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Abstract

This article offers recommendations for companies’ managers connected to the application
of unmanned aerial vehicles (UAV) in tourism. This is based on the analysis of data and the
utilization of predictive modelling techniques (including exponential smoothing, machine
learning). The set of scientific methods applied included a structured literature review for
three areas studied (a) description of managerial decision-making, (b) econometric models
created to predict future course of variables, (c) application of UAV technology in tourism.
Literature review was accompanied by a comparison, synthesis and procedures of
deduction and induction, which were needed for the conclusions to be drawn and the
practical steps to be defined. Using time series data in a particular ski resort, the attendance
and occupancy of the chairlifts were researched. The analyses led to the option of achieving
higher customer satisfaction with the service via swifter processing of their requests. This is
dependent on the ability to ensure the optimal number of employees serving customers at
individual facilities. Following this point, drones find their application in tourism,
generating the real-time data. When such data points are analysed and correctly
interpreted, it is possible to set the processes in a more efficient way and achieve a higher
level of the customers’ satisfaction. The results presented in this article are followed by
concrete recommendations connected to the assessment of the application of drones in the
operations performed by economic entities providing touristic services.
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Introduction

UAVs - unmanned aerial vehicles - are
finding more and more possibilities for
application in various areas of social life.
The applicability of this technology is
expanding rapidly. Initial analysis of
research projects from around the world
identified the use of UAVs in several
diverse sectors of the economy. An
example is research from Korea, where the
authors examined the approach of
potential customers to the application of
the technology in the food delivery
process (Hwang et al, 2021). In this
research, specific traits of behaviour and
attitudes influencing customers’ readiness
to consider such uses of drones have been
identified.

Another example is the use of drones in
agriculture and forestry, which are
described by Liang and Delahaye (2019).
Drones provide advantages in comparison
with other monitoring methods used so far.
The authors point out the need for
managerial decision-making to find a
global optimal solution. It is therefore a
matter of deciding between one drone and
the creation of a fleet of several drones. In
the case of creating a fleet, it is important
to deal with the cooperation of individual
drones, their mutual communication, and
the procedure of processing the data
generated by their application. Further
uses of drones in agriculture, in the rice
sowing process, are described by
Worakuldumrongdej et al. (2019).
Fanigliulo et al. investigated the application

of UAVs in the analysis of tillage quality
(2020). Even in this specific application,
drones can offer various advantages over
conventional methods. However, from the
perspective of managerial decision-making,
it is necessary to evaluate the effectiveness
of this method’s deployment, based on the
collection and evaluation of relevant data
(Koman et al., 2018).

The use of drones can also be observed in
the field of structural health monitoring. In
a specific example, described by Sony et al.,
drones are used in combination with
noncontact sensors to complement
vibration data obtained from contact
sensors (2019). In this way, the UAV
contributes to the continuous analysis of
the condition of buildings, which helps
predict failures or major changes that can
threaten the occupants or visitors of the
building, and thus prevent incidents.

Finally, drones could also be applied in the
field of urban vegetation mapping. In this
case, it is the mapping of vegetation in a
complex urban landscape. They are used to
obtain ultra-high-resolution images
captured at low altitudes (Feng et al,
2015). Again, it is an opportunity to obtain
new data sources that can be used in the
subsequent  process of managerial
decision-making targeted at a specific
case/situation. Proper use of the data
collected this way, for example in making
predictions, can bring numerous benefits
for the stakeholders.
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Fig 1. Decision-making of managers on the application of drones
supported by data and predictions (Authors’ own elaboration)

Based on the analysis of other authors’
opinions, it can be stated that the issue of
drones’ application in tourism is a
currently developing, and so far, little
explored area.

Theoretical background

The analysis of the theoretical basis, in
connection with the research goal, included
an overview of current knowledge in the
areas of managerial decision-making
necessary for the optimal setting of
individual business processes, predictive
econometric models, and the use of the
UAV technology in tourism.

Description of managerial decision-
making

In any sector, the main part of the
managers’ work is decision-making. This
process plays a key role in the operation of
a company. Managerial experts ask
themselves many questions with various
levels of complexity every day. For
example, Barlett focuses on: “How do the

decisions of specific individuals and groups
affect the decision-making environment, or
What variables influence a given choice, and
how many stimuli influencing decisions need
to be understood?” (2016, p. 3). He also
gives a specific example from the field of
agriculture in his work, based on which it
can be stated that decision-making is a
complex process. It is influenced by several
factors and depends on the perceived
needs and defined goals. Saafy states that
decision-making can also be characterized
as an analytical and hierarchical process
consisting of several steps: defining the
problem, determining the type of
knowledge required; structuring specific
goals; defining criteria and variants;
creating a set of comparison matrices
(2008, p. 85).

Decision-making is one of the criteria of
professional competence in the field of
management. When performing work
tasks, the manager often engages in critical
examination of problems, their solution,
and final decision-making. The quality of
top managers’ decisions is the factor that
has the greatest impact on their success or
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failure. Based on the statements above,
decision-making can be defined not only as
the most key internal activity of a leader,
but also as the core of management
(Marquis, Huston, 2009, p. 1). Managerial
decision-making is a complex of multilevel
processes that are influenced by a plethora
of factors (Hodgkinson, Sadler-Smith, 2018,
p. 4). The strategic decisions of top
management teams affect the performance
of the entire company. Consensus among
team members facilitates the
implementation of these decisions and thus
also affects the performance of the whole
company. Therefore, the quality of
decision-making, consensus, and affective
acceptance are necessary for the
sustainable performance (Amason, 1996, p.
123). The adoption of a decision without its
actual implementation has no effect on the
environment in which it was taken. Once a
decision has been taken, responsibilities
for carrying out specific activities must be
assigned and exercised (Verma, 2009, p.
268).

Large-Scale Group Decision Making is often
used to solve common decision-making
problems in companies. It concerns the
selection of the best option from a set of
feasible variants, based on the preferences
of many decision makers (Liu, Fan, Zhang,
2016, p. 2). However, different opinions
among decision-makers can cause conflicts
within the group (Giordano et al., 2007, p.
3). Some authors think that conflict within
a group does not lead to an overall
decision-making process but can lead to
some inconsistency. However, negative
consequences can be huge (Zhu, Chen,
Zhao, 2014, p. 3). The method of Consensus
Reaching Processes (Liu et al., 2018, p. 3) is
used to mitigate or eliminate the conflict
for a smoother implementation of the
decision.

Econometric models created to predict
future course of variables

The use of predictive modelling is currently
very wide, not excluding the field of
tourism. The authors Hopken et al. (2017)
applied the statistical approach of linear
regression to the predictions of tourism
demand and the data mining technique of

k-nearest neighbour. Hopken et al.
compare two approaches, namely ARIMA
(autoregressive integrated moving
average) models, from the group of
statistical prediction methods, and ANNs
(artificial neural networks), based on
machine learning (2020). Supriatna et al.
compare the accuracy of Holt Winter’s
approach to statistical modelling applied to
tourism (2019).

The choice of the prediction method
depends on the data sources, the length of
the time series, and the frequency of
monitoring these data. The choice of
method is preceded by the analysis of
properties, including the internal structure
of a given time series and the examination
of factors and their interrelationships. For
short-term and long-term time series,
distinguishing them according to the
assumed seasonal component, approaches
of regression models as well as exponential
smoothing can be applied. Exponential
smoothing methods, due to the principle of
decreasing weights for older observations,
allow a quick response to changes in data
fluctuations. Additionally, their application
does not require restrictions regarding the
amount of data. According to Holt and
Winter, the group of models enables work
with seasonal and non-seasonal data
(Chatfield, 1978).

The method of supporting vectors in the
field of machine learning methods,
originally developed for classification
tasks, is now widely represented in
prediction tasks in its regression form. The
use of this approach, either alone or in
combination with other approaches, such
as genetic algorithms (Pai et al, 2006),
opens new possibilities for predictive
modelling not only in tourism decision-
making problems.

Application of UAV technology in tourism

For the purposes of this article, the authors
focused on the use of UAVs in the field of
tourism. Therefore, an analysis of the
research presented so far focused on the
use of drones in this area was carried out.
The result of the analysis is a comparison
of opinions and their structuring into three
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separate, more narrowly focused areas.
The first of such areas is the destination
marketing and online content.

Marketing of tourist destinations
creation of content, and online tourism

A specific opportunity of the UAV
application in tourism is also the use of
drones for organizing virtual online tours
of outdoor tourist attractions (Ilkhanizadeh
et al,, 2020). Mathematical-statistical and
predictive modelling techniques were used
to determine the optimal number of drones
to cover a given attraction. These must be
applied in relation to the demand for such
tours.

Mirk and Hlavacs also studied this type of
UAV application in tourism. They state that
drones find their use in shooting live
videos from tourist attractions, which they
send in real time to their customers -
consumers (2014). In addition, video
content generated by cameras attached to
drones can then be used to further
promote the tourist destination in
combination with social networks. For
example, if the videos are made available to
the public on the YouTube network, it is
possible to set up the collection of
metadata in such a way that they can be
subsequently analysed and wused for
making predictions (Stankov et al,, 2019).
Predictions are one of the functional tools
for decision-making being performed by
managers of tourist destinations.

It is now common practice to use data from
the online environment to specify and
adapt advertisements to the users -
potential customers. The application of
drones can also bring a new dimension to
such a sphere by tracking visitors at
crowded tourist places. Donaire et al.
focused on this aspect in their research
(2020). Drones were used to monitor the
behaviour of visitors to archaeological sites
and  significant  buildings  (temples,
churches). The UAV technology can thus be
helpful in setting the capacity of visitors to
individual monuments flexibly during the
day. Online portals and travel agency sites
can use the data in real time to help
customers choose a suitable (non-

crowded) attraction/landmark. The
capacities of monuments can thus be used
more optimally, and the customers’
satisfaction as well as the demand for these
services will increase

Issues of security and protection

The second important area where the UAV
finds its application in connection with
tourism is the protection of nature and
people. Drones can be used to monitor
visitors in protected areas, as described by
Ancin-Murguzur et al. (2020). The work of
this team presents the study of visitors’
behaviour patterns, the effects of visitors
on the vegetation or on the condition of
sidewalks, and the garbage left in the
protected natural areas. The benefit of such
a solution is the rapid detection of a
problem, in this case, the nature pollution.
Subsequently, using drones, it is possible to
determine the exact location, thus the
elimination of the problem is more efficient
and faster.

Other current research focused on the use
of UAVs in nature protection includes the
project conducted by Castro-Barrantes
(2020). Data were collected in the Costa
Rica as a part of a water conservation
education project. This focused on finding
new sustainable practices. Its specific goal
was to define environmental zones and the
maximum daily capacity of tourists in the
given zones to ensure the long-term
protection of a valuable water resource,
creating a sustainable tourist model in a
specific locality.

The aspect of people’s protection was
addressed by Stokes et al, who describe
the use of drones in coastal monitoring to
increase shark bite prevention in Australia
(2020). Data from the partial survey
suggest that most respondents had no
objections to such use of drones. In terms
of importance, they prefer to protect their
health over any invasion of their privacy.
Human safety, which can be enhanced via
the technology presented in tourism
activities, has also been investigated by Lee
et al. (2020). The authors describe the use
of drones in examining the safety of hiking
trails. In addition to safety and assessment
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of the suitability of the route for hiking,
drones allow people to focus on the
aesthetic qualities of the examined places.
Thus, UAVs obtain data not only for safety
analysis, but also for the aesthetic
properties of the route. Potential tourists
will not come across problematic places,
their tours will be visually attractive, which
will ensure their high satisfaction. Such an
application of drones emphasises the
generation of new data, which must be
evaluated and based on which it is
necessary to  predict the future
development of the relevant
characteristics.

The last aspect, which was mentioned in
the sub-area “security and safety”, can be
logically linked to the first sub-area
presented - “destination marketing,
content creation and online tourism” and
its positive impacts.

Application of new technologies

The last selected area, which falls under the
use of drones in tourism with the potential
for its further development, is the
combination of this technology with
various other results of scientific and
technological advancement. A specific
example of promoting tourism and making
a tourist destination more attractive in
Southern Ireland is the analysis of the
possibilities of using drones in combination
with 3D printing (Keogh et al, 2017).
Another example of the combined power of
drones and other new technologies is the

creation of new, more efficient algorithms
for processing video recordings generated
by drones (Lu, Shahabi, 2017).

The presented sub-area has great potential
for further development. Nowadays,
technological progress is an indispensable
part of any area of life, not excluding
tourism and travel. Therefore, it is
necessary to focus on the options of finding
new ways to connect UAVs with new
technologies that will gradually come to
the mass market.

The  presented findings can  be
supplemented by specific statistics.
Looking at the future, various estimates of
the development of the commercial drone
segment were made, which are addressed
in this article. The Statista portal also
reports the expected development of
commercial drone revenue in Europe
between 2016 and 2025. For example, by
2022, the European commercial drone
market is expected to generate revenues of
more than US $1,248.32 million (Statista,
2021a). However, this projected
development may be influenced by the
current situation associated with the
COVID-19 pandemic. Overall, the
significant increase in sales in this segment
can be expected.

Regarding the current situation in
connection with the application of
commercial drones, another statistical
evaluation can be added (Table 1).

Table 1: Drone-based services by activity in 2020, (Statista, 2021b)

Distribution of drone-based services Drone service Business internal
worldwide in 2020, by activity provider [%] services [%]
Inspection/maintenance 35 18
Mapping 25 16
Photography/filming 16 19
Surveying 15 33
Spraying/seeding 4 7

Others 3 4
Monitoring 1 5
Localization/detection 1 2
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Currently, commercial drones are mostly
used in two areas: “surveying” and
“inspection/ maintenance”. In “surveying”,
companies provide these services (use of
UAVs) mainly themselves, in contrast to the
second area of “inspection/maintenance”,
where they rely mainly on external drone
service providers (Statista, 2021b). Based
on these statistics, it can be stated that the
use of drones is becoming more and more
widespread across different areas. From
the perspective of the research presented
in this article, this is one of the important
managerial decisions associated with the
introduction of the UAV technology within
the conditions of a particular entity
operating in tourism.

Methodology

The aim of the article was to make
recommendations for companies regarding
the introduction of UAVs in tourism. By
applying the specific points presented in
the conclusion, managerial decision-
making in a company will be streamlined
via predictive models. To achieve this goal,
the authors identified specific research
questions at the beginning of the research:
Does the UAV technology find application in
the field of tourism? What is the role of
predictive modelling using available data to
increase customer satisfaction? What
factors are important in the decision-
making of tourism entities on the
application of the UAV technology?

Description of data obtained

This article also focused on predictive
modelling of short-term time series. The
selected data describe the occupancy of
chairlifts in selected mountain resorts.
They can be divided into two groups,
chairlifts in year-round operation and
those in seasonal mode. The company
providing the data is the operator of
mountain resorts and tourist services. It
focuses on Central and Eastern Europe. A
specific indicator - the number of crossings
is obtained from the turnstiles of individual
cableways. The observed period is five
years, and the studied variable represents
the number of persons per week.

Methods Applied

Supporting methods and techniques were
represented by the analysis of available
relevant secondary sources, synthesis of
partial  findings, deduction allowing
generalization of  conclusions, and
induction leading to the formulation of
specific points of the procedure applicable
to various tourism entities.

The aim of the experiments presented was
to make predictions of the selected
indicator wusing alternative approaches.
Both approaches consider the length of
individual time series and the internal
structure of a given time series. For the
final solution, the method of exponential
smoothing from statistical methods and the
method of supporting vectors (SVM) from
the methods of machine learning were
selected. The RStudio software working
with the R programming language was
used to perform mathematical calculations
and make predictions.

The predictive modelling of selected time
series was performed in several steps. The
prediction itself was preceded by the
appropriate preparation of the data set and
the analysis of individual time series. The
choice of statistical prediction method
considers the assessment of data
seasonality as well as stationarity.
Stationarity was tested via KPSS
(Kwiatkowski - Phillips - Schmidt - Shin
test for stationarity) tests offered in
RStudio functions. Due to the frequency of
selected data, the presence of seasonality
can be assumed. Graphical data analysis
was included in the procedure. Based on
the conclusions reached, the Holt and
Winter approach was selected from the
means of exponential smoothing, which
enables the modelling of seasonal data. The
software environment offers the
HoltWinters()  function  with  three
balancing constants to include three
components: level, trend, and season. The
statistical modelling was compared with
the machine learning approach. From
several methods, the method of support
vectors (support vector machines) was
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applied in the solution. The software
environment offers the svm() function in
the e1071 library for this access. Parameter
optimization was performed via the tune()
function, also offered by the open source
product. Both in the exponential smoothing
and in the machine learning method, the
requirements of the methods were
respected. The data set was divided into a
training set and a test set. A 75:25 ratio
was selected for the split.

The result of both approaches was the
prediction of selected data. The quality of
these predictions was assessed by the
mean square error, or its square root
(RMSE), as one of the criteria for evaluating
the accuracy of prognostic models.

Results

As already mentioned earlier, experiments
for time series obtained from the records of
turnstiles of individual cableways were
performed, both in year-round operation
and in operation exclusively during the
winter season. In this article, attention
focused on Chairlift A, where the data and
the results of predictive modelling were
thoroughly described. Following the
procedure described, the first step was a
graphical data analysis showing weekly
data over five years. It is a year-round
operation, while the missing data represent
the period when the chairlift did not run
due to bad weather, maintenance, or
reconstruction. The presence of the
seasonal component results from the
logical assumption of the tourist resort’s
nature. In this case, it is a ski resort.

The expected increase in the occupancy of
the chairlift in the winter in the following
years compared to 2013 and 2014 was
probably influenced, among other factors,
using a loyalty card. In 2015, this increase
was 56% compared to the previous period.

In the next modelling step, a KPSS was
performed. Based on the value of the test
statistics, the null hypothesis of process
stationarity was rejected. According to the
procedure described above, predictions of
the data of this chairlift were created based

on Holt Winter exponential smoothing and
the method of supporting vectors.

Using the Holt and Winter method with the
basic parameter settings, problems arose
with negative values in the selected
prediction horizon. Therefore, the
attention was paid to this centre with year-
round operation, specifically during the
next quarter.

Using the method of support vectors, the
basic parameters of the function were
optimized via the tune() function. The
modelling results were verified on the test
data set. The predictions were obtained
after the optimization of the parameters of
the corresponding svm() function.

For the forecasting of the Chairlift A,
weekly data were obtained from the
turnstiles during the year-round operation.
The indicated modelling procedure was
applied at other centres, too.

The suitability of the procedures and the
accuracy of the predictions were
determined in all experiments based on the
size of the RMSE criterion at two-time
levels. One was a calculation on real data,
which formed the basis for quantification.
The second level was the forecast period.
The support vector method was applied on
the test set. During exponential smoothing,
the real data of individual time series were
divided into the period of quantification
and verification to compare the chosen
approaches. Based on the achieved results,
it can be stated that despite the relatively
high error rate, the SVM method is a better
choice. In 86% of the experiments, the
RMSE was lower with this method.

At the end of the modelling, it should be
emphasized that the accuracy of the
models as well as the following predictions
is influenced by the choice of prediction
method, as well as by factors that can be
included in the models. The accuracy can
also be affected by evaluation criteria, such
as MAPE (mean absolute percent error).
Despite the possibility of achieving higher
accuracy when changing the input
conditions of individual settings, two
alternative approaches were successfully
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implemented, thus relevant predictions for
selected resorts were created.

Conclusions and Discussion

This section describes recommendations
for companies regarding the introduction
of UAVs in tourism. The basic premise of
the presented research was the possibility
to achieve higher customer satisfaction of
individual tourism services in the case of
effective  managerial  decision-making.
However, for such decision-making, it is
essential that the entity has the relevant
data available and that it can handle them
appropriately. Working with the data
obtained represents their analysis in the
time and scope needed as well as the
subsequent interpretation so that it is
possible to prepare effective managerial
decisions.

The UAV technology in connection with the
researched industry represents new
possibilities for collecting the data in real
time. Specifically, it is a possibility to obtain
new data on the utilization of the services
provided and on the currently available
staff, including their spatial distribution
throughout the day. Consequently,
econometric modelling and forecasting
techniques represent a level of data
analysis leading  to interpretable
information that can be used in the
managerial decision-making process.

With the help of specific points presented
below, managerial decision-making in
companies will be streamlined via the
application of predictive models:

- focusing on assessing the
suitability of the use of UAV
technology for a specific entity in
the field of tourism;

- identification of use cases for
drones in any of the processes
being performed (data collection,
provision of a new form of service,
monitoring of customer safety,
video recording);

- assessment of the costs of the
envisaged solution related to the
UAV technology;

- identification of other
requirements related to the
considered  solution (human
resources, existing technological
infrastructure, and possibility of
the UAV integration);

- assessment of the expected
benefits  arising from  the
implementation of the solution
under consideration for the
company and its various
stakeholders;

- identification of risks associated
with the solution and assessment
of their probability and impact
(legislative restrictions, negative
attitude of stakeholders towards
the given technology, non-
acceptance of a new solution by
current employees, etc.);

- proposal of corrective and
preventive measures in connection
with the identified risks and other
activities needed to be performed
before the implementation of the
solution.

The companies in the tourism do not have
to implement the UAV technology
themselves. They can cooperate with other
entities (Soviar et al., 2018). The utilization
of drones and the growing interest in this
technology is confirmed by the Statista
portal (2021b). Organizations provide
UAVs on their own or indirectly, and the
possibilities for their use are constantly
expanding across different areas. This
justifies the topic of this article. One of the
partial goals of the research was to identify
the possibilities of applying UAVs in the
field of tourism, as well as to identify the
role of predictive modelling using available
data in this area. Stankov et al. argue that
predictions are one of the tools that should
be used by destination managers in their
decision-making (2019). The focus on
customers when deciding on the
implementation of UAVs is highlighted by
many authors (Mirk, Hlavacs, 2014; Ancin-
Murguzur et al,, 2020; Donaire et al., 2020).
They examine patterns of visitor behaviour
or the tracking of visitors at crowded
tourist sites.
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An Australian research project by Stokes et
al. also focused on the aspect of monitoring
and analysing the views of stakeholders
who can be exposed to drones. They
remind the importance of respect towards
attitudes of these people and demonstrate
their findings on examples such as coastal
monitoring for shark bite prevention
(2020). Using prediction of behaviour
based on data obtained via drones, the
communication with stakeholders can be
set in a way leading to the promotion of
tourism.

Looking to the future of tourism, open
thinking is important, leading to the
connection of drones with evolving
technologies. Examples where tourism was
promoted this way include the increase in
attractiveness of a tourist destination in
Southern Ireland (Keogh et al,, 2017) or the
use of more efficient algorithms for
processing drone-generated videos (Lu,
Shahabi, 2017).
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