 

demanda turística hasta diciembre de 2019.  

Palabras clave: demanda; metodología Box-Jenkins; series temporales; turismo

 

RESUMO  

A procura turística tem uma influência vital no planeamento e projeção dos decisores 

nesta atividade. Neste sentido, a previsão da procura turística, integrando assim as 

cadeias produtivas com o resto das atividades socioeconómicas dos processos de 

produção e de serviço, torna-se uma ferramenta inevitável. O objetivo deste documento 

é desenvolver um modelo de previsão da procura turística utilizando técnicas de séries 

temporais, que permite a previsão do comportamento turístico, baseado na metodologia 

Box-Jenkins e que apoia o processo de tomada de decisão na Cadeia de Hotéis 

Cubanacán em Pinar del Río, Cuba. Um modelo rigoroso foi formulado utilizando métodos 

estatísticos-matemáticos como princípios orientadores da investigação. Além disso, a 

procura turística foi modelada até dezembro de 2019.  

Palavras-chave: procura; metodologia Box-Jenkins; séries temporais; turismo

 

 

INTRODUCTION  

Deficient planning of tourism implies bad management that, without a doubt, degrades 

this activity. Destinations around the world benefit when this sector is properly managed, 

based on adequate planning (Hącia, 2019). The integrating effect that covers almost all 

sectors of the economy makes tourism one of the most diverse industries in the world 

(Meschede, 2020).  

Its social effects are innumerable and it can also be seen as an economic activity by 

defining elements. That is why the tourism sector must be able to understand the 

demand and how it will be distributed over time (Feng et al., 2019).  
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In that sense, the demand of a destination becomes a very important object of study: 

to know the characteristics of the travelers, to which segment they belong, the tourist 

expenditure, the levels of satisfaction, among others. The analysis of the distinctive 

features of tourism demand leads to the design of actions so that the destination is 

capable of satisfying the needs and desires of the tourist (Chenguang Wu et al., 2017).  

Focusing on long-term prognosising (monthly, quarterly, and annual) of relatively large 

areas (provinces, countries, and regions) allows for the estimation and analysis of future 

demand for a particular product, component, or service through different prognosising 

techniques. Prognosising future demand is central to any planning and operational 

activity, particularly in activities related to logistics and the supply chain.  

It is evident the relevance of prognosising to plan the productive system, the supply and 

the dispatches, so that the supply chain operates correctly. These tools allow for 

relevant, precise and reliable information to be obtained; therefore, it is necessary for 

companies to correctly use the most appropriate models and procedures for this purpose 

(C. Li et al., 2020).  

At the organizational level, demand prognosising is an essential input for any decision in 

the different functional areas: sales, production, purchasing, finance and accounting. 

Prognoses are also necessary in distribution and procurement plans. The importance of 

a prognosis with a low margin of error is fundamental for efficiency and effectiveness. 

This has been largely recognized by various authors (Shaowen Li et al., 2018).  

Framed in this context, there are the antecedents of the first researches regarding the 

prognosis of tourist demand in Cuba, which are not numerous, but the existing ones 

contain a high degree of practical and scientific novelty. Such is the case of the prognoses 

carried out by the Center for Tourism Studies of the University of Havana and by the 

National Institute of Economic Research of the Ministry of Economy and Planning of 

Cuba.  

Among the most relevant authors that deal with elements on the studies of tourist 

demand in Cuba, they stand out: Figuerola et al. (2005), Rigol Madrazo et al. (2009), 

Josefá Barbosa and Parada Gutiérrez (2010), Rodríguez Betancourt and Estévez Mártir 

(2012), La Serna Gómez (2012), Delgado Castro and Martín Fernández (2014), González 

Laucirica and Santa Cruz Rodríguez (2014) and Díaz Pompa et al. (2020).  

In a general way, these researchers propose models that contemplate, as advantages, 

characteristics of the prognosis of the tourist demand in the short and medium term; 

they include factors that can modify the prognosis of the demand in the tourist sector, 

besides segmenting the emitting market; but they do not cover, in an explicit way, the 

diverse factors that have influenced through time. There are few easy to use 

mathematical models, based on computer tools; tourism demand prognoses lack 

projections with different margins of error for a more in-depth analysis or simply mention 

the tourism demand prognosis as a fundamental tool for decision making without making 

practical use of it.  
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Therefore, this research proposes as an objective: to elaborate a long-term prognosis 

model for tourist demand, through the application of Box-Jenkins methodology, which 

allows characterizing the tourist evolution in this strategic sector for Cuban economy and 

projecting prognoses with different levels of reliability.  

  

MATERIALS AND METHODS  

Documentary analysis and scientific observation are used to characterize the current 

situation of tourist demand in Pinar del Rio, Cuba. There are used statistical-

mathematical methods and tools such as the Box-Jenkins methodology (Box et al., 

1970). There were used the soft wares R 3.6.3 and R Studio 1.2.5033 for the processing 

of data and available information. Theoretical methods were also used to review the 

development of the current tourism management processes in Pinar del Río. For the 

analysis, the series number of monthly tourists between January 2006 and December 

2018 was used.  

The prognosis begins with the identification of the Autoregressive Mobile Media 

Integration Process, using the auto-arima functions of the R software. With the 

estimated parameters, the model is formed and validated through the analysis of the 

residues. The residues must be unrelated so 

that the model is suitable. This is what is known as the Box-Jenkins methodology 

(Petrevska, 2017).  

Integrated Mobile Media Self-Regressive Model  

ARIMA is recognized as one of the most important statistical prediction models in time 

series research and was created by Box and Jenkins in 1970. It marked the beginning 

of a new generation of prognosising tools, popularly known as Box-Jenkins methodology, 

but technically known as ARIMA methodology.  

It is composed of two models, the Autoregressive (AR) and the Mobile Sock (MA). It has 

specific parameters for the time series: the p and q parameters, which represent the 

order of the AR and the order of the MA, respectively. A parameter d is added to 

represent the number of differences (Shuyu Li et al., 2018).  

The AR model is written as: yt = c + a1yt-1 + … + apyt-p+ut, donde a1,a2,a3,…,ap are the 

parameters of the AR, c is a constant, p is the order of the AR, and ut is the white noise. 

Continuously the model MA can be written as: yt = μ + ut + m1ut-1 + … + mqut-q, where 

m1,m2,m3,…,mq are the parameters of MA, ut,ut-1,…,ut-q are the terms of the white noise 

and μ is what is expected from yt. Integrating these models to obtain the ARIMA model, 

we have the following expression: yt = c + a1yt-1 + … + apyt-p + ut + μ + ut + m1ut-1 + … 

+ mqut-q , where p and q are the terms of the autoregressive and moving average process 

respectively.  
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Integrated Autoregressive Seasonal Mobile Media  

The Integrated Self-Regressive Seasonal Moving Average Process (SARIMA) is an 

extension of ARIMA in case the stationary series presents the seasonal component, which 

includes new terms for order 12 differentiation (Bakar & Rosbi, 2017).  

The seasonal ARIMA models (P, D, Q) complement the general non-seasonal ARIMA 

model (p, d, q), developed to capture the quarterly or half-yearly seasonal patterns 

present in the time series (Box et al., 1970). The combination of non-seasonal ARIMA 

(p, d, q) models with seasonal ARIMA (P, D, Q) leads to the SARIMA (p, d, q)×(P, D, Q) 

model, also known as multiplicative ARIMA (López et al., 2017). In aggregate form, its 

general representation is: 

where: d is the number 

of regular differences, D is the number of seasonal differences, s is the seasonal 

amplitude, α optimal constant, q is the number of components of moving averages, Q is 

the number of components of seasonal moving averages, θq are the coefficients of 

moving averages, ΘQ are the coefficients of seasonal moving averages, p is the number 

of autoregressive components, P is the number of seasonal autoregressive components, 

Øp are the coefficients of autoregressive processes, Φp are the coefficients of seasonal 

autoregressive processes.  

Autocorrelation function  

The autocorrelation function (ACF) is a very useful tool in identifying the order of an MA 

model. The ACF of an MA(q) is cancelled after the q delay, i.e. ρk ≈ 0 para k > q, then 

the process can be modeled using a moving average procedure of order q, MA(q). The 

ACF represents graphically the correlation values for k time delays (Petrevska, 2017).  

Given the stationary assumption, where var(yt) = var(yt-1) the autocorrelation function 

is called the partial autocorrelation function (PACF), it represents in the graph the values 

for a k lag and is implemented to select the order of the AR process. This PACF is built 

from the following expression: .  

Both are used for residue analysis and to check whether the model is suitable or not.  

  

RESULTS AND DISCUSSION  

To fulfill the objective, a univariate analysis of time series was applied, in order to 

observe the behavior of the series of tourist demand in the Cubanacán Hotel Chain, in 

the period between January 2006 and December 2018. It should be noted that a time 

series is composed of trend, cyclical fluctuation, seasonal variation and irregular 

movements.  
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When making the graphic representation of the series, it can be classified as stationary, 

since it oscillates around the historical average value of 4364 tourists as can be seen in 

figure 1. The Dickey-Fuller test, increased by R, confirms this classification, with a 

probability value of 0.02647, not exceeding the significance level of 0.05. It should be 

remembered that this has as an alternate hypothesis that the time series is stationary.  

 

Fig. 1 - Time series of the monthly tourist demand (Cubanacán Hotel Chain, 2006-

2018)  
Source: R, version 3.6.3 

By breaking down the time series for trend and seasonality analysis, a graph containing 

each component of the series, obtained by the moving average method, is presented. 

Figure 2 shows the observed values, the seasonal component, the trend and the 

residuals.  

Three important fluctuations are also observed: the first begins in 2008 due to the world 

economic crisis and the scourge of hurricanes Gustav and Ike; the second is evident as 

of 2013, when the world panicked over the pandemic outbreak of Ebola disease and the 

third, after 2015, due to the opening of Cuba-United States relations; however, they 

show a decrease as of 2017 as a result of the decline in these relations.  
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Fig. 2 - Method of decomposition by moving averages additive model for the tourism 

demand time series (Cubanacán Hotel Chain)  
Source: R, version 3.6.3 

In the box graphs, you can see that the years with the highest peaks were 2006, 2007, 

2013 and 2016. In 2013, the highest number of visitors occurred with a low variability 

and the decrease from 2017 is corroborated (Fig. 3a).  

 

Fig. 3 - Box graphs of tourist demand by year and month (Cubanacán Hotel Chain)  
Source: R, version 3.6.3 
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If the series is described by months, the seasons that predominate in the hotel chain 

can be observed: high season and low season. The high season is conceived from the 

arrival of the months of low temperatures in the northern hemisphere (from November 

to April) and the low season, the warmest months (from May to October). From the 

graph in figure 3b, it can be seen that the months with the most stability for tourism are 

January and May. This is not the case for the months from August to November.  

Table 1 shows the average tourist demand by year and by month. It allows us to 

determine the years and months of highest and lowest demand.  

Table 1 - Average for the tourist demand per year and per month 

Month Average  Year Average Year Average 

Ene 5171  2006 4699 2018 3456 

Feb 4779  2007 4644   

Mar 5506  2008 4121   

Abr 4950  2009 4419   

May 3778  2010 4448   

Jun 2902  2011 4287   

Jul 5061  2012 4287   

Ago 2870  2013 5023   

Sep 2936  2014 3798   

Oct 3616  2015 4013   

Nov 5177  2016 4566   

Dic 4383  2017 4292   

Source: Own elaboration 

The correlogram of the series of tourist demand in the Cubanacán Hotel Chain, shown 

in figure 4, allows us to verify that there is a predominance of the seasonal component, 

evidenced by the presence of a relative maximum for delay 12; in addition to the 

presence of the trend component, but to a lesser degree, as the values of the 

autocorrelation function go from positive to negative.  
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Fig. 4 - Graph of the autocorrelation function for the tourism demand time series 

(Cubanacán Hotel Chain)  
Source: R, version 3.6.3 

When detecting these elements, based on the characteristics of the series, the most 

recommended option is to use SARIMA models. It will be necessary to make a 

differentiation of order twelve to eliminate the seasonality and thus achieve a purely 

stationary series prior to the application of the model.  

For the selection of the most suitable model, R's auto-arima function was used. From 

known predictability criteria, i.e., the Akaike Information criterion (AIC), the Corrected 

Akaike Information criterion (AICc) and the Bayesian Information criterion (BIC). In 

addition, accuracy measures such as Mean Percentage Error (MPE), Mean Absolute 

Percentage Error (MAPE) and Mean Absolute Scale Error (MASE) are used. Table 2 shows 

the results obtained through the software.  

Table 2 - SARIMA models for the tourist demand time series 

ARIMA tourist demand series (0.0.0) (1.0.0) [12] 

Coefficients Sar1 Average 

  0.5412 4217.399 

s. e 0.0683 226.816 

AIC=2697.39 AICc=2697.55 BIC=2706.52 

MPE=-138.9312 MAPE=157.0537 MASE=1.064214 

Source: Own elaboration 

The most suitable model that minimizes all dispersion measures is a model with an order 

twelve and order one differentiation in the autoregressive part of the seasonality, that 
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is, a SARIMA model (0, 0, 0) (1, 0, 0), with model equation 

.  

To validate the model, the Ljung-Box-Pierce contrast, also known as the portmanteau 

test, is performed. The null hypothesis is that the first autocorrelations are null. The 

result, with a probability value equal to 0.1894, implies that the correlations are 

statistically equal to zero and, therefore, it can be assumed that the residuals behave as 

white noise.  

This means that the standardized waste varies around the neutral, without trend, with 

constant variance and no outliers. Approximately 95% of the standardized residuals 

should be between -2 and 2 standard deviations.  

The prognosis of the monthly tourist demand of the Cubanacán Hotel Chain for the year 

2019 is shown in the R output of table 3. In this, the prognosis is observed through 

intervals for 80 and 95% confidence.  

Table 3 - Prognosis of the tourist demand for 2019 

Month Year Prognosis Inf 80 Sup 80 Inf 95 Sup 95 

Ene 2019 4740.0 2924.5 6555.0 1963.4 7516.5 

Feb 2019 5141.6 3326.1 6957.0 2365.0 7918.1 

Mar 2019 5232.5 3417.0 7048.0 2456.0 8009.0 

Abr 2019 2406.1 590.7 4221.6 -370.3 5182.7 

May 2019 3515.7 1700.2 5331.2 739.2 6292.2 

Jun 2019 2880.8 1065.3 4696.3 104.3 5657.3 

Jul 2019 2880.8 1065.3 4696.3 104.3 5657.3 

Ago 2019 2902.5 1087.0 4717.9 125.9 5679.0 

Sep 2019 3203.4 1387.9 5018.9 426.9 5979.9 

Oct 2019 4230.7 2415.2 6046.1 1454.1 7007.2 

Nov 2019 3644.0 1828.5 5459.4 867.4 6420.5 

Dic 2019 3907.0 1842.7 5971.3 749.9 7064.1 

Source: Own elaboration 

By means of the plot function of R, it is possible to obtain the graphical representation 

of the series tourist demand, with its prognosis for the next year as it can be observed 

in figure 5.  
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Fig. 5 - Tourism demand prognosis (Cubanacán Hotel Chain, year 2019)  
Source: R, version 3.6.3 

With the Box-Jenkins methodology, the mathematical model of temporal series was 

obtained, which made it possible to model the tourist demand in the Cubanacán Hotel 

Chain for the year 2019. The prognosis of the demand is pertinent, even if the data 

referred to the study about what has passed from 2020 are added. Obviously, the 

situation of the pandemic associated with the COVID-19 will introduce heterogeneous 

mechanisms, but that would ratify other external processes that cannot be ignored.  

In the temporal analysis of the series, it is observed the effect of the world economic 

crisis and the passage of hurricanes Gustav and Ike through Cuban West, it is clearly 

evidenced the negative impact in the descriptive analysis of the temporal series in 

question for Cubanacán Hotel Chain. The beneficial influence of the rapprochement in 

terms of diplomatic relations between Cuba and the United States during the period of 

the presidency of Barack Obama is also considerable.  

Therefore, the mathematical models of time series have to be present for a planning of 

the economic activity, so that the process of projection and decision making of the 

organizations is guaranteed. Its effectiveness and ease of use has been proven after 

creating a friendly methodology for the use of decision-makers, which although it 

contemplates all the empirical and statistical-mathematical methods used, with the 

appropriate scientific rigor, it can also allow hotel chains to reach a prognosis that 

guarantees an interrelationship with their entire local and international environment.  
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