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A systematic solution to the numerous environmental, social and economic problems of the develop-
ment of agritourism cluster is not achievable without appropriate economic and mathematical models and tools
for their support, which would make it possible to accurately predict the main indicators of the sustainable
development of agritourism, identify the main factors of sustainable development, determine the degree of the
effectiveness of certain management decisions. The purpose is to develop a structural model for sustainable
development of agritourism, which makes it possible to predict the level of development of the tourism cluster
and assess the impact of various management decisions impact on economic, environmental and social sus-
tainability agrarian region. The article uses the method of modeling relationships between latent PLSPM var-
iables as an analysis method, and the PLS analysis is intended for analyzing high-dimensional data in a poorly
structured environment. The tool proposed in the article will allow you to determine the characteristics that
have the greatest impact on the level of agritourism development. The described PLS analysis can be used to
successfully solve the problems of sustainable development of the tourism cluster both at the level of regional
government structures and at the level of agritourism business entities. Using modern theoretical and econo-
metrical models authors made out recommendations as to develop agritourism for sustainable development of
the tourism cluster on micro- and macrolevel.

Key Words: tourism, agritourism, cluster, sustainable development, mathematical modeling in eco-
nomics.
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1. Introduction

The basic principles of the sustainable development concept in tourism was firstly defined by
the World Tourism Organization (WTO) in 1988, although it has not received widespread practical
application in tourism both in Europe and in other developed countries (Bramwell, 1993, p. 4). De-
structive trends in the functioning of tourism clusters are still prevalent in individual countries and
regions, reflecting the desire to quickly maximize profits to the detriment of sustainable development
and strategic interests. Under the influence of almost uncontrolled anthropogenic impact, accelerated
urbanization, investment and infrastructure construction, in many countries of the world, the natural
and social environment of rural regions continue degrading and losing their unique recreational po-
tential (Fong, 2017, p. 148).

Copyright © 2020. Published by Vytautas Magnus University. This is an open access article distributed under
the terms of the Creative Commons Attribution Non-Commercial 4.0 (CC BY-NC 4.0) license, which permits
unrestricted use, distribution, and reproduction in any medium provided the original author and source are
credited. The material cannot be used for commercial purposes.
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A rational and balanced policy in the field of development of both tourism (agritourism in
particular) can become one of the leading factors in successfully overcoming the crisis trends ob-
served today in rural regions of many countries (Romao, 2017, p. 4-5). At the same time, in order to
obtain a stable and lasting positive effect from the development of the agritourism cluster, strategic
planning and management should be carried out based on the concept of sustainable development.
The purpose of this concept is to increase the living standards of the local population due to economic
growth from the development of agritourism cluster in the conditions of the unconditional preserva-
tion of socio-cultural values and environmental benefits of the local community (Buckley, 2012, p.
530). A systematic solution to the numerous environmental, social and economic problems of the
development of agritourism cluster is not achievable without appropriate economic and mathematical
models and tools for their support, which would make it possible to accurately predict the main indi-
cators of the sustainable development of agritourism, identify the main factors of sustainable devel-
opment, determine the degree of the effectiveness of certain management decisions (Kirstges, 2002).

In the context of global tourism crisis caused by the COVID-19 pandemic, it is agritourism
clusters that have the greatest potential for market stability and development. Agritourism is mainly
focused on domestic tourists, which should offset the closed of external borders and the lack of inter-
national tourist arrivals. Recreation in rural areas is associated with a minimum number of social
contacts, which means that the risks of infection are minimal in comparison with most types of mass
tourism, which should increase the level of confidence of tourists in their safety. Agritourism enter-
prises are usually small family-owned enterprises, which means that they can resume their activities
faster and with less cost after a period of downtime in comparison with large tourist complexes, such
as large seaside hotels.

All the above indicates a high degree of relevance of research of this kind and their relevance
in current development conditions.

The researches of many scientists are devoted to the study of the sustainable development of
tourism. Particularly questions about sustainable development in a tourism destination context study
by J.B. Greenwood (2006); sustainable tourism indicators are investigated by Tanguay, Rajaonson
and Therrien (2012); Ottenbacher, Schwebler, Metzler and Harrington (2015); research and reality of
sustainable tourism consider by Buckley (2012), self-efficacy and sustainable rural tourism develop-
ment study by Fong, Lo and Songan (2017); Evolutionary analysis of sustainable tourism analyzed
by P. He, Y. He and Xu (2018); issues of interaction between the territory and sustainable tourism
development is investigated by Romao, Guerreiro and Rodrigues (2017); regional aspect of the sus-
tainable development model of tourism industry was studied by Aimagambetov, Bugubaeva, Bespa-
yeva and Tashbaev (2017) etc. At the same time, researchers pay great attention to the theoretical
development of the concept of tourism sustainability and its provision. Modeling of the prospects for
sustainable development of agricultural territories study by Tymoshenko and KGolovach (2018); a
dynamic model of sustainable tourism study by Tyrell and Johnston (2005); analyzing spatiotemporal
patterns of tourism in Europe at high resolution with conventional and big data sources is investigated
by Batista e Silva, Marin Herrera, Rosina, Ribeiro Barranco, Freire and Schiavina (2018) etc. How-
ever, the methods proposed by the authors only partially reflect the specifics of agricultural regions,
and therefore the results obtained are not relevant to modeling the sustainable development of
agritourism.

The purpose is to develop a structural model for sustainable development of agritourism,
which makes it possible to predict the level of development of the agritourism cluster and assess the
impact of various management decisions impact on economic, environmental and social sustainability
of agrarian region. Object is the sustainable development of agritourism clusters. Subject is economic
and mathematical modeling of agritourism development.

The basis of this study was the basic principles of the theory of system analysis, economic
and mathematical modeling and their reflection in scientific works in the field of modeling sustainable
development and development of tourism. As an analysis method, the article uses the method of
modeling the relationships between implicit PLSPM variables.
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Methodology of Partial Least Squares Path Modeling (PLSPM) it began to be widely used in
economic research in the 1970s. Partial Least Squares Path Modeling is a statistical data analysis
methodology that exists at the intersection of Regression Models, Structural Equation Models, and
Multiple Table Analysis methods. The PLSPM method is a tool for modeling relationships between
implicit (latent) variables. The PLSPM technique is designed for studying high-dimensional data in
a poorly structured environment. The conditions of the modeling problem in the PLSPM system can
be represented as: X is a block that consists of p variables and n observations. It can be represented
as a matrix. The X array can be divided into j blocks. It is assumed that each such block is dependent
with a latent variable, which is an abstract concept, perhaps even immeasurable and immaterial. All
connections between variables in this problem are divided into two types: connections between latent
variables and corresponding blocks, such connections form the external model, and connections of
latent variables with each other, such connections form the internal model. A regional agritourism
cluster is a good example of a complex system that can be analyzed using the PLSPM method. This
is because sustainable agritourism is tourism in rural areas that meets the needs of external tourists
without compromising the local rural population and nature, both now and in the future. The processes
that take place in the agritourism cluster are a system of complex interaction of environmental, eco-
nomic and social factors, the influence of which must be considered when developing a strategy for
sustainable development of the agritourism cluster.

The PLSPM method is widely used in psychology (for evaluating such qualitative indicators
as intelligence, commitment, and self-esteem), in sociology (social status), in economy (utility, level
of economic development), in ecology (soil fertility), and in other sciences (Aimagambetov, 2017).
PLSPM is freely available from the Comprehensive R Archive Network, better known as CRAN.
Since version 0.4.0, PLSPM contains a set of features for handling non-metric data (discrete, ordinal,
categorical, qualitative, etc.).

2. Results

The main problem of modeling sustainable tourism in many Eastern European regions is the
frequent lack of enough statistical data. It is almost impossible to collect statistical indicators for a
sufficiently long period that would affect not only the characteristics of economic development, but
also would be related to the development of tourism in the region, the level of social comfort, and the
costs of environmental protection (Tymosenko, 2018). Therefore, the initial task of the study was
defined as the search for a region in the country for which the following conditions are met: there is
an extensive database containing statistical data on different areas of the region’s life (economic,
social, environmental protection) for a long period of time (at least 20 years) (Ottenbacher, 2015);
the region under study should have recreational resources that are quite common in Eastern Europe,
where the development of sustainable tourism is an important task. Therefore, this is necessary to
obtained simulation results can be used with certain assumptions to develop universal recommenda-
tions for the development of tourism.

As a result of the analysis of many regions of different countries, the region in the West of
Belarus — the Grodno region — was chosen as the object of modeling. Firstly, there is a database for
this region that contains statistical information on the economy, environment, employment, and many
other areas of public life over a long period of time. Secondly, in terms of recreational resources, the
Grodno region is like many other regions of Eastern Europe — its territory contains both flat territories,
large rivers and large forests. Currently, the Grodno region is one of the most economically developed
regions of Belarus. It is characterized by a well-developed financial sector, industry, tourism and
agriculture. Due to the mild climate and fertile soils, the region is one of the first places in Belarus in
terms of agricultural production. Grain, corn, various vegetables and other crops are grown in the
fields of the Grodno region. Livestock, poultry and fishing are also well developed. In recent years,
due to a sharp increase in demand, many farms in the region have shifted to the production of
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environmentally friendly products. Due to the nature and climate in the region traditional hiking,
camping, cycling and hiking in the forests, excursions to cultural and natural heritage sites have be-
come very popular. Thus, the Grodno region can be considered as one of the options for successful
development: an economically developed region that has a high tourist attraction has preserved a rich
cultural and natural potential, and where people engaged in agriculture have a high level of social
comfort. Since this study uses statistical data on the development of the Grodno region since 1997, it
can be considered as a variant of modeling the future development of sustainable agritourism.

The study identified four latent indicators that are related to quantitative (explicit) indicators
of sustainability (Sharpley, 2000): the level of agritourism development (Agritourism sustainability),
the level of social comfort (Social sustainability), the level of readiness of society to engage in envi-
ronmental protection (Ecological sustainability), and the level of economic development (Economic
sustainability).

Indicators of sustainable development of tourism in the city, proposed by J.B. Greenwood,
are Travel Industry Employment (TIE), Travel Industry Payroll (TIP), Housing Values (HV), Local
Tax Revenues from Tourism (LTR), Number of Subsidized Children (NSC), Human Services Ex-
penditures (HSE), Unemployment Rate (UER), Environmental Protection Expenditures (EPE), Em-
ployment Ratio: Tourism to Total (ERT), Families in Poverty (FP), Public Safety Expenditures (PSE),
Economic & Physical Development Expenditures (EPD), Utility Revenues (UR), Utility Expendi-
tures (UE), Total Water Use (TWU) and Average School Bus Mileage (ASB) (Greenwood, 2006, p.
72-76). It can be assumed that these same indicators can also be used to model sustainable tourism in
an agricultural region / agritourism (Figure 1).

The external part of the model is the relationship of implicit (latent) variables (ImV) with
explicit indicators, and the internal is the relationship of only latent variables. Thus, the analytical
form of the internal part of the model is the following:

ImVa.tour = ,80 + ﬁl ImVSocialS + ﬁz ImVEcologicS + ﬁB ImVEconomicS + errory tour (11)

where ImVa.iour, IMVsociais, IMVEconomics, ImVEcologics are implicit (latent) variables, fy is a free term, £,
[2, B3 are “path” coefficients, error,.our is a residual term.

UER

EPE Social
sustainability
ERT
Ecological Develop- TIP
cologiea ment of
FP sustainability et e
PSE Economic

sustainabilitv

EPD UR UE | | WU |

Figure 1. The initial model for the study of the sustainable development of agritourism cluster

Below is an analytical view of the external part of the model formed in the course of this study:
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( Xrig = Aorie + Mg IMVg toyr + errorrg
Xrip = Aorip + Airip IMVg tour + errorrp

Xuer = Aover t Muer IMVsoes + errorygg
Xuse = Aonse + Apse IMVsocs + errorygg

4 (1.2))

Xgpp = Aoepp + Appp IMVgeons + errorgpp
Xur = Aour + Aur IMVicons + erroryg

Xepe = Aogpe + Aippe IMVicois + €rrorgpg
\ Xgrr = Aogrr + Aigrr IMVEcois + €r70Tgpr

where X7ie, Xrip, ..., Xerr are explicit variables, Aorie, Aorip, ..., Aoerr are free terms, Airie, Aimip, ...,
Aerr are load factors, errorye, errorrip, ..., errorgrr are residual terms.

In the method of modeling path coefficients using the least partial squares, we also introduce
the concept of estimating a latent variable, which is a linear combination of the corresponding explicit
variables (Y)):

The system of equations shown below reflects estimates of implicit variables:

IMVy tour = Yatour = Wrig Xrig + Wrrp Xpip + Wy Xpp + Wigr Xirg
TmVsoes = Ysocs = Wuer Xugr + Whse Xuse + Wase Xusc
ImVicois = Yecots = Wepe Xgpe + Werr Xgrr + Wep Xpp + Wese Xpsp
ImVicons = Yecons = Wepp Xepp + Wyr Xur + Woe Xue + Wrwy Xrwy + Wase Xass

(1

4)

whereby wrie, wrip, ..., wrwy we mean the external weights of the sustainable agritourism develop-
ment model.

To pre-test the model, should perform a component analysis using the PLSDEPOT package.
Component analysis confirms the correctness of the breakdown of variables by sector (Agritourism
sustainability — Social sustainability — Ecological sustainability — Economic sustainability). Analysis
of the model using the PLSPM package includes the following steps: checking internal consistency
in blocks; checking the significance of variables in the external model; checking cross-correlations
of block variables with latent variables of other blocks; checking the internal model; checking the
quality of the model according to the model’s data compliance index; optimizing the model.

The following criteria are used to check internal consistency in blocks in the PLSPM package:
Cronbach’s ak; the Dillon-Goldstein’s ppg; values of eigenvalues of the correlation matrix of explicit
variables (He, 2018). The “Economic sustainability” and “Agritourism sustainability” blocks have
good values of the coefficients ax and ppe. At the same time, the “Ecological sustainability” and
“Social sustainability” blocks have poor internal consistency (ax < 0.7 and ppg < 0.7). In the Ecolog-
ical sustainability block, the ERT and EPE variables have a negative correlation with the latent vari-
able. The UER variable with negative correlation is also present in the “Social sustainability” block.
This leads to internal inconsistency in blocks. After modifications of the FP, PSE, and UER variables,
we get the consistency indicators of the external model. All three consistency criteria after modifica-
tions meet the necessary conditions (ax > 0.7, ppc > 0.7, M1 > 1, A2 < 1) (Tables 1-2).

122



Kazlouski Vital, Ganski Uladzimir, Platonenka Alena, Sabalenka Ina
Sustainable Development Modeling of Agritourism Clusters

Table 1. Check the consistency of the model in the blocks

Block | Ok | poc | M | )

Load factor

Economic sustainability 0.88 0.91 341 0.72
Ecological sustainability 0.00 0.00 2.98 0.73
Social sustainability 0.00 0.58 2.37 0.38
Agritourism sustainability 0.85 0.90 2.84 0.70
Load factor after modification

Economic sustainability 0.88 0.91 341 0.72
Ecological sustainability 0.88 0.94 1.78 0.22
Social sustainability 0.85 0.93 1.74 0.26
Agritourism sustainability 0.85 0.90 2.84 0.70

Variables are considered significant if the load factor Aij exceeds 0.7. Based on the test results,
the UR, UE, EPD, and HV variables should be excluded from the model. After checking the load
factors Ajj, i.e. checking whether the explicit variables are connected to the latent variable of the
corresponding block, it is necessary to check the cross-loads, i.e. to determine the strength of the

connection between the explicit variables and the latent variables of other blocks.

This will avoid the presence of indicators-“traitors”, i.e. such indicators, the strength of which
is higher with the latent variable of another block than with the latent variable of the corresponding

block.
Table 2. Load factors of variables in the external model
Load factors Values of coefficients of external models
of variables
Blocks Variable Load Load External E’xternal Load after
factor factpr aft'er weight Load welght afjter modification
modification modification

Economic TWU 0.30 0.30 0.53 0.28 0.39 0.91
sustainability ASB 0.28 0.28 -0.34 0.84 0.67 0.97
ERT 0.45 0.45 -0.90 0.86 0.33 0.93
Ecological EPE 0.80 0.80 -0.45 0.45 0.30 0.81
sustainability -FP 0.86 0.86 0.36 0.31 0.29 0.90
-PSE -0.81 0.81 0.34 0.93 0.23 0.81
Social HSE -0.93 0.93 0.30 0.81 0.34 0.90
sustainability NSC 0.90 0.90 0.29 0.90 0.42 0.91
1-UER 0.81 0.81 0.23 0.81 0.36 0.86
Agritourism TIP -0.86 0.86 0.34 0.90 0.41 0.99
sustainability LTR 0.89 0.89 0.42 0.91 0.22 0.77
TIE 0.90 0.90 0.36 0.86 0.44 0.97

The binding strength of all explicit variables to the latent variables of their respective blocks

is higher than with the latent variables of other blocks, i.e. all variables are “loyal” to their blocks.

Checking the quality of the internal model: the t-statistics criterion is performed for the “Eco-
logical sustainability” and “Social sustainability” blocks (Pr(>|t]) < 0.05), but not executed for the

“Economic sustainability” block (Pr(>[t|) > 0.05) (Table 3).
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Table 3. The values of the coefficients of cross-loading

Variable Economic Ecological Social Agritourism

sustainability sustainability sustainability sustainability
Economic TWU 0.91 -0.50 -0.09 -0.13
sustainability ASB 0.97 -0.54 -0.09 -0.23
Ecological ERT -0.49 0.93 0.58 0.81
sustainability EPE -0.33 0.81 0.58 0.73
-FP -0.63 0.90 0.65 0.72
-PSE -0.48 0.81 0.64 0.56
Social HSE -0.04 0.58 0.90 0.69
sustainability NSC -0.11 0.75 0.91 0.84
1-UER -0.08 0.52 0.86 0.72
Agritourism TIP -0.24 0.84 0.80 0.99
sustainability LTR 0.09 0.43 0.68 0.77
TIE -0.29 0.89 0.85 0.97

At the optimization stage, this block can be excluded from the model. The R? indicator for the
“Agritourism sustainability” target block is more than 80%. The share of reproducible variability
characterizes the share of block variability that is reproduced by the latent variable of this block. For
all blocks, this figure is much higher than 50%, which positively characterizes the model under study.
The AVE index (the percentage of extracted variance) for all blocks exceeds 50%, so the internal
model is also considered satisfactory by this criterion.

Calculation of a single coefficient of quality of the model’s compliance with data — GoF
(Goodness-of-Fit). The coefficient characterizes the quality of the model, both internal and external,
and serves as an indicator of the reliability of the predictive model (Batista e Silva, 2018). The pre-
dictive reliability of the model is considered high if the GoF coefficient exceeds the value of 70%.
For the model studied in this paper, the GoF coefficient is 82%.

Model optimization: all criteria that characterize the quality of the model are met, except for
the t-statistics criterion for the “Economic sustainability” block in the internal model. Let’s exclude
the “Economic sustainability” block from the system and perform all the verification steps for the
updated model. The first step is to check internal consistency in blocks. The second stage is checking
the significance of variables in the external model. The third stage is to check cross-correlations of
block variables with latent variables of other blocks. The fourth stage is the validation of the internal
model. The fifth stage is to check the quality of the model based on the model’s data compliance
index (Tyrell, 2005). The GoF coefficient in the new model is 86%. In this case, the internal model
of the system will have the following form:

ImV, tour = 0.55 ImVs,cs + 0.43 IMmVi,o1s + €707 tour (1.5.)

Such characteristics as Environmental and Social sustainability with a power of influence of
0.43 and 0.55, respectively, have a very significant impact on the level of agritourism development.
During the study, it was found that the impact of economic sustainability on the development of
agritourism in Grodno region is very small. Most likely, this fact is explained by the specifics of a
particular research area. At the same time, the following equations were obtained for estimating im-
plicit variables:

ImVa.t—our - 0.4‘2 XTIE + 0.39 XTIP + 0.27 XLTR
ImVSOCS = 037 (1 _XUER) + 034‘ XHSE + 04‘2 XNSC (16)
ImVEwlS = 03 XEPE + 033 XERT - 029 XFP - 023 XPSE
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Two characteristics have a significant impact on the level of agritourism development in the
region: the level of social comfort and the level of readiness of society to engage in environmental
protection with a power of influence of 0.55 and 0.43, respectively. In addition, the study revealed a
rather weak influence of the level of economic development on the development of agritourism. Per-
haps this is due to the specifics of the analyzed territory. However, the lack of significant dependence
of agritourism on the economic factor gives some hope if you extrapolate the results of the simulation
to a specific region: sustainable agritourism development is possible in both an economically devel-
oped region and a developing one. The results can be shown graphically (Figure 2).

1-UER HSE NSC

ERT

0.42

Social TIE

sustainability
~—

EPE

Develop-
ment of
agritourism

TIP

—
Ecological 0.43

ety ) =

Figure 2. The final model of sustainable development of agritourism cluster

According to the results obtained, the level of social comfort can be estimated by three factors:
the level of employment (the share of people with permanent jobs in the total number of economically
active population); the amount of public spending on health care and other social services; the average
monthly number of children receiving subsidies for treatment. The level of readiness of society to
protect the environment can be estimated by four factors: the amount of public spending on environ-
mental protection; the share of jobs in the tourism industry in the total number of jobs; the number of
families with an income below the subsistence level (negative dependence); the amount of public
spending on public safety (negative dependence).

The state and problems of sustainable development of agritourism cluster in the Grodno region are
today quite complex and ambiguous. Some of them are systemic or even institutional in nature, which
cannot be solved without a large-scale reform of the entire country. Factors that hinder the sustainable
development of agritourism in the Grodno region include: lack of full-fledged private land ownership in
Belarus; the relative small number of farmers in the conditions of domination of inefficient large state
owned agricultural enterprises; people can freely use numerous forests, rivers and lakes for tourist and
recreational purposes (they are mostly not privately owned in Belarus); a large number of potential tourists
have family and friendly ties in rural areas, where they can get agritourism services for free; many citizens
have their own small country houses for recreation; as well as some socio-demographic factors. Here are
listed mainly those factors that distinguish the situation in the Grodno region, and which are unique.

More universal problems of sustainable development of agritourism clusters is: too weak promotion
of the region as a tourist attractive region for rural recreation (this situation can be changed by the relevant
advertising campaigns of local and regional authorities); lack of experience in the field of agritourism,
administrative and legal barriers (most of these problems can be solved by working with various organi-
zations that support rural development, such as rural tourism associations, local action groups, and others);
financial limits (in this case, it is possible to attract funding for the development of agritourism from
external sources, including funds from rural development programs, for example, within the framework
of EU assistance, national and foreign grants, assistance programs, etc.).
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In what direction will the changes in the development of agritourism go? It can be assumed that a
large share of the market will have specialized agritourism enterprises with a proposal intended for a
specific segment of tourists, and a smaller share will be typical agricultural farms. The quality of basic
services (accommodation, meals, etc.) will be constantly improved while maintaining their originality and
authenticity. The fashion for a “return to nature” already leads to the fact that a great advantage of farms
are dishes prepared based on their own organic products. We can assume that interest in such offers will
continue to grow in the future.

3. Conclusions

A significant component of economic growth for rural areas and regions with significant tour-
ist and recreational potential is the development of agritourism cluster. In such a situation, the appli-
cation of economic and mathematical models of sustainable development is the development of well-
thought-out, justified and balanced decisions in the field of economic, regional and tourism policies.

The tool proposed in the article will allow you to determine the characteristics that have the
greatest impact on the level of agritourism development. The described PLSPM analysis can be used
to successfully solve the problems of sustainable development of the tourism cluster both at the level
of regional government structures and at the level of agritourism business entities. At the same time,
it is necessary to understand that strategic planning and monitoring of results are impossible without
truthful comprehensive statistical data and their scientific analysis, which is still so lacking.

Based on the final model, you can calculate latent indexes for each year and create a simulator
for predicting future values. When making decisions that affect the level of social comfort and the
level of ecology in the region, they have a direct impact on the development of agritourism. Used
methodology can be used for any region of the national economy measurement, considering universal
approach.

The presented results can be useful in university teaching process of disciplines related to eco-
nomic and mathematical methods and models, regional planning and development, sustainable tourism
for bachelors and master’s programs in the field of economics, management and territorial development.
The results may also be useful to different studies: they can be useful in conducting research on mod-
eling of sustainable development, modeling the development of tourism in general and agritourism,
sustainable development of rural areas, etc. The presented methodology can be applied not only to
agritourism studies, but also to most other types of tourism and recreation. It is also possible to use
the results obtained in practice of public policy and administration: the results can be applied in prac-
tice in tourism management and marketing, in territorial planning to justify complex management
decisions and local investment projects.
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