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FOREWORD

March 2020, when the COVID-19 pandemic was officially declared, will be remembered
as a turning point in the history of modern humanity. While the world was facing this health
crisis, with far-reaching consequences to our lives and work, global uncertainty and
challenges unprecedented in any of the crises before emerged.

History teaches us that the crisis brings the possibility of change for the better. It is an
opportunity, not only for recovery but also for further progress. In this situation, while the
whole country is working to strengthen its health system and health capacities, it is necessary
to progress towards economic and sustainable development. In addition to the numerous
misfortunes in various areas, brought to us by the pandemic, there are some fine examples
from a socio-economic point of view. Solutions of social distance and lockdown have led to
an enormous increase in the use of all e-commerce services and new digital products and
services (e.g. in finance and banking). Work from home and the organization of telework have
contributed to introducing new standards in the organization of work in all sectors, with the
assistance of the latest Internet technologies and software applications. These solutions
existed even before the outbreak of the COVID-19 crisis but were moderately used. Today,
they are the standard, and some new ones appear every day. Thus, the pandemic has
contributed to unmatched growth and acceptance of digital innovations.

To provide the correct answer and identify the need for new solutions, we need to
understand the impact of this pandemic on people’s lives, the work of institutions, businesses,
and the environment. Of course, the effect of the pandemic on the economy and resources is
immense. An analysis is needed on all new ones - globally, regionally, and locally. In addition
to the macroeconomic point of view, it is necessary to analyze the effects of the crisis on the
microeconomic level, i.e., at the company level. Also, reconciling the impact of the pandemic
on some sectors and industries that have been most affected (for example, tourism, auto-
industry) is indispensable.

In front of you is a thematic proceeding of scientific papers entitled "The Impact of the
COVID-19 Pandemic on Economy, Resources and Sustainable Development”. Some works
published in this collection were presented at the 11" International Symposium on Natural
Resources Management, held on October 23, 2021, at the Faculty of Management in Zajecar.
This content represents our attempt to partially present the impact of COVID-19 on global,
regional, and local economic and sustainable development. The authors of papers, each in
their own domain and field, analyzed various problems in a comprehensive and scientifically-
based manner and presented the results of their research along with short-term and long-term
solutions for recovery. The authors emphasize the need to accelerate the achievements of
sustainable development goals, which are now relevant more than ever: health security,
equality and prosperity for all, green recovery, and strengthening the resilience of society and
economy to potential risks and shocks.

In this way, the authors have provided valuable information that we all have to fully
comprehend and act accordingly. Perhaps the decisions that will be made and the steps that
will be taken will determine the course of this pandemic that is still ongoing without losing its
intensity.

Zajecar, January 2022 Editor
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ABSTRACT

Leadership continuously occupies the attention both of researchers and practitioners. At the same
time, when global challenges occur, such as the COVID-19 pandemic, the interest in leadership is
intensified as one of the modalities for overcoming complex and demanding business conditions. The
paper analysed two leadership approaches: task-oriented behaviour and follower-oriented behaviour.
The research findings for both parameters are high, which may imply that the sample of 239
respondents consisted of leaders of effective and efficient organisations, but further findings indicate
the predominance of relationships with followers. Additionally, the research results are presented on
an adapted leadership grid, which is one of the contributions of this study and can be valuable to top
management to have more precise insight into leaders' capabilities and commitment to followers and
tasks. Research results open up further possibilities for developing the leadership style in the current
changed circumstances.

KEYWORDS
Leadership style, task-oriented behaviour, follower-oriented behaviour, COVID-19, uncertainty.

JEL: M12

1. INTRODUCTION

Different theories and approaches to leadership can be found in the literature, which the
authors define differently. Sometimes leadership is seen as the core of group processes where
the leader is placed at the centre. A different group of authors observes leadership from the
aspect of personality and diverse personality traits and characteristics. Some authors define
leadership as something innate, and others see the leader as the initiator and implementer of
change or the leading performer at the core of the change process.
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Changes are inevitable, and consequently, in crisis such as COVID-19 pandemic,
knowledge of different theoretical approaches to leadership is needed, which enables the
leader to recognise a particular situation, anticipate potential dangers, be prepared for
challenges, prevent events that are harmful or damaging to the organisation and apply the
appropriate leadership approach in achieving a given goal. In addition, the leader has to resist
the changes that are happening or may occur and enable the organisation to move successfully
towards its goal through the leadership process.

According to Bass and Stogdill (1990), one of the first leadership studies observed
leadership as a set of characteristics. In the years of research that followed, researchers looked
at other approaches to leadership, and Bryman (1992) should be mentioned as one of the
authors credited with restoring access to leadership as a set of traits in the focus of interest.

Northouse (2008) compares two different leadership approaches: a set of skills with the
approach as a set of traits, and concludes that both approaches put the leader in the central
role. The focus shifts from the personality traits that are considered innate, to the skills and
abilities, as something that can be acquired or learned over time.

The approach to leadership as a set of skills is quite descriptive and provides more basis for
understanding the nature of effective leadership than it provides guidance that would help the
leader reach a higher level of leadership and be more effective and efficient.

For this paper, it is essential to analyse the approach to leadership style in more detail and
elaborate its impact on the performance of organisations in the COVID-19 pandemic and
similar circumstances. Proponents of this approach put leader and leader behaviour in the
focus of research.

The paper is composed so that the introduction, which provides a brief retrospective
overview of the approach to leadership, is followed by the next segment of the paper that
focuses on the impact of leadership style on the performance of organisations. Within this
part, the so-called managerial grid model includes two factors: care for production/results and
care for people. The following segment of the article is related to leadership style and
performance in crisis conditions. In the next segment, the research is presented. For this
paper, research on leadership behaviour was conducted. The questionnaire used for this
research and the interpretation of the obtained results is according to Northouse (2018, p.
158), and it is called Leadership Behaviour Questionnaire. Finally, the sublimation of both
theoretical work and the work representing the research is given to the conclusion.

The paper is intended for the interested professional and scientific public whose subject of
interest is leadership, especially the influence of leadership style on the performance of
organisations and its application in practice.

2. THE IMPACT OF LEADERSHIP STYLE ON THE ORGANISATIONAL
PERFORMANCE

Researchers who have studied the behavioural approach to leadership style have found that
leadership consists of two basic types of behaviour:

1. Task-oriented behaviour;

2. Relationship-oriented behaviour.

Northouse (2019) pointed out that researchers studying the behavioural approach
determined that this approach to leadership is composed of task-oriented or result-oriented
behaviours and relationship-oriented behaviours. The essence is whether the leaders in their

12
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actions are predominantly focused on the execution of tasks or are primarily guided by the
care of employees (Simovic¢ et al., 2018, 14).

Hersey et al. (1979) explain behaviour focused on tasks as guidelines for telling
subordinated what, when, where, and how to achieve a particular goal. The leader sets tasks
and defines roles. The same authors consider behaviour oriented to relationships as two-way
communication and includes listening to and supporting.

Task-oriented behaviour focuses on goal realisation and helps followers achieve goals,
while relationship-oriented behaviour concentrates on relationships with followers to make
them feel more comfortable with other group members and in various situations. The purpose
of this approach to leadership is to combine two basic types of behaviour in order for the
leader to guide the followers to accomplish the tasks and accomplish the desired goal. To
completely understand the approach to leadership style, three different studies that have
contributed to the development and popularisation of this approach should be mentioned. The
first one is leadership research at Ohio State University in the late 1940s, and it is based on
the results of a study that stated how many times leaders showed a particular type of
behaviour. Another study relevant to leadership style is conducted by a group of researchers at
the University of Michigan and analysed leadership functioning in small groups. The third
analysis that is relevant to this approach to leadership is related to the managerial grid.

A model that joins concern for results and concern for people with two intersecting axes in
a quadrate shape is called the managerial grid.

Concern for results relates to how a leader is concerned with accomplishing organisational
tasks. Blake & Mouton (1964) point out that concern for results can include whatever the
organisation seeks to achieve. Thus, a leader can conduct various activities to achieve
organisational goals, including attention to policy decisions, new product improvement,
process concerns, workload, and sales capacity (Northouse, 2019, p. 140).

Concern for people relates to a leader's behaviour and attitude towards followers. This
concern involves making organisational dedication and trust, promoting the individual value
of every follower, providing good working conditions, maintaining a proper salary structure,
and promoting good social relations (Blake & Mouton, 1964).

Figure 1 shows the mentioned managerial grid, which appeared for the first time in the
1960s and has been refined and revised several times since then (Blake, Mouton & Bidwell,
1962; Blake & Mouton, 1964, 1978, 1980, 1985; Blake & McCanse, 1991; Mirceti¢, 2019).

The managerial grid was created to illustrate leadership style through two factors: concern
for results and concern for people.

The horizontal axis symbolises the leader's concern for results, while the vertical axis
represents the leader's concern for the people. Each ax is expressed through a 9-point scale.
On this scale, 1 represents a minimum concern for people or results, and 9 represents the
foremost concern. Several leadership styles can be shown by scheming scores in the grid. The
managerial grid portrays five major leadership styles: authority—compliance (9,1), country-
club management (1,9), impoverished management (1,1), middle-of-the-road management
(5,5), and team management (9,9). Each of the five major leadership styles is described in the
Figure above.

For this paper, The Adapted Leadership Grid (Mirceti¢, 2019) is used instead of the
managerial grid because it is more detailed and is suitable for more specific analysis.
Furthermore, the Grid (Figure 2) is subdivided into 16 quadrants that facilitate simplification
of comprehensive behavioural examination.
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Figure 1. The Managerial Grid
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Figure 2. The Adapted Leadership Grid
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The Adapted Leadership Grid consists of two intersecting axes. The horizontal axis
signifies behaviour oriented to tasks, and the vertical axis symbolises behaviour oriented to
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relationships with followers. The minimum on both axes on the scale is 10 points, and the
maximum score is 50 points because respondents can score between 10 and 50 in the
Leadership Behaviour Questionnaire, which is used for obtaining leadership behaviour
results.

3. LEADERSHIP STYLE AND ORGANISATIONAL PERFORMANCE IN
THE CRISIS

The contemporary business environment is rapidly changing. The complexity and
unpredictability of the past decades, along with innovations, developments and crises, have
affected organisations' business paradigms. Leadership is an essential factor for every
organisation that wants to be successful (Vuji¢ et al., 2018). Vukoti¢ and Mirceti¢ (2020, p.
481) emphasise that "effective leadership is one of the preconditions to effective
organisations". Jasko et al. (2013) consider leadership's nature to encourage, guide and
motivate followers to accomplish goals and tasks. Mirceti¢ & Vukoti¢ (2020, p. 94) highlight
that "business organisations strive for the most efficient and effective accomplishment of
goals, which causes the need for successful leaders".

Hurn (2012) emphasises that the contemporary business environment causes various
changes in organisations in all industries. Cvijanovi¢ and Stefanovi¢ (2018, p. 65) consider
that “economic development, being regular progress and increasing prosperity, became the
preoccupation of already classic economists”. Every organisation faces different challenges in
their business. Scholars find interdependency between changes and an organisation's
effectiveness very interesting. Cvijanovié, et al. (2018) underline the significance of the risk
management process in particular branches. Gaji¢ & Cvijanovi¢ (2021) emphasise the
negative impacts of COVID-19 on tourism. Changes occur in diverse shapes, forms and
intensities (Jarrett, 2008). Change dynamics are usually produced due to digital and
innovation disruption (Cudanov et al., 2019).

Some scholars (By, 2005; Cudanov et al., 2012; Al-Haddad & Kotnour, 2015; Jeraj et al.,
2015; Cameron & Green, 2015) emphasise that successful change management is a pattern for
organisational durability and long-term sustainability. Adjusting to changes is recognised as a
crucial determinant of an organisation's effectiveness (Brisson-Banks, 2010). Cudanov et al.
(2019) conclude that managing complexities and uncertainties of the change process require a
growing demand for improvement and selection of suitable quantitative approaches and tools
in change management procedures to produce successful change outcome. Tornjanski et al.
(2020) consider uncertainty and complexity as causes for constant improvement of
organisations, additionally developed by disruptive innovations, the need to accelerate
different types of projects and changes. Additional and higher requirement for leaders and top
management is managing global organisations (Cvijanovi¢ et al., 2016).

Concurrent conditions have imposed new trends of observing leadership in business
organisations. For example, within one organisation, the leader can not treat all followers and
communicate equally. Instead, the leader can diagnose follower's development level and
adjust his leadership style. In that way, the followers will be motivated and efficient, and they
will develop over time by performing the tasks entrusted to them by the leader, which will
enable better business results for the organisation itself. (Cvijanovi¢ et al., 2018).

In crises, for example, transparency about the current situation and achieving participation
are essential. Employees need to know the situation about the current situation the
organisation is facing and the potential impact on them. By participating in change planning,
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they will better understand the need to introduce change, less resist and become part of the
solution (Daft, 1998; Cascio, 2009). The success of a leader depends on the ability to
understand and adapt to changes in the work setting and the environment. Good leaders can
see trends of change and use the opportunity that occurs at a specific time (Loji¢ et al., 2015,
332). Cvijanovi¢, Sekuli¢ & Mandari¢ (2021) investigated the changes that have occured in
tourism with the emergence of the COVID-19 pandemic and underlined its devastating
consequences.

Taleb (2007) named an unexpected event that can be historical economic, technological or
personal, and has a remarkably rare probability of occurrence "The Black Swan". Some
scholars (Dunbar, 2019; Ross, 2019) estimate that this event is often considerably improbable
to predict because it is an event with a rather profound possibility of occurring. Some scholars
(Wood & Bandura, 1989; Tornjanski et al., 2014) emphasise the growing necessity for
synthesising appropriate tools and software packages that include external and internal factors
and possible alternatives concerning managing the change process.

Miréeti¢ and Cudanov (2021, p. 225) argued what factors had created a new, uncertain
business environment and concluded that those factors are globalisation, economic crisis,
recession and the global coronavirus pandemic. Cvijanovié, Pantovi¢ & Pordevié¢ (2021, p.
123) stated that the COVID-19 pandemic led to the implementation of many restrictive
measures to prevent it. Ahern and Loh (2020) indicate that the COVID-19 pandemic is the
most notable global pandemic after Spanish influenza. Mirceti¢, JanoSik and Malesevi¢
(2019) observe that organisations working in uncertain environments are endeavouring to
improve their performance and achieve a competitive advantage in various ways. Berber et al.
(2019) emphasise leadership as one of the fundamental concepts in scientific research and
business practice, which is essential in crises.

However, changes in work, such as eliminating tasks or reducing the number of people
doing the same work, require fewer changes than changes in technology, such as automating
work. Notwithstanding, changes in technology usually require less change than changes in
structure, such as, for example, eliminating hierarchical levels or merging departments
(Vukoti¢ et al., 2012).

4. RESEARCH: THE EXAMINATION OF THE LEADERSHIP
BEHAVIOUR

The target group of this research was exclusively people in certain leadership positions in
organisations to determine the extent to which their leadership is task-oriented and how much
it is directed towards the relationship with followers. The respondents’ organisations have
shown that they are both effective and efficient in their work, while some organisations are
rewarded for their performance.

The following hypotheses are set:

General Hypothesis HO: Leaders contribute to the efficient and effective operation of
organisations, which is manifested through the behaviour of leaders towards tasks and the
behaviour towards followers.

A specific hypothesis H1 states: If organisations are proven to be effective and efficient,
leadership style in task-oriented behaviour will be more articulated.

Another specific hypothesis H2 declares: If organisations are proven effective and
efficient, the leadership style in terms of behaviour directed towards relationships with
followers will be more enunciated.
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Respondents were issued the Leadership Behaviour Questionnaire by Norhouse (2019, p.
158). The sample consists of 239 validly completed questionnaires, which is a relevant
sample for conducting research. Selected demographic data is presented in Figure 3. Of the
total number of validly completed surveys, women completed 120 surveys or 50.2%, while
men completed 119 surveys or 49.8%. The age structure of the respondents is diverse. Of the
total number of respondents, 17 were between 18 and 24 years old or 7.1%. From 25 to 30
years old, there were 63 respondents or 26.4%, while slightly more respondents, a total of 65,
were between 31 and 40 years old, or 27.2%. A slightly lower percentage of respondents,
23.8% or 57, were between 41 and 50 years old. From 51 to 60 years, there were 22
respondents or 9.2%, while the least number of respondents were over 60 years, 15 of them,
or 6.3%.

»

Female: 120 - 50.2% Male: 119 - 49.8%

Figure 3. Selected demographic data
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4.1 Research results: Relationship-oriented behaviour

Results of approach to leadership style as a task-oriented behaviour show that out of 239
respondents, 11, or 4.6%, had a maximum of 50 out of 50 points, while 76 leaders, or 31.8%,
scored 45 points or more.

The overall average score for the approach to leadership style as a task-oriented behaviour
was 42.27 points. However, a significant number of leaders obtained an extremely high score
of 45 points or more, which is 31.8% of the total number of respondents. Therefore, it is
considered that the specific hypothesis H1, which stated "If organisations are proven to be
effective and efficient, leadership style in task-oriented behaviour will be more articulated”, is
successfully validated.

4.2 Research results: Task-oriented behaviour

The results obtained by researching leadership style as a relationship-oriented behaviour
are higher than those obtained by researching leadership style as behaviour strived towards
tasks. The average result for relationship-oriented behaviour is 44.04 points.

Considering that the maximum result that could be achieved during the survey was 50
points and that for this paper, any result above 45 points was considered extremely high, it
can be concluded that the leaders had a high score on average. This data was expected,
considering that the initial premise was to research the leaders of those organisations with
above-average performance.
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Individual results of leaders are higher when viewing leadership as behaviour directed
towards relationships with followers than a behaviour directed towards tasks. Interestingly,
the highest number of points had the same number of respondents; eleven of them or 4.6%
had a maximum of 50 points. More than half of respondents, 50.63% or 121 respondents, had
a score of 45 or more points. Only seven respondents, or 2.93%, had a low score, considering
that a score of 35 points or less was considered a low score for this paper.

Considering the high results achieved when it comes to observing leadership as
relationship-oriented behaviour, as well as the fact that more than half of all respondents had a
score of 45 points or more, it is considered that if organisations are proven effective and
efficient, leaders' style in terms of behaviour that is directed towards relationships with
followers will be more pronounced. Thus the specific hypothesis H2 is proven.

4.3 Research results: The overall average score

For this paper, an adapted leadership grid (Mirceti¢, 2019) was used, which was formed
based on the management grid. Bearing in mind that the respondent could achieve a
maximum of 50 points and a minimum of 10 points during the survey, the adapted leadership
grid consists of one quadrant divided into 40 segments into one and 40 segments on the other
axis. Such differentiation enables very precise registration of research results and gives the
possibility to notice similarities and differences in the results graphically.

Figure 2 provides a graphical representation of the overall average for leadership research
where the amounts are the result of 42.27 points for leadership in terms of task-oriented
behaviour and 44.04 points for leadership in terms of behaviour directed toward followers in
the adapted leadership grid.

Figure 2. The overall average score for leadership research
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The graphical representation clearly shows the position of the overall average, which is the
evidence of successfully confirmed specific hypotheses H1 and H2, that stated "If
organisations are proven to be effective and efficient, leadership style in task-oriented
behaviour will be more articulated™ and "If organisations are proven effective and efficient,
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the leadership style in terms of behaviour directed towards relationships with followers will
be more enunciated".

Therefore, General Hypothesis HO stated, "Leaders contribute to the efficient and effective
operation of organisations, which is manifested through the behaviour of leaders towards
tasks and the behaviour towards followers," is confirmed.

5. CONCLUSION

Leadership is a permanent, organised activity aiming at achieving organisational goals.
Thus, leadership implies the existence of two accompanying sides: the leader and followers. A
modern leader should direct his behaviour towards followers in an adapted style that
motivates and develops followers and accepts all possibilities for change. Therefore, all
concepts of leadership consideration for this article are based on the behaviour of the leader.
The behaviour of the leader can be oriented towards tasks and relationships with followers.

Leadership is an essential factor in any successful organisation. On the other hand,
business organisations strive to achieve their goals as efficiently and effectively as possible,
which causes the necessity for successful leaders, implying that efficient leadership is one of
the preconditions for efficient organisations. In theory, the nature of leadership is to
encourage, guide, and motivate subordinates to accomplish previously set tasks and goals.

This article analyses in more detail two approaches to leadership style: results-oriented
behaviour and relationship-oriented behaviour. The subject of the research was the influence
of leadership style on the performance of organisations. The contemporary business
environment has imposed new trends of observing and incorporating leadership within
business organisations. In the research conducted for this paper, the respondents were leaders
in organisations with proven efficiency and effectiveness. The outstanding performance of
organisations implies proven effectiveness and efficiency, which requires an effective and
efficient leader. Therefore, the research results for both leadership styles, task-oriented
behaviour and relationship-oriented behaviour, are high and prove all starting hypotheses, two
specific and general hypotheses. Results that nevertheless reflect a slight predominance of
follower-oriented behaviour are presented on the adapted leadership grid.

The general conclusion is that there is an influence of leadership style on the performance
of organisations. However, research in the paper also notes certain limitations, primarily in
the number of respondents. Although the sample was of a size that could be considered
representative, the results would be determined even more precisely, and conclusions could be
made that a more significant number of leaders were surveyed in the research. This limitation
is both a recommendation for further research and a good starting point, perhaps for other
researchers who can, after some time and especially after the COVID-19 pandemic, compare
what the results were and what they will be and to show what the trend is in all analysed
aspects.
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ABSTRACT

One of the conditions for the long-term economic sustainability of countries is the preservation of total
capital stocks observed as drivers of economic growth. This fact makes very relevant the issue of use and
especially the substitutability of produced and natural capital in the production process. The answer to it is
most closely related to understanding the essence of the concept of weak and strong sustainability. Starting
from such explicit observations, the paper attempts to consider the elementary consequences of the crisis
caused by the Covid-19 virus pandemic on the phenomenon of substitutability of produced and natural
capital in the process of creating material values. It was pointed out that from the point of view of the key
postulates of the development economy and the real possibilities for the outbreak of health crises, only the
option of strong sustainability is acceptable in the long run.
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1. INTRODUCTION

We are witnessing radical changes in all aspects of production and life in this century,
regardless of the fact that some of them are the key drivers of numerous economic and social
transformations. In addition, at the beginning of 2019, the world faced the Covid-19
pandemic, and the crisis caused by it, which is similar to the depression from the beginning of
the 1930s. The pandemic has caused great damage to the world economy, at the same time
shedding new light on the phenomenon of globalization as the main economic, social,
political and cultural phenomenon of the last thirty years. It can be stated with certainty that
the Covid-19 pandemic additionally contributed to its slowdown, although it is still not
possible to talk about deglobalization. In the time of growing globalization, the world has
converged with common values, standards and procedures, which were given impetus by
continuous progress of technology, especially in the field of information and communication
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technologies, leading economic markets, most important regional economic integration, as
global trade and financial institutions. (Cvetanovi¢, Novakovi¢, 2019).

An in-depth analysis of the consequences of this crisis is indisputably necessary for
shaping an effective policy of adaptation of national economies to changed circumstances. In
general, this statement is applied to all policies, including economic development policy. It
depends on the success of economic development management in the conditions of changed
circumstances whether specific economies will develop more or less successfully, i.e.
sustainably.

It can be argued with certainty that the consequences of the pandemic already imply
substantial changes in the policy of economic development. This is for the main reason that
the area of finance cannot be a key operational tool in correcting increasing and deeper
economic imbalances. Also, it is becoming more and more obvious that, with classical
protectionist measures, the excessive use of natural resources and uncontrolled pollution and
destruction of the environment on a global level cannot be stopped by far (Jur¢i¢, 2021).

According to the previously expressed reflections on the crisis caused by the Covid- 19 virus
and the need to design an effective policy of adaptation of national economies in changed
circumstances, the analysis of the imperatives of sustainable economic development in the new
conditions of the world economy is imposed. This problem is realized in the paper by looking at
the paradigm of sustainable development, primarily through the prism of the need to preserve the
total amount of capital treated as a driver of long-term economic growth, on the one hand, and the
explication of the elementary consequences of the Covid-19 pandemic on the substitutability, on
the other. The composition of the paper was adapted to the subject and the goal of the research,
which, in addition to the introduction, conclusion and list of used literature, consists of four
sections. In the first section of the paper, a brief overview of the theory of the development phase
of Walt Rostov, as the dominant teaching on the economic modernization of countries during the
1960s, is given. In addition, it briefly reviewed the basic postulates of the concept of sustainable
development. The second section of the paper gives a brief overview of the basic type of capital as
a driver of economic growth and development, while the third section emphasizes the basic
differences between the concepts of weak and strong sustainability. Finally, in the fourth section,
an attempt is made to consider the consequences of the Covid -19 virus pandemic on the
substitutability of produced and natural capital in the process of creating material values.

2. FROM THE WALT ROSTOW MODERNIZATION THEORY TO THE
PARADIGM OF SUSTAINABLE DEVELOPMENT

The dominant theory of economic development during the seventh decade of the last
century was undoubtedly the so-called theory of the growth stage of American economist
Walt Rostow. In his capital work The Stages of Economic Growth from 1960, he identified
the following five phases in the development of society: Traditional Society, Transition
Society, Phase of ascent, Stability or Maturity Phase, and Mass Consumption Phase
(Dragutinovi¢, Filipovi¢, Cvetanovi¢, 2015).

In the first phase, which characterized the world economy to early capitalism, the dominant
labor force was employed in agriculture (up to 75% of total employment), with very low
factor mobility, great unevenness in the distribution of wealth and decentralized political
power. It was characteristic for a period of transition, from feudal regulation to early
capitalism. During this period, the wealth is redistributed, financial centers are created, and on
the basis of that and on the basis of political power, there was the centralization of political
decision-making in the form of the organization of political parties.
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The next phase is marked with the name of the transition. As its main characteristic,
Rostow states that it is necessary to achieve a share of investment in the distribution of the
Gross Domestic Product of at least 10% in order to enable self-generating and sustainable
development. Rostow, as the primary purpose of the growing investments, mentions
investments in public infrastructure, including road, telecommunication, energy and other
communications. In this way, there is easier communication between the partners in the
market, the transaction costs are reduced, and the integration of the national market is coming
to an end (Cvetanovié, D., 2017).

The ascent phase is, according to many characteristics, like the transit phase of
development. Namely, preconditions for ascent are created just during the transition.
Investments in the take-off phase account for far more than 10% of GDP in order to reach
such a level of income per capita in the future, which provides significant savings and new
investments. Also, during the ascent phase, the propulsive sectors of growth generate the
highest growth rates of production and income and represent the engine of the whole
economy (Todaro, Smith, 2015).

At the stage of maturity, there is gradual replacement of the pull sectors, so instead of
strengthening the production of steel, modernizing the transport infrastructure, and so on, it
switches to the production of final industrial products with a much higher added value
contained therein. Parallel to the change in the structure of the domestic industry, there are
also significant social changes: the urbanization process intensifies; there is depopulation of
rural areas, and the structure of labor force is changed by sectors.

The last, mass consumption phase has been achieved only in a limited number of highly
developed market economies, and any less developed country will certainly not come to it in
the near future. Earlier or later, highly developed countries are reaching this stage as a result
of significantly increased production opportunities created by new technologies, intensive
application of knowledge and technical progress on it. This phase leads to a radically altered
structure of creation of production, employment and concentration of power (Cvetanovié, D.,
2017).

Although Rostow's theory of developmental phenomena can be subjected to serious
researches in various ways, the facts that have been confirmed on the basis of experience
show a very high level of correlation between the achieved standard of living and the share of
industrial production in GDP creation. In very poor countries, there is almost no industrial
production, while in highly developed countries, 20-40% of available resources are engaged
in industry. During the economic history it has been shown that the rapid growth of living
standards has been created as a consequence of the abandonment of traditional agricultural
production and the reallocation of available resources in industrial production. Also,
experience shows that there is a high positive correlation between GDP growth rate and
growth rate of industrial production, according to the principle: the rate of growth of industrial
production is higher than the average growth rate of GDP, that is, the higher the growth rate
of industry production than the average growth rate of GDP, the faster the growth rate of
GDB, i.e. the faster the industry's share in GDP, the greater the opportunities for faster GDP
growth (Jovanovi¢-Gavrilovi¢, 2013).

During the seventies of the previous century, partly because of dissatisfaction with the
theoretical phase of Rostow's development, different versions of the theory of dependence
appeared. In short, dependency theorists claim that developing countries are confronted with
the institutional, economic and political environment. They depend in a certain way on
economically developed countries. The theory of dependence also argues that the structural
disadvantages of peripheral countries, such as isolation from the capitalist core, the
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international division of labor and global trading conditions, are the main obstacles to their
development, and not the lack of capital or skills. However, the theory of dependence is
criticized for underestimating the internal problems of local economies of developing
countries.

Parallel to the growing dissatisfaction with Rostov's economic growth stage at the end of
the 1960s, the idea of sustainable development appeared, which was initially inspired by the
limitations imposed by the economic activity on the physical environment and the attitude of
researchers of economic development that plant and animal species and ecosystems should be
used in a way that does not jeopardize their unlimited reproduction.

At the beginning of the 1980s, the prevailing opinion in the scientific and professional
public was that the prevailing theories and policies of economic development were necessary
in terms of taking into account the fact that unlimited economic growth manifests humerous
negative consequences related to the depletion of natural resources and excessive
environmental pollution In part, and in response to the changed attitudes of the professional
public in terms of economic growth and development, there was a formation of the World
Commission on Environment and Development in 1983 by the United Nations Assembly. In
1987, this Commission submitted a report on important issues of global economic growth and
development that threatened the global ecological system and inflicted serious damage under
the name Our Common Future. In the report, sustainable development is defined as a
development that meets the needs of the present without compromising the ability of future
generations to undermine their own needs (Saks, 2014; Elliott, 2012; Pokrajac, 2009). This
document is known in the broadest public as the Brauntland Report.

The determinants of the sustainable development paradigm are numerous. The following
determinants are emphasized by their significance: anthropocentricity, long-term, spatial
comprehensiveness, transparency of goals. It turns out that the paradigm of sustainable
development encompasses the optimization of numerous interactions of nature, society and
economy, not only according to the criteria of economy, but also ecology. Thus, the
sustainability development paradigm implies economic growth that starts from the interaction
of economics, technology and ecology in a way. By the nineties, the idea that development
must be achieved in an environmentally friendly manner has become a standard within the
framework of studies on economic development and environmental studies. The concept of
sustainable development is based on the principle of intergenerational equity. It is
incomparably the broader notion of economic growth and economic development, as it
includes many aspects of environmental improvement, sustainable economy, sustainable use
of energy, sustainable industrial activity, etc. In short terms, the category of sustainable
development is an integral economic, technological, social and cultural development, in line
with the need for environmental protection and the needs of future generations, as well as
with the principles of the overall economic development policy.

There are three basic dimensions of sustainable development: ecological, economic and
social. Ecological sustainability speaks of the elasticity or ecosystem sustainability. It denotes
the requirement that the most significant environmental disruption factors, i.e., environmental
change factors are kept under control. Key factors of ecological change are: destruction of the
biosphere, i.e. pollution of air, water and land; resource constraints; demographic expansion;
overcrowding, i.e. formation of megalopolis and metropolitan regions; nutrition problem. The
economic aspect of sustainable development represents a new development paradigm,
qualitatively different from all previous models of economic development. This development
paradigm does not neglect the importance of the intensity of economic growth but it also
emphasizes the importance of its quality. In essence, this concept marks an attempt to find the
answer to the issue of underdevelopment by simultaneously addressing the problems of
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growing devastation of natural resources and especially environmental degradation. Social
sustainability refers to the avoidance of serious social conflicts resulting in a decline in
economic activity, employment and income.

The basic problem of applying this concept stems from the fact that the proclaimed
principles and key categories of sustainability paradigm are not far from the required
operational level (Salas-Zapata, Rios-Osorio, Trouchon-Osorio, 2013). In other words, it was
necessary to make them real in a way that expresses the demands and contents of a concrete
historical-geographical area. This is partly due to multilayers, i.e. multidimensionality of the
phenomenon of sustainability, or the fact that it has more meanings that are, as a rule, in a
conflicting situation. It is practically impossible to approach the simultaneous realization of
all aspects of sustainability, which led to the need for a kind of settlement.

3. FOUR FORMS OF CAPITAL AS DRIVERS OF ECONOMIC
DEVELOPMENT

The ability to meet the needs of present and future generations depends, first of all, on the
availability of capital. The requirement for sustainability is the preservation of total capital
stock, assuming no technological progress or population growth. The key question is to what
extent different components of total capital stock are interchangeable (Harris, Roach, 2018).

Four forms of capital that are most discussed in theory and in the policy of economic
development are physical, human, natural and social capital. Physical and human capital is the
result of man’s work and is often referred to as anthropogenic capital. In the light of the
defined goal of research in this paper, it is of particular importance that theoreticians of
economic development view the possibility of their replacement in the process of accelerating
the rate of economic growth. It should be noticed that this issue was specifically discussed at
the World Summit on Sustainable Development in Johannesburg in 2002.

Physical capital is most commonly referred to as capital goods in macroeconomic
literature. The key characteristic of capital goods is that they are the output in the previous
production process, and input in the next one. The three most important categories of capital
goods are: production equipment (machines, tools, etc.), construction facilities (factory and
residential buildings, roads, railways) and stocks. Capital goods are a factor of production that
is the result of the creativity of human labor. Their value determines the possibility of
producing consumer goods.

Human capital includes knowledge and skills. Similar to physical capital and human
capital, it represents the produced factor of production. Education is the process of
"production” of human capital, while training, or the acquiring of skills, increases its value.

The concept of natural capital implies the extension of the classical notion of natural
resources, that is, the country in terms of the production factor for the area of agriculture and
the environmental content. In addition, the environment represents natural and created values
whose complex interrelationships form an environment. Activities that affect the environment
mean any permanent or temporary operation, which changes the states and conditions in the
environment, and refers to: the use of resources; processes of production and traffic;
distribution and use of materials; discharge (emission) of pollutants into water, air or land;
waste and wastewater management, chemicals and harmful substances; noise and vibration;
ionizing and non-ionizing radiation; accidents.

Physical capital is most commonly referred to as capital goods in macroeconomic
literature. The key characteristic of capital goods is that they are the output in the previous
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production process, and input in the next one. The three most important categories of capital
goods are: production equipment (machines, tools, etc.), construction facilities (factory and
residential buildings, roads, railways) and stocks. Capital goods are a factor of production that
is the result of the creativity of human labor. Their value determines the possibility of
producing consumer goods.

Human capital includes knowledge and skills. Similar to physical capital and of
"production” of human capital, while training, or the acquiring of skills, increases its value
(Andrejevi¢ Pani¢, 2015; Andrejevi¢ Pani¢, JeSi¢, 2016.). Human capital is a set of
knowledge, skills, competencies and abilities embodied in individuals acquired through
human capital, it represents the produced factor of production. Education is the process
education, training, health care, migration of young and educated people (Benos, Zotou, 2014,
669). Newer approaches refer to the characteristics of people and society as components of
human capital, which affect the effects of work, including factors such as ability, motivation
and culture. Some experts extend the content of human capital to individual characteristics of
people such as: creativity, innovation, attitudes (about life, business, etc.), diligence,
responsibility, persistence, self-initiative, success in communication, problem-solving ability,
critical thinking, independent learning, flexibility and adaptability. Thus, while the traditional
approach emphasizes the level of education, training and health status of the population as its
key attributes, the modern approach recognizes that human capital includes many social,
political and economic dimensions of human activity. In the years from the end of the 20th
century, the concept of human capital was expanded by incorporating into its content the
categories of creativity, enthusiasm, innovation, happiness and well-being, communication
skills, critical thinking, independent learning and the like (Cvetanovic, Pani¢, 2021, 13). The
Covid-19 pandemic particularly emphasized the importance of the health status of the
population in preserving human capital.

The concept of natural capital implies the extension of the classical notion of natural
resources, that is, the country in terms of the production factor for the area of agriculture and
the environmental content. In addition, the environment represents natural and created values
whose complex interrelationships form an environment. Activities that affect the environment
mean any permanent or temporary operation, which changes the states and conditions in the
environment, and refers to: the use of resources; processes of production and traffic;
distribution and use of materials; discharge (emission) of pollutants into water, air or land;
waste and wastewater management, chemicals and harmful substances; noise and vibration;
ionizing and non-ionizing radiation; accidents.

Social capital is the capital of cooperation, interaction, mutual trust and mutual assistance,
which are formed during the economic relations of individuals, it cannot be privately owned
and it has the attributes of the public good. It is not directly noticeable because people carry it
in itself. Different environments differently support individual forms of social capital, due to
which various economic evaluations are possible. Social capital consists of institutions,
relationships, attitudes and values that govern interpersonal interactions and which contribute
to economic and wider social development. It is a good part of the legal, political and
institutional environment in which economic actors work, that is, they perform their functions
and realize their goals. It is a capital of permanent and, to a certain degree, of institutionalized
relationships between individuals and organizations, which facilitate activities and contribute
to the creation of economic values (Milanovié¢, 2009). The fact is that humans, as social
beings accustomed to direct communication, find it difficult to experience isolation, spatial
distance, and limited freedom of movement as inevitable consequences of the Covid-19
pandemic.
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4.CONCEPTS OF WEEK AND STRONG SUSTAINBILITY

Awareness of the need to respect environmental criteria at all levels became dominant
among leading political factors at the time. In 1983, the United Nations formed the
Commission for Development and the Human Environment, headed by Swedish Prime
Minister G. M. Brautland. In 1987, this body made an extremely comprehensive study on the
most pronounced problems of global economic growth and development, which were
accompanied by increasingly pronounced environmental requirements. According to it, the
term sustainable development is defined as harmonizing the needs of the current generation
without compromising the needs of future generations.

The implicit requirements of the concept of sustainability are:

- sustainable intergenerational economic wealth of people,

- ensuring the survival of the human species for as long as possible,

- striving for elasticity in production and economic system,

- biodiversity maintenance,

- ensuring community sustainability and

- stabilization of the biosphere.

Since sustainability has more meaning and content, what is sustainable for a particular
community is what:

- enables sustainable economic growth and development,

- is socially acceptable,

- harmonizes the relationship and measure of economic and social development according

to ecological capacities,

- is politically acceptable (may be subject to agreement in official institutions).

The idea of sustainable development is more convincing if it is interpreted as a way that an
additional level of development can be socially unnecessary, if the environment is
catastrophically degraded, if greater inequality in distribution leads to political unrest, and the
like. A useful definition of unsustainable development could be that it is the development
after which environmental damage influences economic growth. If development is defined as
an increase in well-being, then sustainable development means not decreasing well-being over
time. Sustainability implies responsible behavior towards future generations, regardless of the
fact that they do not have the right to vote and cannot influence the creation of current policy.

The essence of the concept of sustainable development is the interaction of economic and
social development and the environment, as well as the mutual conditionality and
complementarity of economic development and environmental protection policies, which
respect the laws of ecological systems. In other words, unlike all previous concepts of
economic development, in the paradigm of sustainable development, economic goals lose
their relative significance.

The imperative of sustainable development does not ignore the importance of economic
growth, i.e. it does not neglect the necessity of a real increase in production. However, it
rightly raises the question of the price of such growth. Actually, it makes sense to talk about
the growth of production only under the condition that the increase in production does not
lead to growing imbalances in the natural environment.
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5. SUSTAINABILITY OF NATURAL CAPITAL

Looking at the paradigm of sustainable development through the prism of preserving the
total amount of capital, we come to the question of the concept of weak and strong
sustainability. In short, the concept of weak sustainability allows substitution between natural
and anthropological capital, provided that the total amount of capital does not decrease.

The essential difference between these two concepts is whether it is possible and to what
extent to substitute between anthropogenic and natural capital.

The concept of strong sustainability implies a special observation of natural and
anthropogenic capital. This form of separation of these two types of capital is more important
than the concept of poor sustainability, because it practically eliminates the possibility of
replacing one form of capital with another and, from a point of view concerning the economy
of resources, it is more acceptable.

Proponents of strong sustainability argue that natural systems should remain intact
wherever possible. They identify critical natural capital (such as water sources) as resources
that need to be preserved in all circumstances. According to this view, for example,
maintaining the natural fertility of the soil is essential even if degraded soil can be
compensated by additional fertilization. According to a more moderate approach to weak
sustainability, certain degradation or loss of natural capital is acceptable if the loss is
compensated by the accumulation of produced capital. Each of these concepts of
sustainability (and especially a strong version) implies that there are limits to economic
growth. Economic activity that relies heavily on natural resources, raw materials and fossil
fuels cannot grow infinitely (Cvetanovic et el, 2013).

If our approach to strong sustainability would be more acceptable, we would separately
take into account natural capital and anthropological capital and we would ensure against the
depletion of natural capital funds. It would be acceptable, for example, to exclude forests in
one area only if similar forests would spread in other areas, which would result in total forest
funds remaining the same. Petroleum supplies can only be developed if simultaneously
approximately the same capacity of alternative energy sources is developing. The application
of strong sustainability would require extensive government intervention in the market and
radical changes in the nature of economic activity.

An important justification for sustainability criteria is related to ecological complexity and
irreversibility. Current ecological systems evolved over many centuries to achieve a balance
that encompasses the interactions of thousands of animal and plant species, and to achieve
delicate balanced physical and chemical relationships in the atmosphere, the oceans and
freshwater and terrestrial ecosystems. Extensive exploitation of natural resources permanently
alters this ecological balance with effects that are not fully predictable. In some cases, the
disturbance of the ecological balance can lead to a disaster: the spread of deserts, the collapse
of the ocean food systems, the destruction of the ozone layer, pollution of underground water
reservoirs, the formation of pests that are resistant to insecticides and the like. Extinction of
living species is a clear example of irreversible damage caused by unknown environmental
and economic costs in the future. Environmental economists therefore advocate the principle
of taking precautionary measures: we should strive for minimal interference with the
functioning of natural systems, especially when we cannot anticipate long-term effects. This
principle obviously defies simple definitions of economic value calculation and resource use.
Such budgets, therefore, have value only if we place them in a wider context, whose priorities
sometimes need to bridge the logic of the market equilibrium.

The increase in capital produced in reality causes additional depletion of natural resources.
If unlimited substitution between produced and natural capital is allowed, then natural
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resources will ultimately be depleted due to the creation of produced capital. Therefore,
representatives of environmental economic theory advocate the concept of strong
sustainability. They believe that natural and produced capital are complements in the
production process. In their view, proponents of poor sustainability do not attach sufficient
importance to the depletion of natural resources and environmental pollution, which can limit
social well-being regardless of the overall level of capital. Therefore, the parts of the
environment that are necessary for the regulation of ecosystems must not be substituted by the
produced capital. The basic rule of strong sustainability dictates that natural capital stocks
must be constant over time. This minimizes the accumulation of hazardous waste and ensures
the availability of stable inputs for future production processes of future generations.

6. COVID-19 PANDEMICC AND CONCEPTS OF WEAK AND STRONG
SUSTAINABILITY

The Covid-19 virus pandemic has not been over yet. Moreover, the assumptions of its
escalation in the fall of 2021 are very realistic. It is understandable, therefore, that the
consequences of the current pandemic on the economy and society are far from being
registered, or quantified. It is indisputable, however, that the negative effects of the crisis
caused by the Covid-19 virus are extremely visible in the field of economy. They are
primarily reflected in the reduction of production, transport and sales. With the rise in
unemployment, consumption decreased, which, in accordance with the Keynesian sequence of
economic events, further slowed down aggregate production. Numerous service industries are
still facing huge labor surpluses and large losses.

The most pronounced change in the period of global isolation was the decline in CO;
emissions due to reduced human activity. This has resulted in improved air quality, in the
countries most affected by the Covid-19 virus, but also globally.

The positive effects of the pandemic include a temporary reduction in the use of fossil
fuels, especially in industry and transportation, including air transport, which has led to a
short-term decline in carbon dioxide emissions. Due to the restriction of industrial production,
a decrease in nitrogen dioxide is also noticeable.

The positive effect of the slowdown in industrial production was also reflected in natural
watercourses, which, by self-purification, could mitigate the harmful effects of wastewater
flowing into them. The beneficial effect of the current crisis on the state of the environment
can be seen through the reduction of noise levels due to quarantine and the interruption of
many economic and social activities of people. The reduction of noise levels was also affected
by the fact that numerous economic activities took place outside the employer's headquarters,
that social distance was maintained, as well as the fact that direct communication was
replaced by electronic.

A noticeable negative impact is present in the waste management sector. The fight to
reduce the use of disposable plastic was further aggravated by a new source of pollution -
disposable protective equipment (masks, gloves, spacesuits, bedding from Covid hospitals)
which ends up in rivers and oceans due to improper disposal. Also, because of the difficulty in
transportation, there was an increase in food waste due to the expired shelf life of the product.
This is the reason why some countries should, in the period of recovery until 2030, harmonize
their public policies with the needs of environmental protection and the fight against climate
change. In short, they should motivate the representatives of the economy through regulatory
and economic instruments to turn to sustainable investments, waste reduction, i.e. to use raw
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materials through maximum models in circular economy models and to reduce CO;
production and use of non-renewable natural resources through energy efficiency. Access to
resources is important for any economy, so recycling is imposed as a necessary measure (and
activity) that will reduce the need for resources and their shortage. The application of
renewable energy sources and other low-carbon technologies can increase the resilience of
energy supply (Radi¢ et al, 2020, str. 145).

The Covid-19 pandemic can certainly be considered a negative exogenous shock whose
effects are spreading through the economic system. It can be said with certainty that the shock
of the pandemic hit the economy both from the side of aggregate demand and from the side of
the total supply, which makes the issue of purposeful anti-crisis measures design especially
sensitive (Prascevi¢, 2020). Demand is affected by a significant reduction in all its
components. Now, households spend only on basic needs - food, medicine, possibly
protective equipment. Entrepreneurs' investments have been reduced, as well as temporary
capital expenditures of the state. Most states are increasing their spending on the health care
system and on increasing hospital capacity.

An even more drastic example is the impact of the pandemic on aggregate supply. Namely,
the recession caused by Covid - 19 was primarily caused by the shock of aggregate supply, in
contrast to the Great Global Recession (2007-09) and the Great Depression (1929-30), which
were caused by the fall in aggregate demand. This is due to the fact that many economic
entities have reduced or completely stopped production since entire parts of the world have
been quarantined. This has caused problems in a globalized world characterized by global
supply and production chains. All this will have consequences for productivity and aggregate

supply.

7. CONCLUSION

In the early 1960s, in the scientific and professional public, the prevailing view was that it
was necessary to reconsider the previous economic development theories in the sense of the
necessity to appreciate the fact that unlimited economic growth exhibits unacceptable
negative changes on a global scale. The determinants of the paradigm of sustainable
development are numerous. Its significance emphasizes the following: anthropocentricity,
long-term, spatial comprehensiveness, transparency of goals. It turns out that the paradigm of
sustainable development encompasses the optimization of numerous interactions of nature,
society and economy, not only according to the criteria of economy, but also ecology. Thus,
the sustainable development paradigm implies economic growth that starts from the
interaction of economy, technology and ecology in a way that respects the requirements of the
environment, as well as requirements of intergenerational and intragenerational justice.

Looking at the paradigm of sustainable development through the prism of preserving the
total amount of capital, we come to the question of the concept of weak and strong
sustainability. In short, the concept of poor sustainability allows substitution between natural
and anthropological capital, provided that the total amount of capital does not decrease. The
concept of strong sustainability implies a special observation of natural and anthropogenic
capital. The concept of strong sustainability practically eliminates the possibility of replacing
one form of capital with others in the production process, and from a standpoint of the
development economy in the longer term, it is more acceptable.

In the light of the defined subject of research in this paper, it is important to point out that
the crisis caused by the Covid-19 virus further shook the basic postulates of neoliberal
economic theory. Neoliberal views on the expediency of unrestrained market action, on the
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one hand, and the unlimited substitutability of produced and natural capital of the
environment, on the other hand, have been further called into question. The crisis caused by
the Covid-19 virus is without a doubt a serious warning that it is necessary to re-examine
confidence in the exclusively progressive future of the human species.

The initiated mechanism of insecurity as an inevitable companion of the pandemic has left
numerous negative consequences on almost all social and political events in the world. At the
time of the Covid-19 virus pandemic, the relevance of sustainable development goals is
becoming even more pronounced. Climate change, waste disposal, greenhouse gas emissions,
biodiversity conservation and similar phenomena affect all segments of social life. The world
is facing a great challenge, the climate crisis in the future, which scientists warn about and
which can cause fatal consequences for the economy and security of the population. The
negative socio-economic effects of the health crisis are almost marginal in relation to the
potential climate crisis and the global loss of biodiversity.
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ABSTRACT

The entire world is struggling with the COVID-19 pandemic. It is a major challenge because the
SARS-CoV-2 virus spreads quickly. The pandemic has led to lockdowns and human activity has been
reduced in an attempt to minimize transmission. Compared to other pandemics, COVID-19 is
probably the worst in modern history because of the number of deaths, hindrance of human activity
and adverse effect on the global economy. The paper discusses the impact of the COVID-19 pandemic
on water resources. It presents possible scenarios of groundwater contamination with wastewater that
carries the SARS-CoV-2 virus and addresses the effect of lockdowns on the water sector.

KEYWORDS
Lockdown, groundwater contamination, water sector

1. INTRODUCTION

Water plays a major role in human health. However, water often contains pollutants of
natural (geologic) or anthropogenic origin. Most countries are experiencing an increasing
number of illnesses and fatalities caused by drinking water of inadequate quality. The water
demand is increasing due to population growth and intensifying activities in various sectors,
such as industry, agriculture and households.

Pollution is a serious challenge facing the entire world and particularly developing
countries. Increasing human activity is having several adverse effects on the environment,
including aquatic ecosystems. Heavy metals are highly persistent in nature because of their
low biodegradability; they can be extremely toxic in high concentrations (Verma, 2020). The
presence of organic pollutants and pathogens also creates major issues. When found in aquatic
environments, these pollutants can have a negative effect on plants, domestic animals, people
and the food chain (Yan et al. 2019).

Efficient water resources management is one of the most important aspects of sustainable
development. Groundwater management is an integral part of efficient water resources
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management. It is highly complex because groundwater is not a “visible” resource and
detailed investigations are required to determine available quantities. Numerical models are
often used to quantify groundwater. The hydrodynamic model applied to determine the
infiltration parameters, water budget and groundwater reserves of the Vi¢ Bare alluvial
aquifer is an example (Polom¢i¢ et. al 2013). Hydrodynamic models are also used to design
drainage systems that dewater mines (Polom¢i¢ et al. 2015) and assess the impact of floods on
the groundwater regime (Polomcic et al. 2018). One of the comprehensive and state-of-the-art
approaches to groundwater management is multicriteria analysis based on fuzzy logic (Baji¢
et al. 2017, Polomci¢ et al. 2017, Baji¢ et al. 2020, Polom¢i¢ et al. 2019).

Adding to pre-existing challenges, the COVID-19 pandemic has become a significant
water quality issue. More than 200 countries worldwide have been combatting COVID-19
since January 2020. It has top priority in most countries. As a result, the scientific community
has published more than four million articles on COVID-19 (according to a Google Scholar
search of COVID-19 on 30 June 2021). They address a broad range of topics related to
COVID-19, focusing on the perspectives of various scientific disciplines such as medicine,
biology, tourism, socioeconomics, and environmental studies (Casado-Aranda et al., 2020).
An important question that has arisen from the COVID-19 pandemic is whether aquatic
ecosystems play a direct or indirect role in the spread of this disease and, if so, under what
conditions?

The objective of the paper is to discuss the impact of the COVID-19 pandemic on water
resources and the water sector. Since no detailed investigations of the impact of the pandemic
on water resources have been undertaken in Serbia, the paper refers to the results reported by
El-Ramady et al. (2020), who studied possible interactions between the SARS-CoV-2 virus
and water, as well as those of Butler et al. (2020), who studied the effect of the COVID-19
pandemic on the water sector under the auspices of the International Finance Corporation, a
member of the World Bank Group.

2. GROUNDWATER AND COVID-19

Water scarcity is a global problem, especially in arid and semi-arid regions. Conserving
sources of clean and safe drinking water is of critical importance worldwide. Groundwater is
the primary drinking and irrigation water source in many countries, with a major role in the
preservation of natural terrestrial ecosystems (Huang et al. 2019). As a result of global climate
change, involving temperature increase and redistribution of precipitation, groundwater
recharge has decreased in many countries and water salinity has increased. Groundwater
pollution has attracted global attention over the past decade due to the frequency and
potentially adverse effects on aquatic ecosystems and human health (Kuroda & Kobayashi,
2021). Numerous studies focus on groundwater pollution and remediation.

By contrast, only a few studies dealing with COVID-19 and groundwater have been
published in the previous period. Patni and Jindal (2020), Nufiez-Delgado (2020) and Steffan
et al. (2020) discuss a potential indirect impact of COVID-19 on groundwater. Patni and
Jindal (2020) speak of certain positive effects. More specifically, they conclude that
groundwater volume and quality have improved during the pandemic due to the decline in
human activity. Research that focused on the impact of lockdowns on groundwater has been
conducted in India. In one example (Punjab, India), Krishan et al. (2921) examine the effect
of lockdown on the salinity of shallow and deep groundwater. In another, Aravinthasamy et
al. (2021) assess the impact of lockdown on heavy metal concentrations and microbiological
parameters of shallow groundwater in Coimbatore, southern India. Both studies conclude that
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lockdowns have had a positive impact on groundwater quality. Nufiez-Delgado (2020) and
Steffan et al. (2020) discuss adverse effects of COVID-19 on the groundwater system,
primarily the occurrence of waterborne SARS-CoV-2 in groundwater due to contact with
contaminated wastewater. There are a few open questions relating to the connection between
groundwater and COVID-19, such as those about its direct and indirect effects on global
groundwater resources. Does groundwater play a role in the spread of COVID-19? What are
the positive and negative effects of COVID-a-19 on global groundwater resources? And how
much protection do geologic strata that overlie aquifers provide against contamination with
SARS-CoV-2?

2.1 COVID-19 and contaminated wastewater

Wastewater has been defined as water originating from households, public institutions, and
industries that do not require specific wastewater treatment (Lahrich et al. 2021). Wastewater
can be a source of pathogens, such as that discharged by hospitals and households. According
to WHO (World Health Organization), roughly 80% of global human diseases are waterborne.
Every year, 1.5-12 million fatalities are attributed to waterborne diseases, including cholera,
diarrhea, typhoid and viral hepatitis (Bhatt et al. 2020). Lethal viral illnesses include
gastroenteritis and respiratory diseases like COVID-19 caused by the SARS-CoV-2 virus
(Cao, 2020). Recent studies have demonstrated the presence of SARS-CoV-2 in wastewater
(Mallapaty, 2020; Lodder and Husman, 2020; Ahmed et al., 2020; Wu et al. 2020; Bhatt et al.
2020). It has been suggested that surface water and groundwater bodies should be checkpoints
for SARS-CoV-2 due to wastewater discharges and contamination coming from health
facilities, sewage and drained water (Kumar et al. 2020a). As such, the transmission pathways
of SARS-CoV-2 associated with water need to be identified in order to prevent a further rapid
spread of the disease (Bhatt et al., 2020). According to WHO, SARS-CoV-2 can reach an
aquifer by different routes, such as feces, evacuated wastewater and infiltration from the land
surface. Because it is known that SARS-CoV-2 is airborne and has also been registered in
water sources, the possibility of transmission through aquatic and non-aquatic environments
needs to be examined closely.

Multiple studies have addressed the transmission and fate of SARS-CoV-2 in wastewater.
Some of the important topics include:

- Detection and distribution of the SARS-CoV-2 virus in wastewater (Lahrich et al. 2021).

- The roles of water, salinity and hygiene in the spread of COVID -19 via the fecal-oral
route, particularly in low-income countries. It is currently assumed that COVID-19 spreads
through respiratory and contact transmission; however, the fecal-oral route has also been
suggested as a transmission pathway of SARS-CoV-2, from the human stomach to feces and
wastewater (Bhatt et al. 2020).

- The occurrence and persistence of SARS-CoV-2 in various environment and the
conditions that favor the survival of the virus in water/wastewater/sewage have not yet been
determined, because of evidence of transmission of the contagious virus in communities
(Thsanullah et al. 2020; Mohan et al. 2021),

- Potential secondary transmission of SARS-CoV-2 through wastewater and reducing the
risk of transmission by limiting COVID-19 resurgence. Future research should focus on the
virus in different aquatic environments (Liu et al. 2020).

- The consequences of SARS-CoV-2 in river water and groundwater that are hydraulically
connected to surface waters, in countries with poor sanitary conditions, including major
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SARS-CoV-2 loading from urban environments, and how the level of wastewater treatment
can affect the risk of COVID-19 (Guerrero-Latorre et al. 2020).

- Epidemiological monitoring of wastewater for the SARS-CoV-2 virus might be an
efficient detection technique, but it requires an effective method for SARS-CoV-2 RNA
recovery from wastewater (Al Huramiel et al. 2020; Bhatt et al. 2020; Kitajima 2020).

- The seasonality of SARS-CoV-2 and its fate in the environment, transport, inactivation
and resistance to antiviral drugs; SARS-CoV-2 is transmissible as a fecal virus through
wastewater, surface water and groundwater, leading to human potential exposure (Kumar et al
2020b).

- Environmental conditions conducive to SARS-CoV-2 transmission, such as air
temperature and humidity, might control the ability of SARS-CoV-2 to survive in droplets;
the fecal-oral route might be a pathway for COVID-19 transmission from contaminated water
bodies; and chlorination will not remove/inactivate SARS-CoV-2 fully or effectively
(Mohapatra et al. 2020).

Based on research undertaken to date, the main two aspects that likely control the fate of
SARS-CoV-2 in aquatic environments are its survival and migration. Enveloped viruses, such
as SARS-CoV-2, can be quite mobile in subsurface environments (e.g., groundwater).
Transport mechanisms and pathways that affect a water source and its interaction with soil
properties (e.g., infiltration rate, soil pH, ionic strength and viral adsorption), as well as the
characteristics of overlying sediments, protect groundwater systems from contamination
(Kumar et al. 2020a).

In addition to the above, two studies focused on the effect of the COVID-19 pandemic on
groundwater quality in India.

- For a study conducted in Punjab, 48 groundwater samples were collected in three major
industrial districts (Ludhiana, Jalandhar and Moga). Thirteen samples were from shallow
aquifers (<50 m) and 35 from deep aquifers (50-200 m). Sampling was undertaken after
lockdown, in the pre-monsoon season (June 2020). The total dissolved solids (TDS) of these
samples were compared to those recorded during the monsoon season (August 2020) and
post-monsoon season (November and December 2019), to assess the effect of lockdown on
groundwater salinity.

- The second study found a positive effect of COVID-19 lockdown on heavy metal
concentrations and biological parameters of samples of shallow groundwater in the city of
Coimbatore, southern India. The samples (n=15) were collected from shallow wells before
and after lockdown (24/25 February and 2/3 June 2020). The samples were analyzed for
heavy metals (Fe, Mn, Ni, Cr, Pb) and microbiological parameters (E. coli, fecal coliforms,
fecal streptococci and total coliform bacteria) (Aravinthasamy et al. 2021) (Krishan et al.
2021).

Some diseases are caused by waterborne viruses. SARS-CoV-2 has already been detected
in wastewater, but further investigations are needed to determine the fate and transmission in
water systems. Some of the important questions are whether transmission of COVID-19
through water is possible, how to decrease the occurrence of SARS-CoV-2 in wastewater,
what are the risks of COVID-19 transmission through drinking water and water
supply/distribution systems, and how much groundwater protection is provided by overlying
strata? There are several challenges facing the world with regard to aquatic environments and
their connection with COVID-19. Will lockdowns implemented due to the COVID-19
pandemic have a positive effect on addressing environmental problems such as air and water
pollution? Or will they aggravate these issues in the future? Such questions constitute serious
challenges for all countries, but they concern developing countries in particular.
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3. IMPACT OF THE COVID-19 PANDEMIC ON THE WATER SECTOR

Butler et al. (2020) discuss several exceptions and how COVID-19 is reflected in reduced
water sector investments across the world. The pandemic has also elevated the importance of
operational reliability due to the cost of disruption. Operational requirements originate from
work shifts, water demand patterns, supply disruptions and various extraordinary measures
implemented by governments to combat the pandemic.

The poorest countries in the world are experiencing a COVID-19 shock in addition to pre-
existing issues with urban water supply and sanitation, leading to a potentially overwhelming
burden. Low levels of access, reliability and quality of water supply, as well as sanitation and
hygiene, constitute risks in developing countries. Large cities are also faced with risks
associated with population density and illegal development. A recent World Bank facility that
identifies pandemic hotspots has pointed out that crowded living conditions and inadequate
public services, especially inefficient waste management and sanitation, are major sources of
contagion risk in large and growing cities such as Cairo and Mumbai.

Big water consumers have decreased their activity, which has resulted in a reduced
industrial water demand. The reduced water demand of large industrial and commercial users
due to lockdown and travel restrictions will decrease water utility revenues. According to
Global Water Leaders Group’s research, industrial water demand will decrease by 27%, on
average, due to the COVID-19 pandemic.

A number of countries have instituted crisis management measures that will affect
revenues. Globally, partial suspension of collection from low-income users and moratorium
on water service cut-offs are the most common crisis responses. Specific measures include (a)
delay or exemption from payment of utility bills for vulnerable groups, (b) suspension of
water service cut-offs substantiated by the need for hygiene in order to curtail the spread of
the virus, and (c) deferral of meter reading and billing.

For example, the Chilean water supply utilities have reached an agreement with the
government to postpone water and wastewater billing for nearly half of its lowest income
clients, who consume up to 10 cubic meters of water per month, for the duration of the “state
of catastrophe”. The amounts accrued during this period will be paid in equal interest free-
installments over the next 12 months. In Brazil, water supply utilities have instituted three
months of exemption/no charge for low-income households, a three-month tariff adjustment
delay, and drinking water donations.

These measures have shrunk water utility revenues. The Global Water Leaders Group
(https://www.watermeetsmoney.com/global-water-leaders-group/)  believes that  water
suppliers and water treatment plants can expect a decline in revenues of 15%, on average, due
to the COVID-19 crisis. In the mid-term, well-managed markets will likely compensate their
losses through monthly installments, government transfers or tariff adjustments. These
measures might have an effect on utility management and users’ payment culture, especially
if they are in place for a long time.

Capital expenditures (CapEx) will decrease in both short and mid term. New capital
projects will probably be deferred because municipalities will prioritize operating expenses
(OpEx) and emergency response. Global Water Intelligence (GWI) estimated that water
sector CapEx will decrease in 2020 and 2021, and thereafter possibly revert to pre-crisis
forecasts. CapEx projections for 2020 expected a 7% decrease. It is currently unclear to what
extent water supply and sanitation CapEx will shrink and how much time will be needed to
revert to pre-crisis levels.
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Operations could be affected by a higher risk of infection among utility personnel,
including both routine and construction work. The continuity and flexibility of operations are
of key importance for ongoing water supply and sanitation services, while simultaneously
moving forward any construction that had already begun. Many governments have designated
people working in the water and sanitation industry as essential workers, thus ensuring
continuity of service. However, social distancing protocols necessitate that only critical
personnel be kept on site. Logistics and supply chain disruptions have been reported.

Evidence from markets in which IFC operates indicates that financially strong utilities are
coping. Most of them are experiencing a short-term revenue shortage and unfavorable
borrowing conditions. However, these companies are generally able to bridge cash flow gaps
and at the same time continue implementing pre-crisis CapEx plans, albeit with some delay or
modifications to financial plans.

3.1 Crisis response

According to Butler et al. (2020), countries coping with historic drinking water supply
gaps and lack of access to water are resorting to emergency measures, such as water trucks.
For example, South Africa has set up water supply points for hand washing across the
country. Ghana and Peru have implemented similar measures. In the mid and long term, the
clear lesson learned from the crisis is that water supply and sanitation in insufficiently
covered areas need to be expanded and improved. COVID-19 has accelerated project approval
in several markets because the pandemic is stressing the importance of water supply and
sanitation. Such projects are also part of economic incentives for the public, given the planned
level of spending in countries like South Africa.

In response to COVID-19, IFC has been proactive in three water sector areas:

- Crisis response for existing clients. IFC is providing liquidity financing for rapid response
facilities to assist long-term clients who have demonstrated strong operational and financial
performance and are now facing a decrease in revenues and more stringent liquidity criteria of
commercial banks.

- Long-term CapEx support to water supply companies, to build resilience. IFC is
providing long-term financing to support water companies that are undertaking critical capital
projects which ensure continuity of service in the short and mid term.

- Exchange of knowledge and capacity building. IFC hosts webinars for water companies
on crisis recovery, along with World Bank’s Water Global Practice.

3.2 Prospects

According to Butler et al. (2020), COVID-19 has highlighted the importance of access to
safe and reliable water supply. Capital projects can be deferred, but economic incentives
might mitigate decreasing revenues for CapEx financing. Stakeholders should attempt to re-
assess water sector priorities after decades of inadequate investment and lack of political
prioritizing of water.

The permanent lessons learned about crisis preparedness and resilience of personnel,
systems and equipment might lead to increased spending on digital solutions. The pandemic
might also help boost the implementation of automation and remote control, which are
becoming increasingly important at times such as these. Given the effect of COVID-19, GWI
estimates that global spending on digital solutions will grow by 8% per annum on average,
from 32 billion in 2019 to 47 billion US dollars by the year 2024.
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Today’s automated user interfaces might change the future culture. Social distancing due
to COVID-19 will prompt suppliers and customers to avoid contact with service centers and
give priority to other channels of engagement. More user and useful interactions will take
place via telephone, web applications or the internet, which is often the case.

IFC intends to implement initiatives to provide water sector support in the following areas:
(a) continuity of investment in essential CapEx and progress toward SDG 6, (b) digitizing and
energy efficiency improvement in water utilities, to build future resilience, (c) more water
recycling as a viable solution for water scarcity and strengthening of upstream activities to
create markets, and (d) systematic development of investment in infrastructure by structuring
private-investment risk mitigation mechanisms such as hybrid annuity models, World Bank
Group guarantees or mixed finance.

With regard to groundwater, efficient use, detailed investigations, resource quantification,
feasibility of regulation and, of course, conservation and reduction of pollution of this
valuable resource should be the future focus. In addition, awareness needs to be raised about
the importance of groundwater, given that an increasing number of countries are facing water
scarcity.

4. CONCLUSION

The COVID-19 pandemic has emphasized the importance of sanitary conditions and
adequate drinking water. Given that the SARS-CoV-2 virus reaches wastewater through
human excretions and that such wastewater might come in contact with surface water and
groundwater, there is a high risk of waterborne transmission. This aspect has not been
examined in detail, but in view of the high risk comprehensive investigations should begin as
soon as possible.

The water sector, like other sectors, has been affected by the COVID-19 pandemic. The
paper presented several responses of this sector (under the auspices of the IFC/World Bank
Group) to the current emergency situation, from both technical and customer relations
perspectives. Adverse effects of the pandemic on the water sector include shrinkage of water
utility revenues, hindrance of ongoing investigations and infrastructure expansion, and the
like. On the other hand, there have been some positive effects, such as a decrease in water
demand, particularly of the industrial sector, which has in turn reduced industrial wastewater
discharges. The pandemic has shown that the water sector must operate efficiently in
emergencies. It has also highlighted potential shortfalls and possible aspects of more efficient
use of water, as well as innovation in the water sector.

It has become clear that the COVID-19 pandemic is the longest and possibly worst
pandemic that has befallen humankind. In addition to its impact on human health, the
pandemic has virtually halted human day-to-day activities. Temporary suspension of
industrial, agricultural and other essential activities has had a major impact on the economy.
However, there are also some positive effects of the COVID-19 pandemic. For example, there
has been a substantial decrease in harmful gas emissions and quantities of solid waste and
wastewater, resulting in improved environmental conditions. There are reports of groundwater
quality improvement in some parts of India. Given that the situation is now beginning to
stabilize and as the world slowly returns to normal, strategies need to be developed to avoid
similar scenarios in the future or at least minimize their impact.
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ABSTRACT

In order to better understand the business of companies in Serbia during the COVID-19 pandemic,
ISO-Standard 45001: 2018 requires a detailed analysis. The paper presents an assessment of the
impact of the consequences of COVID-19 on business using the AHP and PROMETHEE methods.
Analysis of the condition of employees during COVID-19, provides an opportunity to see the socio-
economic consequences of companies. The author's task is to choose a sustainable business model
during the COVID-19 pandemic. The results of the research provide a picture of business models that
can survive during the emergency measures caused by the COVID - 19 pandemic prescribed by the
Government of the Republic of Serbia.
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1. INTRODUCTION

The assessment of the impact of the consequences caused by the COVID-19 pandemic on
the operations of companies in Serbia is a requirement of the ISO 45001: 2018 standard. ISO
45001 is the new ISO standard for health and safety at work (OH&S). It is aimed at the top
management of the company, which aims to provide a safe and healthy business environment
for employees and customers. The requirement of the 1SO standard is a constant analysis of
employees' operations. The company's managers also need an assessment of the state of
business during the pandemic caused by COVID-19.

COVID-19 is a virus of world proportions because it has spread to a large number of
countries. With his appearance, it was declared a "public health emergency at the global
level" (PHEIC). The coronavirus pandemic has a direct impact on public health (Paul &
Chowdhury 2020). In addition to the impact on public health, the coronavirus disease 2019
caused a great economic shock everywhere in the world. For example, the COVID-19
pandemic has affected supply chains and their environmental performance, and economically
sustainable growth (Chowdhury & Paul, 2020; Khan et al., 2019; Suhi et al. 2019; Paul et al.
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2019; Khan et al., 2020; Moktadir et al. 2020). Many authors have conducted research on the
impact of the consequences caused by COVID-19 on the business of companies.

For example. authors Bartik and his collaborators investigated the impact of COVID-19 on
small and medium-sized enterprises in the United States (Bartika, et al., 2020); Impact of the
pandemic caused by COVID-19, an analysis of the behavior of companies and consumers was
performed (Donthu & Gustafsson 2020); Impact in the food and beverage industry from the
consequences caused by COVID-19 (Chowdhury T. et al., 2020).

The Decree on Measures for the Prevention and Control of Infectious Diseases COVID-19
was published in the "Official Gazette of the RS", No. 151/2020. The regulation shows and
determines all appropriate measures for overcoming infectious diseases and the manner of
implementation of all measures for the protection of employees.

The spread of the pandemic caused by COVID-19, the business of companies is leading to
uncertainty in Serbia. Covid -19 poses a growing threat to the economy and investments
around the world. Today's modern business poses a serious global economic threat as a whole
with the spread of the Corona virus pandemic. As the current situation requires, we see how
company managers implement all measures prescribed by the Government of the Republic of
Serbia, to protect employees and mitigate financial danger.

Taking into account the situation with COVID-19, the paper evaluates the impact of the
consequences of the pandemic COVIDA - 19 companies in order to choose a sustainable
business model. Because it is an estimation problem and appears to be a suitable AHP method
(Analytical Hierarch Process) (Saaty, 1980) for evaluating the criterion. The PROMETEE
method (Preference Ranking Organization Method for Enrichment Evaluation) was used to
assess and select the most favorable alternative (Brans, et al., 1986; Benoit & Rousseaux,
2003). Each impact factor needs to be considered and the most favorable one to do business
during a pandemic. The analysis was done using Super Decision (AHP) and Visual
PROMETHEE (PROMETHEE) software.

AHP and PROMETEE methods belong to multi-criterion decision-making (MCDM)
methods. The literature shows that due to the rapid development of operational research, there
are many different MCDM methods such as: PROMETHEE (Brans & Vincke, 1985),
ELECTRE (Roy, 1968), AHP (Saaty, 1977; Saaty 1980), TOPSIS (Hwang & Yoon, 1981). ),
VIKOR (Opricovié, 1998) and others.

Recently, new MCDM methods have appeared, such as: SVARA method Kersuliene,
2010), FARE (Ginevicius, 2011), MULTIMOORA (Brauers & Zavadskas, 2010), MUSA,
(Grigoroudis & Siskos, 2002), EDAS method, 2015) and others.

In a number of studies, MCDM methods have been successfully used for the purpose of:
Assessing progress towards the goals of the Europe 2020 strategy using the MULTIMOOR
method (Fedayev 2020), Assessment and selection of staff (Yal¢in & Yapici Pehlivan 2019);
Bogdanovi¢ & Mileti¢, 2014); selection of the optimal method of remediation of degraded
areas (Bogdanovi¢ et. al., 2014); assessment of organizational culture (Mileti¢ et.al., 2020)
and others.

2. MATERIAL AND METHODS

In order for managers to have an approximate business situation during the COVID-19
pandemic in the coming period, an assessment of the impact of the consequences on the
choice of a sustainable model was given. The results of the research are possible sustainable
models that would serve other companies as a model for overcoming the socio-economic
crisis during the pandemic COVID - 19. Sustainable models would meet the requirements of
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the 1SO 45001: 2008 standard, and provide managers and stakeholders with information and
guidelines for further successful business.

Stakeholders can get the following information: managers on profit and sustainable
business, employees on earnings and survival at work, suppliers on sustainable cooperation,
customers on quality and sustainable price of products, community on sustainable
environment, owners on profit and survival of the company (Mileti¢ et al., 2015). The goal of
all stakeholders is to mitigate the economic and social consequences of the pandemic caused
by COVID - 19. Given the continued spread of the COVID-19 pandemic, it is important that
society as a whole take action to prevent further transmission of the disease, as well as to
support control measures (Bender, 2020).

The pandemic caused by COVID -19 has caused consequences that cause employees
reduced work capacity, weakening of concentration, which leads to a reduction in business
volume and job loss, which means a massive socio - economic crisis (Mileti¢ & Stanojevié
Simsi¢, 2020).

Business alternatives caused by the consequences caused by the COVID-19 pandemic are:

Alternative Al- Mass layoffs and company closures. Company closures in the United
States were 43% and active employment fell to 39%. A special and sharp decline was in the
Mid-Atlantic region, including New York, where 54% of employment fell and 47% of
companies closed (Bartika, et a., 2020). This is just one example of many. Everywhere in the
world, the pandemic caused by COVID-19 led to the closure and dismissal of workers.
Tourist, catering companies, airlines and food processing companies suffered the most.
COVID-19 has significantly influenced education, scientific organizations, fashion, clothing
and other retail sectors.

Alternative A2- Risk of permanent closure of the company due to long-term crisis -
financial collapse. This alternative plays a central role in the company’s strategy during the
COVID-19 pandemic. Managers' expectations were that companies would open more than
they closed. The crisis has been going on for more than a year and there is still great
uncertainty as to when it will end. Thus, uncertainty causes the company to close
permanently. 50% of respondents in the Middle States thought that the crisis would last until
mid-June, but the crisis has lasted and still lasts (Bartika, et al., 2020). Many companies made
the wrong forecast about the ongoing crisis and experienced a financial collapse because they
had small stocks of cash. In two weeks, the cash of the stock for the necessary expenses was
used up. The companies were optimistic that they would remain open until the end of the
year. The evolution of the crisis allows managers to believe and expect the call for a pandemic
decision.

Alternative A3- The survival of the company.

Due to the consequences of the COVID-19 pandemic, companies are losing markets,
reducing the processes of products and services. Managers make fact-based decisions for the
company's survival. They take some of the following measures: downsizing, which means
reducing the workforce, reducing the volume of work, abolishing certain departments and
retraining employees.

Alternative A4- Work of companies with a stimulus package provided by the state
(minimum work with state social assistance). Many companies took advantage of stimulus
packages prescribed by the Government of the Republic of Serbia during the COVID-19
pandemic. Analysis of medium-sized companies shows that over 70% of respondents
expected to use the assistance program offered by the Government that looks like a salary
(Bartika, et al., 2020). Most business owners have taken out loans in the form of loans to
ensure the company's liquidity. Company liquidity is important for owners. Such financing
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also affected other jobs and qualities of managers, such as the survival of the company and the
dismissal of employees.

All previous alternatives need to be considered and assessed which is viable for the
company’s business while the state of uncertainty persists. The evaluation of alternatives is
performed using the PROMETHEE method and the criterion by AHP analysis. As a result, a
mutual assessment of the criterion and an assessment of each criterion individually with each
alternative is necessary. By assessing the criterion and alternatives, we obtain possible
sustainable business models during the pandemic caused by COVID-19.

The hierarchy of solutions to this problem has three levels:

1. LEVEL I - the goal is to assess and select the most favorable business alternative during
a pandemic caused by COVID-19.

2. LEVEL Il evaluation of criterion, and

3. LEVEL I1I assessment of alternatives.

The criterion that has an impact on the choice of the best alternative for the company's
operations are determined on the basis of the analysis of the consequences of the employees
caused by COVID 19 (Table 1).

Tablel. The criterion
The Operation Connotation
criterion

Digital The impact of digital business is very important
technology for companies and many authors call it industrial
revolution (Degrise, 2016; Tihinen, livari, et al.,
2016). Digital technologies bring a new era of
business, the digital age. The digital age has been
identified as one of the most important trends
changing current business (Tihinen, et al., 2016)
and especially during the COVID-19 pandemic.
The analysis of employees in one scientific
organization shows that 49.9% could do
housework with the help of digital technology,
34.8% depending on the job and only 16.3% did
work in the organization (Mileti¢ and Stanojevic,
Simsi¢, 2020) .

Increased Operating costs during the COVID-19 pandemic
costs may increase depending on the increase in taxes
and contributions for employees, duties and taxes
paid by the company.

Reduced During the COVID-19 pandemic, a large number
consumption | of employees at many companies did their work
from home. Thus, the consumption of electricity
and water has been reduced.

Reduced The offer for services and sales to users during the
offer of | COVID-19 pandemic was reduced due to special
services and | measures of the Government of the Republic of
sales Serbia (movement prohibited, etc.).

Reduced Due to the weak purchasing power of consumers
revenue of products and services, the price of products and
Cs services decreases. Reducing the demand for a
product and service reduces the price and thus the
profit. Example of services: The International AIR

C

C,

Cs

Cq
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Transport Association estimates that the pandemic
cost global air transport between $ 63 billion and $
113 billion in 2020 alone, which means that
revenue has decreased so much (Segal and
Gerstel, 2020). Product example: The price of
crude oil has fallen by about 70% since the
beginning of the year due to the price war and
declining demand.
https://www.mainstream.rs/uticaj-covid-19-na-
globalnu-ekonomiju-i-kako-cloud-moze-da-

pomogne/
Disturbed The pandemic caused by COVID-19 has brought
Cs supply risks to supply chains because disruption can
chains affect their sustainability (Moktadir et.al., 2018).
Changing The behavior of users (consumers) is changing
user due to poor communication with users. It becomes
C, (consumer) difficult to contract jobs and collect receivables
behavior from customers. Users use little or no digital
technology.

3. AHP-PROMETHEE CONTROL METHOD

Analytical hierarchical process, the AHP method has a strong mathematical basis and was
chosen for a quality economic assessment of the criterion that affect the business of
companies during the COVID-19 pandemic. The process of choosing the most favorable
alternative and determining the criterion is important for making the final decisions of the
manager. The AHP and PROMETHHE process gives us the opportunity to find possible
sustainable business models of companies. Sustainable business models provide guidance to
managers on how and how to overcome the current crisis caused by the COVID - 19
pandemic.

AHP is a decision support system (DSS). Thomas Saaty gave the conceptual and
mathematical setting of the AHP (Saaty, 1980). The AHP process belongs to the class of
methods for soft optimization. This method belongs to the methods of multi-criterion
decision-making and is based on the decomposition of a complex problem into a hierarchy
where both qualitative and quantitative aspects of the problem are included. It consists of a
goal, a criterion, perhaps a sub-criterion and an alternative. The goal is at zero level, the
highest level since you start. The criteria are at the first level and the sub-criteria are below
them. The alternatives offered are on another level, a lower level. The criteria are compared
with each other in pairs in relation to the zero level, the higher level. A further procedure is to
compare each criterion with each alternative in relation to the goal, the lower level.

Authors Saaty, 1986; Harker & Vargas, 1987; and Alphonce, 1997; have defined the
axioms on which the AHM method is based:

Reciprocity which reads: element A if n times more significant than element B, then
element B is 1/n times more significant than element A.

Homogeneity is if the elements are comparable by comparison and significance if not then
there is no effect.

Dependence, if the comparison is lower, it depends on the goal, the higher level.
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The expectation when changing the structure of the hierarchy is normal that there is a re-
prioritization of calculation in the new hierarchy.
The comparison of criteria and alternatives is done with the help of Satie's scale (Table 1).

Tablel. Satie's scale for evaluating the two elements j and k in relation to the target

(32212222123456789)552023200123456789)
S=l3'8 7 65 43 2 3 8 7T 654 3 2

Value ajx Interpretation of results

1 The elements j and k are equally important

3 The element j is somewhat more important than k
5 The element j is more important than k

7 The element j is very important than k

9 The element j is absolutely more important than k
2

4,6,8 Intermediate values between two elements

The results of the comparison criteria placed in the matrix have the following form:
. . o .

W, W, Wy w 1 Wy
Wy Wy wp W, wy W
w, W, W, W, W, w
wi] | = —= |[w; Tz Tz i
“—_. = |w,  wy Wy “—_. = |w, wy Wy
i - | e
Wn o Wp Wn Wno Wn Wn
W= W W W Wy w R (1)

Furthermore, the pairs of alternative A are compared with respect to each criterion, thus
obtaining a comparison matrix A in which the element a;; represents the ratio of the weight
coefficient of alternative Ai in relation to alternative Aj.

1 ayp 1 ayp

. oy . oy
1 1
[ ] — 1 Tt fgy [ ] — 1 Tt fgy
il = | @2 ;] = |2
A= Ty oy - 1 Ry oy o L s (2)

The elements Aj; represent the relationship between the weighting coefficients w; / w;
where w is the weight vector of each alternative.

—wi_ Wi
T e e e e e et e e e e e et e e et s e et e s e 3)
Matrix has a reciprocal properties, which are:
1 1
aji= T L e (4)

After the comparison, the weight coefficients w are calculated, which is calculated on the
basis of the Satie scale in two steps..
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First, a matrix comparing pairs normalize, and then calculate the weight.

A: [a”] FIXIT o ¢ o o @ oo o oo oo oooeoecsasssssssssssassssosssesssistsssssssssssstssssstssssssssstsanssstssstsnsoesssscs .(6)
Normalization is performed as follows:
+ = %ij ¢ = @i
Foreverything j=1,2,..,n.
The weight coefficient is calculated:
w,w,
_ Xl ﬂ':_;,-,; _Xlag
T T
............................................................................. (8)

For everythingj=1, 2, ..., n.

After comparison, the degree of consistency is checked. The degree of consistency has a
value less than 0.1. Otherwise, the values entered in the comparison matrix must be
reconsidered.

In order to calculate the degree of consistency, the consistency index is first calculated
according to the formula:

= [";":'ﬂﬂ.t' - ”’] — [’:‘mnx - 1‘1]
€= /[n— )¢l = /[n— 1)
....................................... )

Amax Tepresents a significant parameter in the AHP method. Amax iS used as a reference
index to display information in consistency degree (CR) calculations. The rule is that the
closer Amax X is to the number n, the lower the consistency will be.

CR is calculated according to the formula:

CI=E—jCI=E

R

RI is a random consistency index taken from Table 2. In Table 2, the first row represents
the row of the matrix, and the second the random indices.

Table 2. Random indices (Saaty, 1980)

1/2 3 |4 /5 |6 |7 |8 |9 |10 11 |12 13 |14 |15
o 0 05 60 11 12 13 14 14 14 15 14 15 15 15
o 0 8 9 2 4 2 1 5 9 1 8 6 7 9

If the degree of consistency (CR) is less than 0.10 the result is correct, in case it is greater
than 0.1 then a re-analysis of the inconsistency is required until we get that the degree of
consistency is less than 0.1.

PROMETHEE is a ranking method for a finite number of alternatives (Brans et al., 1984).
In this method, the appropriate preference function is firstly determined, and then the weight
of coefficients for each criterion is determined. The preference function determines the way in
which a certain alternative is ranked in relation to another and translates the deviation
between two comparative alternatives into a unique parameter that is related to the degree of
preference. The degree of preference represents a growing function of deviation. If the
deviation is small it refers to a weak preference, while otherwise, if the deviation is large it
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represents a strong preference of the alternative. There are six forms of preference functions
(Usual, U-shape; V-shape; Level, Linear, Gaussian), each form depending on two thresholds
of indifference (Q and P). The indifference threshold (Q) represents the largest deviation that
the decision maker considers irrelevant, while the preference threshold (P) represents the
smallest deviation that is considered decisive for the decision maker, where P must not be less
than Q. The Gaussian threshold (s) represents the mean value of the thresholds P and Q,
(Brans, 1982; Brans & Vincke, 1985).

The PROMETHEE method is based on determining the positive flow (® +) and negative
flow (®-) for each alternative according to outranking relations, and in accordance with the
obtained weight coefficients for each criterion. The positive flow of preference expresses how
much a certain alternative dominates in relation to other alternatives, so if the value is higher
(® + — 1) the alternative is more significant.

The negative flow of preference expresses how much a particular alternative is preferred
by other alternatives. The alternative is more significant if the value of the output the flow is
smaller (®- — 0). Complete ranking (PROMETHEE 1I) is based on the calculation of net
flow (@), which represents the difference between positive and negative flow of preference.
The alternative that has the highest net flow value is the best ranked (Anand & Kodali, 2008).

4. AREAL EXAMPLE OF AHYBRID METHOD

The proposed methodology considers the assessment and selection of the most favorable
business alternative in companies during a pandemic caused by COVID-19. Due to the
COVID-19 pandemic, company managers are forced to reduce their business.

Figure2. Schematic representation of the proposed method

Obijective-based data collection:
Determining the alternative
Determining criterion

Considering the decision hierarchy

U

AHP calculation
Deferring the weighting coefficient of the criterion via
AHP
U

PROMETHEE calculation
Determining the preference function and parameters for
the criterion
Partial ranking through partial ranking PROMETHEE |
Complete ranking via PROMETHEE Il

Determining the GAIA plan

1l

Making decisions
Choosing the best alternative

(Bogdanovi¢ & Miletic¢, 2014)
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4.1. Ahp calculation

Based on the hierarchy, the weight coefficients of the criterion are firstly calculated using
the AHP method - Figure 3.

Let A = {Al, A2, A3, A4} be a set of given alternatives and C = {C1, C2, ..., C7} a set of
selection criterion. The decision maker forms an individual matrix of pair comparisons using
a scale (Table 1).

Table 3. Shows a 7x7 comparison matrix to express the empirical assessment of the
decision maker.

The results are given in Figure 4. The figure shows that the most influential criterion is C2
(Increased costs), followed by criterion C3 (Reduced consumption) and criterion C6
(Disturbed supply chains). Other criteria have a significantly smaller impact on the ranking
results of alternatives.

Figure 3. Hierarchy of AHP methods

# Super Dedisions Main Window: Megatrend1.sdmod

File Design Assess/Compare Computations Networks Help

= a3 2 )| = o) ¢ o)

o 1Goal [_[a][x]
Ain_1|
. d
f
/
< ] —
—
[m] 2Criteria 8=
C1 Digital technology I C2 Increased costs C3 Reduced cnnsumptionl
C4 Reduced offer of services and sales C5 Reduced revenue | C6 Disturbed supply chains |
C7 Changing user (consumer) beha\'icrl
< >4

Table 3. Pair comparison matrix
Criterion (o C, C3 C, C5 Ce C,

C, 1 1/3 1/3 1/2 1/2 1/3 1/2
C, 1 1 2 3 1 3
Cs 1 2 3 1 2
C,y 1 1 1 1
Cs 1 1/2 1
Cs 1 1
C, 1

Figure 4. Weight coefficients of the criterion
j 3. Results

Normal — Hybrid —

Inconsistency: 0.01748
C1 0.05981
0.23103
0.21538
0.11715
0.09482
0.17005
0.11175
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4.2. Promethee calculation

Based on the criterion, the evaluation of alternatives is performed and an evaluation matrix
Is formed. In this process, the criterions have a qualitative or uncertain structure that cannot be
precisely determined and measured. Table 4 gives a qualitative scale that has five levels, as
well as the corresponding numerical values for each qualitative assessment.

Table 4. Qualitative scale

Qualitativ Very Low Medium High Very high
e values weak

Numerical 1 2 3 4 5
values

The evaluation of the four alternatives according to the above criterion is shown in Table 5.
Tabela 5. Evaluation matrix
Criterion C; C, C; C, Cs Cs C,

Unit - - - - - mm/t %
Max/min max min min min min min min
Weight 0.0598 0.2310 0.2154 0.1172 0.0948 0.1700 0.1118
coefficient
Function Level | Level | Level | Level | Level | Level | Level
preferences
A 3 5 4 4 4 4 3
A, 3 5 5 4 5 3 3
A 4 4 3 3 3 3 3
A, 4 2 2 3 3 4 3

After forming the evaluation matrix, the evaluation of alternatives is performed using the
Visual PROMETHEE software. Table 6 shows the values of positive (® +), negative (®-) and
net flows (®).

Complete ranking of alternatives was performed using PROMETHEE 11 (Figure 5). The
values of net flows from the last column of Table 6 were used.

Table 6. PROMETHEE preference flows

Alternative o O ()
Al 0,0000 0,0952 -0,0952
A2 0,0000 0,2381 -0,2381
A3 0,0952 0,0476 0,0476
A4 0,2857 0,0000 0,2857

The results show that the best alternative is A4 (operation of companies with a stimulus
package provided by the state), while the others are ranked in the following order: A3
(survival of the company), Al (mass relaxation of workers and closure of the company) and
A2 (Risk of permanent closure due to a prolonged crisis - financial collapse).

The convenience of this software package is reflected in the implementation of the GAIA
plan. Based on the GAIA plan, it is possible to easily determine the discriminatory force of

54



THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE
DEVELOPMENT

each criterion, aspects of consistency and inconsistency as well as the quality of each
alternative by every criterion. The eccentricity of the position of the criterion represents the
strength of the influence of that criterion, while the agreement between the individual
criterions is defined by approximately the same orientation of the axes of those criterions. In
the ranking, the agreement was found between criteria C5, C3 and C2, while the other
criterions are evidently not consistent with the other entire criterion. Also, the position of the
alternative determines its strength or weakness in relation to the criterion.

Figure 5. PROMETHEE Il complete ranking of alternatives

+1.0

0,2857 action4

0,0476 action3
i

-0,0952 I

-0,2381

actionl

action2

-1.0

If it is closer to the direction of the axis of a certain criterion, the alternative itself is better
according to that criterion. Alternative A3 in Figure 6 is the best option, because it is closest
to the direction of the axis of those criterions that have the greatest impact (C3 and C2) and is
closest to the direction of the decision stick pi, which defines the compromise solution
according to the given weighted criterion. In contrast, alternative A2 is the worst option
because it is located opposite the direction of the decision rod pi.

Figure 6. GAIA plan

v Zoom: 100%

criterion5
[ action

criterion3

action1 [
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action4 [
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5. CONCLUSION

This paper provides an assessment of the impact of the consequences of COVID-19 on the
business of companies. Assessing and selecting the optimal sustainable business model is one
of the most important decisions during a pandemic. Choosing an appropriate sustainable
business model requires consideration of a number of criteria. An integrated AHP and
PROMETHEE method was applied in the proposed approach to assess and select a
sustainable business model during a COVID-19 pandemic. In this example, AHP is used to
determine the weighting coefficients of the criterion. The PROMETHHE method is applied
for complete ranking of alternatives where it uses weights obtained by the AHP method that
have a low degree of subjectivity. PROMETHEE uses the preference function of each
criterion. PROMETHEE | give partial ranking while PROMETHE Il provides full ranking.
The GALA plan provides an opportunity to determine the discriminatory force of each
criterion, aspects of agreement and disagreement. Based on the Gala Plan, the quality of each
alternative is determined according to each criterion.

Based on the obtained results of alternatives A3, the survival of the company is the best
option. Alternative A3 is closest to the direction of the axis of those criterions that have the
greatest impact C3 (reduced consumption) and C2 (increased costs). A3 is the closest in the
direction of the decision stick pi, because it defines a compromise solution in accordance with
the given weighted criterion. While alternative A2 (risk of permanent closure of the company
due to a long-term crisis - financial collapse) is the worst option because it is located opposite
to the direction of the decision stick pi.

The proposed model was applied to the problem of assessing and selecting sustainable
business models of companies during the emergency measures caused by the COVID-19
pandemic adopted by the Government of the Republic of Serbia.
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ABSTRACT

The Republic of Serbia does not have enough resources to satisfy its needs for energy. Thus, its
energy security must be ensured by the energy imports. The starting hypothesis is that the disruptions
in the functioning of the world energy market provoked by the COVID 19 pandemic, revealed the
necessity for diversification of energy production. In a crisis situation, excessive reliance on imports is
a big threat to macroeconomic stability. The aim of this paper is to show that in the long run the
stability of the national energy system calls for the policy of energy imports substitution with domestic
renewable energy sources.

KEYWORDS
energy security, COVID 19 pandemic, energy imports, Republic of Serbia

1. INTRODUCTION

With the outbreak and spread of the COVID 19 pandemic, a modern security system that
puts collective security at the forefront has been threatened. The plague of international
proportions caused by the pandemic has shown that in crisis situations, even the most
developed countries are primarily guided by their own interests, due to which they put
collective security in the background. In such a situation, international economic cooperation
has been jeopardized.

One of the foundations of collective security in the world is energy security. The pandemic
has brought into focus the risks posed by energy supply interruptions and the cascading
impact on other systems. Economic survival and especially development in the world are
conditioned by the necessary amount of limited natural resources. In other words, economic
development is not possible without a stable energy supply (Pordevi¢, 2017). In the
conditions of the COVID 19 pandemic, the countries importing energy products are even
more vitally interested in long-term stability in supply. As pointed out by the Economic and
Social Council of the United Nations (ESCAP, 2021), “the coronavirus disease, COVID-19
pandemic, has raised awareness about the critical role the energy system, and particularly the
electricity supply, plays in sustaining health care, information and communications
technology, the water supply, logistics, education and other sectors that are critical to the
overall functioning of societies and economies.”
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2. EMERGING CONCERNS AND EXTERNAL THREATS TO ENERGY
SYSTEM OF THE REPUBLIC OF SERBIA

In the context of a new reality posed by the COVID 19 pandemic, emerging concerns and
external threats to the energy system of the Republic of Serbia must be considered. Reliance
on the imports of oil and natural gas remains the biggest threat, because of the potential for
the exporting countries to make unilateral policy decisions to restrict supplies and to influence
the changes in energy prices. Moreover, the growth of the clean energy sector based on
renewable energy sources is also dependent upon the supply of critical raw materials. In a
situation burdened with uncertainties and unreliability in planning, new geoeconomic
dependencies could be expected to emerge.

2.1. Geoeconomic dependencies in energy sector

Fossil fuels are non-renewable energy sources. Due to their centuries-long exploitation, the
world's reserves of these energy sources are not only limited but to a large extent already
depleted. Technological discoveries have conditioned the necessity of fast exploitation of
fossil fuels on which the survival of individuals, states and the entire world community
depends. Intensive growth of the world population records a constant increase in energy
consumption per capita. In the twentieth century alone, the population increased by 3.7 times
while the final energy consumption worldwide increased by 30 times (Strategija razvoja
energetike Republike Srbije, 2014).

Possession of energy, as well as its consumption, directly affect the geoeconomic and
geopolitical positioning of countries. Those who own and distribute energy products are in a
position to form their price on the world market, gaining economic and political supremacy.
Thus, energy plays an unavoidable role in modern international relations, shaping global and
national geoeconomic strategies (Babi¢, 2009). Considering the unclear demarcation between
geopolitics and geoeconomics, especially in the creation of political and economic goals,
energy remains an unavoidable factor of geopolitical interests (Dedanski, Ljubojevi¢, 2019).

Energy guarantees the sustainability of economic development. From renewable energy
sources such as solar, wind, water to non-renewable energy sources such as fossil fuels,
whose resources are limited, energy has been and remains the economic flywheel of every
society. The costs of production of all industrial products with no exception include the
consumed energy. Thus, the price of energy is an important factor in modern economic
relations, since not only the costs of production but also the profits of companies in the energy
sector and their investments depend on its height.

Fossil fuels dominate energy consumption in the world. According to the data for 2018, the
share of fossil fuels in the total world energy consumption is 85%, with the share of oil being
34%, the share of coal 27% and natural gas 24%. Among other energy sources, the share of
hydropower is 7%, the share of nuclear energy is 4%, while the share of all other types of
energy from renewable sources is only 4% (Prorokovié¢, 2020). Excessive use of coal and oil
has led to the depletion of their reserves, producing negative environmental consequences.
That is why national economies are increasingly oriented towards the use of natural gas.
Although it is a fossil fuel, this non-renewable resource belongs to the so-called. clean energy.
In addition to environmentally friendly characteristics, this energy source is relatively
economical due to relatively low transport costs, because its transport is performed
exclusively by gas pipelines. “Due to that, the gas pipeline routes have an extremely
important geoeconomic and geopolitical significance both for the exporting countries and for
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the countries importing natural gas. In addition to natural gas, the long-term environmental
and thus energy policy of the states requires that their national economies increasingly
reorient to the so-called green energy from renewable sources, primarily solar energy, wind
energy and geothermal energy. However, despite efforts to accelerate the implementation of
new environmental standards, the share of coal and oil use is still very high. For reasons of
cost-effectiveness and economy, the transition to more environmentally friendly energy
sources is a long-term process, and fossil fuels remain the most important energy source in
every respect, with the largest share in consumption” (Prorokovié, 2020).

The fact is that the world market price of oil and natural gas - fossil fuels participating in
energy imports of the Republic of Serbia - is formed in relation to its demand but also to its
supply. During 2020, in the conditions of the COVID 19 pandemic, the world supply of those
two fossil fuels experienced unprecedented volatility.

The level of oil production reached an all-time high in 2019, at around 95 million barrels
per day. However, the coronavirus pandemic and its impact on transportation fuel demand led
to a notable decline in oil production. Namely, global oil production dropped to 88.4 million
barrels per day in 2020 (Statista, 2021). Lower demand affected the world oil market prices.
This could be shown by the example of OPEC crude oil prices. The Organization of the
Petroleum Exporting Countries (OPEC) participates with 25% in global crude oil production.
OPEC was established in Baghdad, Irag in 1960, whose primary task has been to form the
price of oil and preserve its market stability. OPEC is a permanent, intergovernmental
organization, today consisting of fourteen member states: Algeria, Angola, Ecuador,
Equatorial Guinea, Gabon, Iraq, Iran, Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, the United
Arab Emirates and Venezuela. According to its Statute, its main goal is “to coordinate and
harmonize the oil policy of member countries and ensure the stability of the oil market to
ensure efficient, economical and regular delivery to consumers, stable income to producers
and adequate profits for those investing in the oil industry” (OPEC, 2021). However, in the
situation of the COVID 19 pandemic, these goals were threatened because lower demand for
oil affected crude oil prices. While the price of a barrel of OPEC crude oil was 68.89 US
dollars on December 30™, 2019, it dropped to 12.41 US dollars on April 28, 2020, and started
to grow again afterward, reaching only 51.35 US dollars on January 4™, 2021 (Statista, 2021).
Since the world is still coping with the pandemic, it is not possible to predict with certainty
that the stability of oil prices will be reached on the world market in the near future.

COVID 19 pandemic affected also the production and market prices of natural gas. In
2019, global natural gas production reached a peak of four trillion cubic meters while in 2020,
it dropped to some 3.85 trillion cubic meters (Statista, 2021). While in December 2019, the
world market price of a cubic meter of natural gas was 2.22 US dollars, in march 2021, it
dropped to 1.74 US dollars. Then, the price of natural gas started to grow, reaching 2.47 US
dollars in December 2020 (MacroTrends, 2021). Since the world supply of natural gas is less
price elastic than the world supply of oil, the share of natural gas in world fossil fuel supply is
expected to increase in the future.

According to the data of the International Energy Agency released in 2017 (IEA, 2017),
primary energy consumption was supposed to increase by 40% worldwide by 2025, compared
to 2005. These estimates have influenced the strategic planning of long-term energy
investments in the world, basically in the direction of the transformation of national energy
systems from the use of non-renewable sources to renewable ones. However, as explained by
International Energy Agency in 2021 (IEA, 2021), one of the consequences of the COVID 19
pandemic was a sharp drop in energy consumption in 2020. Namely, due to national
lockdown measures, global fossil fuel demand was 57% lower in 2020 than in 2019. Thus the
energy investments had fallen by one-fifth in 2020 compared to 2019, mostly because of the
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decline in revenues due to lower energy demand and prices, as well as more uncertain
expectations for these factors in the years ahead. That is the reason why, despite the need for
transforming national energy systems in the direction of larger use of renewable sources,
modern technological solutions still have to rely on fossil fuels. This is true for most countries
in the world, among which is the Republic of Serbia, too.

2.2. Primary energy needs of the Republic of Serbia

The production of the energy sector of the Republic of Serbia is classified into several
groups of energy sources. The most common are fossil fuels, primarily conventional fuels: oil,
natural gas and coal. Oil shales are unconventional fuels and their presence is still negligible,
as is the presence of renewable energy sources. Satisfactory energy supply, as well as reliable
distribution, are the basic precondition for social and economic development. The total energy
dependence of the Republic of Serbia on primary energy imports in 2010 amounted to 33.5%
and in 2019 it reached 35,9%, which is still less than in most European Union countries
(Dedanski, Ljubojevi¢. 2019). What is expected in the future is an increase in primary energy
consumption in the industrial sector, leading to the new relative growth of energy imports.

The availability of economically viable mineral deposits plays an extremely important role
in the economy of the Republic of Serbia. Their exploitation provides energy sources and raw
materials for the production of material goods. Geological research and discovery of new
deposits of coal and deposits of liquid and gaseous fossil fuels expand the possibilities of
mining and oil and gas production, which directly affects the expansion of the material basis
for economic growth and development of the national economy (Gnjatovi¢, Lekovi¢, 2019).

Observed from the point of view of the economics of exploitation, the division of the
explored reserves of mineral resources into proven reserves and probable reserves has been
established. Proven reserves are determined as explored masses of mineral resources in the
deposit that can be exploited and processed in an efficient way with existing techniques and
technologies. Probable reserves are explored reserves of mineral raw materials in the deposit
whose exploitation by existing techniques and technologies would not be economical. The
following is a brief overview of the availability of the most significant explored geological
reserves of fossil fuels in the Republic of Serbia, as presented in the Energy Development
Strategy of the Republic of Serbia until 2025 (Strategija razvoja energetike Republike Srbije
do 2025.godine, 2014).

Fossil fuels: coal, oil and natural gas as energy sources have a strategically important role
in the economy of the Republic of Serbia. If we look at the total geological reserves of fossil
fuels, oil and gas reserves make up 1% of geological proven and probable reserves of a high
degree of exploration, while the remaining 99% of energy reserves are various types of coal.
In proven reserves of coal, 95% refers to lignite. The total geological reserves of coal amount
to 4.6 billion tons and represent a realistic basis for long-term energy development in general,
and especially for electricity production in the Republic of Serbia (Gnjatovi¢, Lekovié, 2019).

It has to be mentioned that about 76% of the total proven reserves of coal are located in the
deposits of the Kosovo-Metohija basin, and about 24% in the narrower area of Serbia, mostly
in the deposits of the Kolubara and Kostolac basins. Coal from the Kolubara and Kostolac
basins provides about 70% of the country's electricity production. Of that, coal from the
mining basin Kolubara enables the production of about 53% of electricity, and coal from the
Kostolac mine provides about 17% of electricity production (Elektroprivreda Srbije, 2018).

Oil and natural gas reserves that are exploited in the Republic of Serbia are located on the
territory of AP Vojvodina, in Banat and Backa. The main problem of their exploitation is that
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the reserves that have been explored and determined have been significantly depleted. The
remaining proven oil reserves amount to about 10.5 million tons. The Strategy of Mineral
Resources Management of the Republic of Serbia (Strategija upravljanja mineralnim
resursima Republike Srbije, 2012) states that in 2010 the level of utilization of oil deposits
was reached at about 80%. When it comes to natural gas, the remaining proven reserves
amount to about 4.35 billion m3. The mentioned Strategy states that these reserves are
"relatively small in volume and of low exploitable quality".

Since the reserves of crude oil and natural gas, as quality energy sources, amount to less
than 1% of fossil fuel reserves of the Republic of Serbia, the energy system of the Republic of
Serbia must primarily rely on the production of coal. Taking into consideration all lignite
reserves, both in narrower Serbia and in the Autonomous Province of Kosovo and Metohija,
and according to available geological estimates, it has been determined that there are 8.88
billion tons of lignite reserves in the Republic of Serbia. Based on the projected consumption
of coal, the reserves of the Republic of Serbia can meet the needs of the next 80 years
(Mitrovi¢, Milosavljevi¢, 2011).

In addition to the above, unconventional fuels should also be mentioned. Geological
research has shown that the Republic of Serbia also has natural reserves of oil shale, whose
reserves are estimated at 4.8 billion tons. However, oil shale reserves are treated as probable
ones, considering that the processing technology is not specified in the technical conditions of
exploitation because obstacles in the field of environmental protection are defined. Nuclear
reserves are estimated at about 9.2 million tons of uranium ore and as such are classified as
probable reserves. The uranium reserves are not negligible. However, it is necessary to define
future exploitation technology due to possible limitations in the field of human protection
(Parezanovi¢, 2014).

The Republic of Serbia meets its needs for primary energy basically with fossil fuels.
Fossil fuels participate with 85% in total primary energy consumption, where the share of coal
amounts to 45%, the share of oil amounts to 27.4% and the share of natural gas amounts to
the remaining 12.6%. The Republic of Serbia produces 64.1% of the required primary energy,
while 35.9% has been provided by imports. Domestic primary energy production includes the
exploitation of domestic resources of coal, crude oil, natural gas and renewable energy
sources (hydro potential, geothermal energy, wind energy, solar energy, biogas, biomass). In
the structure of primary energy production, coal participates with 68.5%, oil with 8.0%,
natural gas with 3.1%, hydro potential with 7.2%, biomass with 11.8%, while geothermal
energy, solar energy, wind energy and biogas account for 1.4%. Crude oil and oil derivatives
have the largest share in imports of 60%, followed by natural gas 25%, coal 8%, electricity
6.6% and biomass less than 1%. (Energetski bilans Republike Srbije za 2021. godinu, 2020).
It can be concluded that the main primary energy source produced and consumed in the
Republic of Serbia is coal while main imported sources are oil and gas. Thus, the energy
sector of the Republic of Serbia depends primarily on the production and imports of non-
renewable fossil fuels.

2.3. Energy security of the Republic of Serbia

When we consider the energy security of the Republic of Serbia, we have to bear in mind
that energy consumption is not only based on domestic production but depends heavily on
imported primary energy sources. Thus we can say with certainty that primary energy imports
are extremely important for the survival of the economy and the development of society as a
whole. That is why planning sufficient quantities of the production and imports of energy
products is of strategic importance. Otherwise, without strategic planning, by neglecting the
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energy sector, the population and the economy as a whole would be faced with harsh
consequences (Parezamovic, 2014).

In 2015, the National Assembly of the Republic of Serbia adopted the Energy
Development Strategy until 2025, with projections until 2030 (Strategija razvoja energetike
Republike Srbije do 2025. godine, 2014). According to that Strategy, the development of the
economy of the Republic of Serbia should be based on more efficient use of relatively clean
energy, which is in line with the recommendations of the European Commission (European
Commission, 2021). In addition, the implementation of the Strategy envisages regular
availability of various energy sources, having in mind the strategic importance of the
diversification of producers and distributors of energy products. It is important to note that the
Strategy assumes that, in the long run, the economy of the Republic of Serbia will be based on
the highest standards of modern technology, which will reduce energy intensity per unit of
gross domestic product. Primary energy sources will continue to be the basis for planning the
economic development of the Republic of Serbia. It is necessary to observe the time factor in
terms of the development of the energy sector, taking into account the available energy
potential and modern technological solutions.

A special request, which the whole world and thus the Republic of Serbia is facing, too, is
the reduction of negative consequences of energy consumption that directly affect the
environment. Therefore, the mentioned Strategy envisages the introduction of modern
technological processes with a high degree of energy efficiency. Today, energy is considered
a commodity that is affected by supply and demand, thus forming a price on the world
market. Supply and demand are conditioned by various factors, especially the terms of
delivery that depend on international developments and relations. The price of energy also
includes external costs, such as, for example, transition fees and technological adjustments.
Since the Republic of Serbia depends to a large extent on the imports of primary energy, it is
of vital importance to have foreign producers and distributors of imported energy well
diversified.

The sustainability of the energy sector is, in fact, impossible to realize without adequate
institutional solutions, for which the crisis management of the political elite is responsible,
whose task is to detect possible upcoming crises in time (MilaSinovi¢ et al., 2012). The
increase in energy efficiency levels is observed especially from the point of view of
environmental safety. Of great importance are the legal regulations that would encourage
producers, distributors and users to apply modern technologies, which affect the sustainability
of the optimal level of ecology. In addition to the above, it is necessary to harmonize the
development of the energy sector with the social and material standard of citizens. Sudden
changes, no matter how advanced, could disrupt the energy market, which would produce
social consequences for most citizens of the Republic of Serbia (Oci¢, 2014).

The need to reduce dependence on fossil fuels in total energy consumption, urging the
allocation of substantial investments in scientific research and specific projects regarding
renewable energy, will bring results only in the long run. In the short run, the only realistic
approach to the question regarding the diversification of energy sources for consumption in
the Republic of Serbia is to enlarge, in relative proportions, the use of oil and natural gas at
the expense of the use of coal. In light of the growing needs of industry for primary energy,
with excessive reliance on coal which pollutes the human environment to the worst, it is
realistic to expect that the logical reorientation would be in the direction of larger use of oil
and particularly natural gas. In that respect, significant dependence on energy imports requires
safe and regular pipeline transport.
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The transport of oil to the Republic of Serbia is performed by an oil pipeline that stretches
along the route from the Danube River on the border with the Republic of Croatia to Pancevo,
in a total length of 154.4 km. The associated infrastructure of the oil pipeline consists of a
terminal in Novi Sad with four crude oil tanks of 10,000 m® each, a dispatch center and a
pumping station, then a measuring station in Pancevo and eight block stations along the
pipeline route (Transnafta, 2021). In addition to transport, the storage of oil and its derivatives
plays a significant role. The storage of required reserves of oil and oil derivatives is regulated
by the European Union Directive from 2009 (European Commission, 2017). Member states
and candidate countries for EU membership have been obliged to harmonize their national
legislation with the mentioned EU directive in order to ensure a secure supply of oil and its
derivatives (Ljubojevi¢, 2014). The largest reservoirs of oil and oil derivatives in the Republic
of Serbia are owned by the companies NIS and Transnafta.

Until 2021, the Republic of Serbia could receive imported gas only from the direction of
Hungary. Due to that, there was a constant threat of endangering energy security due to
potential supply problems that would occur in the event of disruptions in that direction. The
construction of a gas connection to the so-called Turkish stream that runs through the
Republic of Serbia from the Bulgarian border near Zajecar in the east, to Horgo$§ near
Hungary in the north, and the commissioning of this new gas pipeline in 2021, provided gas
supply from two directions. The section of the Turkish Stream gas pipeline that passes
through Serbia was built by the joint efforts of the Russian Federation and the Republic of
Serbia, through the mixed company Gastrans. In this company, 51% is owned by the Russian
state-owned company Gazprom, and 49% by the domestic public company Srbijagas. The
length of the pipeline is 402 km (Gastrans, 2021). Thanks to the gas connection to the Turkish
Stream, the possibility has been created for the Republic of Serbia to become a transit country
for gas delivery to Montenegro and Bosnia and Herzegovina, as well as the possibility for the
southern and eastern parts of the country to be connected to gas (Dedanski, Ljubojevic, 2019).

In the condition of the COVID 19 pandemic, new strategic directions in energy security
planning and investments should be taken into consideration. Namely, it would be of great
importance if the economy of the Republic of Serbia could become less dependent on primary
energy imports. The volatility of production and prices of imported fossil fuels as a result of
interruptions in the functioning of the global energy market in 2020 has pointed out the
difficulties in the realization of national energy supply plans. Those difficulties might also
emerge in the coming years since it is not clear how long the coronavirus disease would
endure in the future and how severe it would be.

Two directions in the investments for enlarging primary energy production in the Republic
of Serbia should be taken into consideration. First, if we take into account that domestic
production will continue to be primarily based on the exploitation of coal, the investments in
new technologies for coal exploitation in line with the demands for cleaner energy should be
made. Second, the investments in renewable sources should be structured in such a manner
that priorities should depend on relative costs of the implementation of ecological standards in
building their infrastructure. Such strategic directions in energy security planning and
investments are in line with research in the field of theoretical possibilities and reality in the
rational use of energy sources. This research is going in two directions. “Firstly, in the
direction of prolonging the life of possible use of non-renewable energy sources and,
secondly, in the direction of reorientation to renewable energy sources and technological
procedures that minimally affect air pollution and the human environment as a whole.
Therefore, it is necessary to ensure continuous growth of energy production in accordance
with the growth of industrial production and social standards, while finding suitable
technological procedures for the rational use of renewable energy sources and improving the
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use of non-renewable energy sources in plants with so-called. low-waste technologies, with
the least harmful impact on the environment” (Milovanovi¢ et al., 2018).

3. CONCLUSION

The Republic of Serbia meets the needs for energy with 64.1% from domestic production
and 35.9% from imports. The main energy sources used are conventional fossil fuels: coal, oil
and gas. The needs for coal are met almost entirely by domestic production, while at the same
time there is a high dependence on imports of oil and natural gas. As much as 80% of the
needs for oil and 84% of the needs for natural gas are met from imports. Bearing in mind that
natural gas is considered to belong to “clean” energy, although it is a fossil fuel, in the coming
period it would be environmentally acceptable for Serbia to increasingly rely on natural gas
imports at the expense of oil imports. This primary energy import policy is favored by the fact
that by building a connection to the so-called Turkish stream the supply of natural gas is
available from more than one direction.

In the short run, it is vital for the energy security of the Republic of Serbia to diversify and
enlarge its domestic energy production. Especially in the condition of crisis, relying heavily
on energy imports is risky. Any disturbance on the world energy market that affects foreign
energy producers and distributors automatically spills over to the Republic of Serbia. Such a
disturbance, manifested by strong energy price volatility, has occurred during 2020 under the
influence of the crisis caused by the COVID 19 pandemic. Fluctuations in energy prices affect
negatively the macroeconomic stability of the national economy because energy is part of the
cost of production of all products and services.

In the long run, maintaining the energy security of the Republic of Serbia will depend on
success in greater reliance on its own energy sources, i.e. on reducing the import dependence
of the energy sector. In addition to coal, which is a non-renewable energy source, the energy
system should increasingly rely on renewable energy sources: solar energy, wind energy and
geothermal energy. The speed and flow of substitution of oil and gas imports by domestic
renewable energy sources will depend primarily on the estimated costs and benefits of this
substitution. Namely, the reorientation to renewable energy sources is possible only with high
investments in the necessary infrastructure: solar panels, wind generators, wells and
geothermal water pools.
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INTRODUCTION

The paper conducted research related to the analysis of basic macroeconomic indicators for
the time under the pandemic COVID-19, which were significantly changed compared to the
pre-COVID-19 period. Trends of these basic macroeconomic indicators in many analyzes
during the pandemic were neglected due to the need to implement various governmental
interventionist measures to prevent the negative economic outlooks due to the COVID-19
pandemic. The pandemic has affected changes in the international commodity and financial
markets. These changes are visible in the movements of the most important indices of major
financial markets, which are also conditioned by the change in the "appetite” of individual and
corporate investors in the structuring of their investment portfolios. Following the
developments in international markets, investors are adjusting the structure of their portfolios,
in which the share of some hitherto alternative forms of financial assets is increasing, such as
trading in precious metals, primarily gold and silver. Analyzing the structure of current
investment portfolios and investing in real assets, it has proven to be an investment in a safe
financial asset or the so-called "escape to safety", ie. investing in gold as a safe haven asset.
Gold as a safe haven asset has always been considered the safest form of investment in real
assets, but its value from the beginning of the pandemic to the present day has reached
historical values, with an uncertain outcome to further increase the value of this type of
financial asset.

Pressure from emerging economies, geopolitical turbulences caused primarily by the trade
war between the US and the Chinese economy, the implementation of BREXIT, heightened
tensions in the Middle East and fears of a slowdown in the global economy have led to
growing investor interest in trading with commodities which led to an increase in the price of
precious metals. Gold reached its highest historical value in early August 2020 of 2.067,15
USD/troy oz. The average value of around 2.000,00 USD/troy oz in the middle of 2020 is
conditioned to a significant extent by the changed economic tendencies due to the COVID-19
pandemic and the appearance of general economic uncertainty and global contraction
economic cycles. During the first eight months of 2020, gold had a growth of over 500
USD/troy oz which is a growth of 32%. If the contractionary cyclical economic trends
continue globally during 2021 and next year, it is realistic to expect that gold as a safe haven
asset will "break through™ its historical value limit. Due to the significant growth in the value
of these financial assets, the interest of investors around the world has triggered further
growth in aggregate demand, which has led to further growth in the price of this precious
metal.

Insufficient amount of gold with the increased aggregate demand on the international
market of precious metals (London Bullion Metal Association - LBMA), directs the attention
of investors to other precious metals, such as silver, which has long been undervalued. Due to
increased demand, its value during 2020/21 had significant growth. The price of silver, as an
investment alternative to gold, also depends on the amount of this metal mined on an annual
level. Increased demand by the industry for silver as a metal lead to the growth of aggregate
demand for this precious metal. Its production is limited with the available reserves and
annual capacities of the mine in production, as well as the capacities of the smelters in its final
production as a metal. The growth of investment demand, on the other hand, is exerted by
market pressure, which forces the growth of the price of this metal on international
commodity exchanges. Silver reached a value of over $ 20.00/troy oz during 2020. With a
current value of over $ 23.00/troy oz, silver tends to grow. This is compared to gold, which
during 2020 had the highest historical value and is still below the historically highest value
for silver, which had the highest value in April 2011 when it was traded for 48,70 USD/troy
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oz. Estimates from international markets are that the value of silver during 2021 will be at a
level that is between 20,00 and 21,00 USD/troy oz.

Taking into account these facts that condition the change of "investment appetite” of
different investors in the financial market, the paper will analyze the impact of the
governmental interventionism measures in the implementation of expansionary monetary and
fiscal policy to mitigate contractionary economic trends, but which due to increased supply of
primary money at the level of national economies could lead to inflationary pressures. The
paper will be analysed the impact of the implementation of expansionary monetary policy,
which leads to a stoppage in the further fall of GDP, but which, on the other hand, due to
inflationary pressures, may lead to a fall in the value of national currencies. The decline in the
value of national currencies leads to a decline in the level of investors' investment portfolio,
which should also be taken into account when investors choose a portfolio structure and do a
portfolio structuring, which is based on goods that belong to a safe haven financial assets.

1. IMPLEMENTATION OF ECONOMIC POLICY - THEORETICAL
APPROACH

International commodity and financial markets are in an emergency economic situation
due to the COVID-19 pandemic. Economic uncertainty, declining production and
productivity, the emergence of inflationary trends, rising unemployment rates, rising
indebtedness relative to gross domestic product (GDP) are the main negative macroeconomic
trends that are present in these international markets. All these negative tendencies appeared
as a consequence of the initial lockdown measures at all national economies, which
consequently led to the impossibility of regular production processes and international trade.
Export activities were almost stopped, which particularly affected certain sectors of the
economy such as transport, the sector of tourism, the automotive industry and other sectors in
the field of primary production. Consequently, due to the impossibility of imports and
production in import-dependent economies, there was another negative macroeconomic
phenomenon of stagflation. It is estimated that the strongest negative effect of the pandemic
was in the transport and sector of tourism. Negative economic trends have brought tourism at
the level of the European Union under an unprecedented level of pressure (Volkmann et al.
2021). The United Nations World Tourism Organization (UNWTO) predicts that the global
negative financial loss in the tourism sector will be around 40 billion USD (UNWTO 2020).
Related to these negative projections, the number of foreign tourists was lower by about 80%
during 2020 (UNCTAD 2020), while during 2021 a slightly smaller decline in the number of
tourist trips is expected, but for the summer of 2021. This extrapolation for 2021 is based on
figures at the end of August 2021, which shows a significant increase in the number of cases
infected with COVID-19, which will lead to a further decline in the total value produced in
this sector and the sector of transportation by the end of the year. All these facts have
conditioned the implementation of expansive economic policy, which is primarily related to
the additional ,,pumping® of the money supply to solve the problems on the demand side.

It could be mentioned that the global economic crisis due to the COVID-19 pandemic is a
crisis unknown to the global economy and that its depth is greater than that caused by the last
global financial crisis in 2008 (Rohde 2011). The IMF lists three basic elements that make
this crisis different from others. The first element refers to the size of the problem and the
need for large allocations at the level of national economies related to health expenditures and
the health system, as well as the necessary measures related to liquidity, which can ultimately
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trigger a new global financial crisis. As the second element, there is uncertainty about the
length and intensity of this crisis. The third element relates to a very different role in the
implementation of economic policy (IMF 2020). Looking at economic outlooks during 2000,
economists have the opinion that the global economy is facing a worse recession than the one
caused by the Great Depression, and that the decline in the value of GDP of national
economies is greater than that followed by the financial crisis before just over ten years ago
(Wheelock 2020). Partial recovery of national economies is forecast for 2021, but the degree
and depth of recovery largely depend on the implementation of economic policy at the level
of national regulators, as well as the further pandemic flows particularly at the Q3 2021. This
negative economic scenario could lead to the reintroduction of partial or complete lockdown
and thus the cessation of production in certain sectors of the economy, which will
consequently affect the extrapolated growth rates of GDP.

The COVID-19 pandemic, like any other global economic crisis, is leading to a
contractionary economic cycle. In economic theory, a recession represents a negative
macroeconomic trend and a decline in economic activity. The causes that lead to
contractionary economic trends can be different, but it is most often cases as a consequence of
falling consumption caused by shocks on the demand side and falling of aggregate demand.
The first sign of the recession was the fall of the stock market in 2020 when the main market
indices had a drop in value between 20 and 30% during February and March. The recovery
followed during April 2020, and by the end of the year, the recovery would have been stopped
for most market indices, or record estimates of falling values were being set again (Zumbrun
2020). Creators of economic policy still have the opportunity to implement expansionary
monetary and fiscal policy to resolve or mitigate contractionary economic trends. With the
implementation of these policies, national regulators want to reduce taxes and lower interest
rates, with the main goal of accelerating the growth of economic activity. By lowering the
base interest rate, creators of economic policy want to encourage the lending of funds in the
financial market to restart economic activity that should affect increasing quantities of goods,
thus establishing the new equilibrium between prices and quantities of goods which should
control inflation trends (Zivanovi¢ 2021). In these extraordinary economic circumstances due
to the COVID-19 pandemic, it is necessary to realize a trade-off between measures of
expansive economic policy, so that increasing the amount of primary money on the market
would not jeopardize the recovery process due to inflationary or deflationary economic
tendencies. The problem with the implementation of expansionary economic policy in a crisis
similar to the Great Depression of the early 1930s is very problematic because the
contractionary stage is not due to negative economic cyclical economic trends, but due to
extraordinary circumstances caused by a pandemic that has a degree of uncertainty, refers to
the duration of the crisis, the number of days of lockdown of national economies or certain
sectors of the economy, the spillover of negative economic tendencies from different
commodity and financial markets. In such circumstances, there is a fear that measures related
to further increase in the money supply M1 may lead to inflationary tendencies, depreciation
of national currencies and the regulators should implement a mix of different economic
policies. Increasing the amount of primary money is a necessity given the increased level of
costs arising from investments in the health system and health care, as well as the need to help
the vulnerable population who are left with reduced monthly income due to inability to
perform their regular economic activity.

72



THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE

DEVELOPMENT
A
.S
M ot s
~. e
N EDXUEL-
My—> s My
ﬂ_ - s
= E.T N,
Mo = = “. Mo
/_/ ,’/ \ \.
. ’ \ ~N I
. 1
AY | P}
P —_— 0 o
Y Yy Y, Y

Graph 1. Implementation of expansionary monetary policy
Source: Authors research

Graph 1 shows the effect of expansionary monetary policy, which refers to the growth of
money supply and loan placement in a state of contractionary economic activity (Sovtié
2008). Expansive monetary policy leads to an increase in the money supply from MO0 to M1,
which should, under conditions of normal economic trend, lead to an increase in investment
activity, which is shown as a movement of the investment curve to the right from curve 10 to
curve 11. Due to the given savings at the level of the household and retail sector which is
shown by the curve SO under the rules of the free market, we have the establishing of the first
equilibrium point EO as an intersection of the investment curve 10 and the level of original
money supply MO. Expansive monetary policy leads to an increase in the money supply from
position MO to position M1. At the intersection of the new increased amount of primary
money shown by the M1 curve and the new investment curve I1 resulting from increased
investment activity. We have established a new equilibrium point E1, which is also
characterized by an increase in level GDP and movement from initial amount YO to value
expressed as Y1. Income growth is higher than investment growth so that the growth of
money supply and credit leads to multiplied growth of national income (Mileti¢ 2013). In this
way, the economic trends could be shown by applying an expansive monetary policy in
regular cyclical economic trends. Does the application of classical expansionary monetary
policy in extraordinary circumstances lead to the same effects? This is given in the same
graph 1 in the form of a modified savings curve S1 which has a steeper shape compared to the
initial savings curve given by curve SO. The steeper savings curve was caused by the
changing habits of consumers in the conditions of a pandemic to the classic contractionary
economic trends. The consumers' habits in the extraordinary circumstances of a pandemic can
be equated with economic behaviour in war conditions. These changing consumers’ habits are
more reliant on ,,hoarding money* due to the uncertainty of future economic circumstances.
Based on the new savings curve due to the increased amount of money given by the M1
curve, we have a slightly different scenario compared to the expectations of creators of
economic policy, which refers to slightly lower investment growth compared to the situation
of the regular contractionary economic cycle. Investment growth is lower than expected and it
is shown by curve 12. In the intersection of the new investment curve 12 and the curve of
increased money supply M1, we have a new equilibrium point E2, which also reflects a
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slightly smaller volume of growth of GDP. Depending on the depth of the crisis due to the
COVID-19 pandemic at the level of one national economy, an increased amount of money
can lead to an inflationary spiral and an increase in the prices of all goods. In some other
markets, due to reduced production volume and lower demand, another negative
macroeconomic situation may occur, which is characterized as stagflation.

Stagflation or negative inflation occurs when there is a general decline in economic
activities at the level of the national economy. In situations that are characterized by
stagflation, there is a greater supply of products to the existing demand. The standard form of
stagflation leads to an increase in the purchasing power of consumers because money is worth
more due to a decrease in the amount of money and a decrease in the amount of credit in the
financial market, which harms consumers consumption. Milton Friedman argues that due to
optimal economic policy, central banks should find a rate of deflation equal to the rate of real
interest rates on government bonds (Friedman 1970). Friedman stated out that the nominal
rate should be zero and that the price level should fall gradually according to real interest
rates. In the case of a pandemic, this economic rule can also be viewed from different angles,
all depending on how much the implementation of expansionary economic policy by central
banks as regulatory bodies and states leads to stabilization of economic trends, and how much
the implementation of different economic policies are weakening due to different consumers
behaviour due to the change in "consumer appetites” and the desire of individuals and
investors to ,,hoard money* or turn it into a real financial asset.

Regarding the implementation of monetary policy, due to the effects of the previous global
financial crisis and the effects caused by the pandemic, central banks lowered nominal interest
rates in many cases to zero or very close to zero. Economists have an opinion that it is
desirable to go with a negative interest rate because the implementation of a negative interest
rate should encourage the economy and the consumers to spend or invest more as opposed to
keeping money in the accounts of commercial banks and the so-called ”hoarding money”,
whereby their value would be reduced due to the appearance of inflationary trends. On the
other hand, there are concerns in the part related to the implementation of negative interest
rates, such as the impact of these interest rates on bank profitability, while the other concern is
related to depositors who may be motivated to no longer keep their deposits in accounts with
commercial banks than to keep money in cash or turn into some other kind of real financial
assets. In any case, the application of neutral interest rates that are close to zero in the short
term is a reality and implemented by central banks in the international financial market.
Neutral interest rates have the main goal of reestablishing economic activity during the
contractionary economic cycle (Haksar and Koop 2020). On the other hand, within the
framework of expansionary economic policy, regulators implement in parallel an
expansionary fiscal policy. Expansive fiscal policy leads to lower taxes and thus to a larger
amount of money left to the corporate sector or consumers, which can be used for new
investment activities or to increase consumption (Zivanovic 2021).

As expansionary fiscal policy leads to an increase in public expenditures, these activities
directly lead to a budget deficit. The budget deficit must be financed either by external
government borrowing on the international financial market or by the central bank's open
market activities related to the sale of short-term securities.

The classical monetarist model of expansionary fiscal policy can be explained by the
AS/AD model shown in Graph 2. Monetarists believe that the increase in aggregate demand
for AD leads only temporarily to an increase in real gross domestic product, by increasing it
to Y1. At this volume of production, the first equilibrium is established at point EO, which
represents the intersection of the curve of long-term aggregate supply of LAS and short-term
aggregate supply at the price level pl. An increase in the amount of primary money leads to
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inflationary expectations, which leads to a shift to the left of the short-run aggregate supply
curve SAS1 to the SAS2 curve. This shift in the short-run aggregate supply curve leads to a
new equilibrium point E1, which is characterized by higher prices p4 and a higher inflation
rate with unchanged production volume Y1. At the same time, we have only a short-term
improvement in the macroeconomic position, which is characterized by a reduction in
unemployment. Regarding this, monetarists stated that there can only be a short-term trade-off
between unemployment and inflation (Friedman 1976). The same graph 2 shows the situation
based on the classical monetarist school in the implementation of expansionary fiscal policy,
but which is adjusted to the current macroeconomic circumstances due to the COVID-19
pandemic. In these circumstances, we can assume that the consumers will not react in the
same way as shown in the basic model, ie. they will not be too interested in new investment
activities or for new increased spending, and therefore we have a situation in which there is a
short-term shift of aggregate demand from the initial position AD1 to AD3. In parallel, there
is a short-term shift of the short-run aggregate supply curve from position SAS1 to SAS3.

At the point of intersection of the short-run aggregate supply curve and the long-run
aggregate supply curve, we have a new equilibrium point E2, which is reflected in a slightly
higher price p3 compared to the initial price p1 with unchanged gross domestic product Y1.

As opposed to the monetarist economic school, Kenzians and neo-Kenzians view increased
money supply as an endogenous variable, whose movement is influenced by changes in other
variables in the economic model. They stated that due to the increase in aggregate demand to
the production potential, the needs of consumers will be met as soon as the price at which
they can be met is found, and in this way, the model will return to equilibrium (Keynes 1935).
In the part of fiscal policy, Keynesians have an opinion that the issue of money increase can
be neutralized by increased taxation. This statement given by John Maynard Keynes in the
crisis caused by the pandemic is not applicable, because any additional taxation or imposition
of a burden on the economy and the consumers is counterproductive. The Kenzians thoughts
regarding the contractionary economic trends are that in these circumstances there is a rise in
unemployment and a fall in inflation. They believe that the paradox occurs in situations of
renewed economic growth when due to cost inflation there is stagnation which is
characterized by higher unemployment rates and higher inflation rates.
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Graph 2. The monetarist approach of expansive fiscal policy
Source: Authors research
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Within the current situation, there is a somewhat favourable approach by international
financial institutions towards countries in the area of conducting fiscal policy, which refers to
the increase of public expenditures. In the short term, various creators of economic policy
neglect the level of the budget deficit or the level of indebtedness to the GDP, leaving the
solution of these problems at the time when economic activity has grown again at the global
level, ie until the expansionary economic cycle. This opinion is acceptable, because most of
the world's economies do not have the opportunity to finance from their sources an
extraordinary increase in public expenditures, primarily related to increased expenditures for
the health system and health care, but these activities lead to serious distortions of
macroeconomic indicators at the levels of government debt to GDP. The problem of increased
levels of government debt to GDP is a problem that cannot be solved in a short period and this
is a problem that can lead to serious financial imbalances that most often lead to inflationary
or deflationary tendencies and devaluation of national currencies. With the onset of the
pandemic, several institutions responded to the new challenges that emerged in the global
financial market. The main central banks have extended bilateral swap lines to each other and
more other countries than during the previous global financial crisis. The US Federal Reserve
(FED) has offered dollar liquidity repo programs for several different countries. However, the
main central banks and the FED cannot offer these financial programs for all countries, so in
that case, the International Monetary Fund (IMF) appears as an important factor that should
enable the financing of the liquidity gap.

To these needs, the IMF has offered several forms of short-term liquidity financing for all
member countries. These programs are called Short-term Liquidity Line (SLL), Rapid
Financing Instrument (RFI) and Rapid Credit Facility (RCF).

As part of the IMF's broader response to the new economic turbulence due to the COVID-
19 pandemic, is presented a new form of short-term SLL1 financing, providing reliable and
innovative credit lines for member countries with a very strong economic policy framework.
This form of financing is especially focused on the needs of financing at the level of the
balance of payments, and as well as the needs that are expressed in the short term at the level
of the capital balance, which is conditioned by the pressures created based on external shocks.
The importance of SLL credit lines lies in the fact that the IMF Executive Board can approve
a credit line within a few days, regardless of whether the needs of member states are large or
small, as part of a program related to the economic downturn due to the pandemic COVID-19
(Okamoto 2021).

Another form of quick financial support provided by the IMF is the Rapid Financing
Instrument (RFI)2. This program provides short-term financing for all member states that face
an urgent need for financing at the level of the balance of payments. Rapid Financing
Instrument modifies an earlier IMF funding program related to emergency assistance policy
and as such can be used in a variety of circumstances.

The third form of short-term financing by the IMF to overcome short-term insolvency,
especially for developing countries and low-income countries (LIC), is called Rapid credit
facility (RCF)3. RCF provides fast concession financial support with limited conditionality to
low-income countries that need urgent financing at the level of balance of payments. This
form of short-term financing presented by the IMF was formed within the Poverty Reduction
and Growth Trust (PRGT) and represents a broader form of reform in the provision of

1 IMF - https://www.imf.org/en/About/Factsheets/Sheets/2020/04/17/short-term-liquidity-line
2 IMF - https://www.imf.org/en/About/Factsheets/Sheets/2016/08/02/19/55/Rapid-Financing-Instrument
® IMF - https://www.imf.org/en/About/Factsheets/Sheets/2016/08/02/21/08/Rapid-Credit-Facility
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financial support that should be more flexible and tailor-made following the needs of LIC, and
which are particularly pronounced in periods of the financial crisis.

SDR allocations: COVID-19 vaccine pur chase example

Step 1: Allocations of SDRs
If IMF allocates SDRs Country A receives an amount in proportion to

its share in the IMF.
SDRs u >

Step 2: Trade SDRs for currency
Country A can exchange its SDRs with Country B for foreign currency
reserves.

Country A

Country A Country B

SDRs >

< $€EL

Step 3: Acquire vaccines
Country A can then use these foreign currency reserves to purchase
vaccines.

Country A

ses > =
<< vaccine g

Figure 1. Allocation of SDR on the example of the purchase of vaccines against COVID-19
Source: IMF - SDR Finance Facility

Finally, as a well-known form of IMF financing for all member countries, depending on
their position determined by their quota shares and fiscal stability offered borrowing through
Special Drawing Rights (SDR)4. At the end of August 2021, the IMF enabled the member
countries to distribute the largest financial support in the history of the fund in the amount of
650 billion SDR, as part of the funds that are primarily determined to combat the
consequences of the crisis caused by the pandemic, which is characterized as an
unprecedented global economic crisis (Kristalina 2021). During the last financial crisis in
2008, the IMF issued aid of 250 billion SDR, so the current financing support is two and a
half times higher than the number of approved funds during the last global financial crisis.
The specificity of the program related to SDR refers to its speed of approval. These funds are
distributed according to the IMF quota shares, closely related to the size of national
economies. Of the total amount of SDR funds, 275 billion SDR is committed to emerging and

* IMF - https://www.imf.org/en/News/Articles/2021/08/23/how-the-world-can-make-the-most-of-new-
special-drawing-rights?utm_medium=email&utm_source=govdelivery
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developing countries. For the LIC is approved 21 billion SDR, which in some cases represents
over 6% of GDP of specific countries. SDRs help member states with weak reserves at the
level of their balance of payments to reduce their dependence on expensive domestic sources
of financing or financing in the external international financial market.

Figure 1 shows how SDR-based funding should work to increase the fight against the
COVID-19 pandemic. A national economy that has a deficit of liquidity reserves on its
current balance of payments may exchange its share in the SDR with another country that has
a surplus of liquid assets at the level of its balance of payments. With these liquid assets, a
member state can purchase the vaccines it needs to fight against a pandemic. IMF estimates
that national economies have so far spent about $ 8 trillion to combat the negative economic
results due to pandemics (Gaspar, Lam, and Raissi 2020). At the moment, the growth of
public debt is visible in most of the world's leading economies, which in certain national
economies exceeds twice the value of government debt to GDP. Following the IMF
recommendations, we can conclude that the domicile financial market was the first in the
region to respond to the challenges of the pandemic and which, to revive the national
economy, implemented adequate fiscal and monetary policy whose results were visible in
2020, and whose effect will have a positive impact on economic trends in 2021. Following the
applied measures in the field of economic policy, the Republic of Serbia had the lowest
decline in production measured by the GDP growth rate in the region during 2020 (IMF
2020).

As an economic phenomenon during the COVID-19 pandemic, which is especially
happening in the international financial markets, it is important for a different structuring of
an investor's investment portfolio. Individual or institutional investors need to restructure the
existing financial instruments on their investment portfolios due to the uncertainty of the
economic and financial crisis. This is especially visible in the case when with the new
investment portfolio investors would like to diversify it to reduce all forms of financial and
market risks. As the value of the main indexes from the international stock exchange fell due
to the pandemic and the fall in the value of international trade and production, investors tried
to replace the existing financial instruments with some other real financial assets. Precious
metals such as gold and silver are playing a significant role, and the share of these real assets
is growing at the level of investor's investment portfolios. Due to the growth of aggregate
demand from investors and consumers, the value of these assets increased during 2000, with a
tendency for further growth during 2021/22. The further analysis will be related to the
possibility of adequate diversification of the investment portfolio through gold and silver as
real assets with the investors' goal to structure an optimal investment portfolio. Related to
analyse of portfolio restructuring will be set up the basic hypothesis regarding the possibility
of using precious metals as real assets in the diversification of the investment portfolio.

2. MACROECONOMIC ANALYSIS OF ECONOMIC POLICY

Within the macroeconomic analysis, data on the value of trading are presented, which refer
to the main market indices on the international financial markets. The analyzed data include
the time series from 2019-2021. This time series covers the pre-COVID-19 period as well as
the two years in which the COVID-19 pandemic has a negative economic and financial
impact on global markets. The paper analysed trading values for main market indices such as
S&P500, NIKKEI225 and STOXX600. To be able to compare the data related to the
movement of these market indices is analysed the values and trends of the trading prices for
main market indices with alternative forms of financial assets such as gold and silver.
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Table 1. Main market indices trends and safe haven financial assets

M/Y Gold Silver S&P500  NIKKEI225 STOXX600
01/2019 1.291,688 15,590 2.704,10 20.773,49 358,67
02/2019 1.319,910 15,806 2.784,49 21.385,16 372,80
03/2019 1.301,592 15,321 2.834,40 21.205,81 379,09
04/2019 1.287,048 15,042 2.945,83 22.258,73 391,35
05/2019 1.283,527 14,625 2.752,06 20.601,19 369,06
06/2019 1.358,765 14,996 2.941,76 21.275,92 384,87
07/2019 1.413,795 15,745 2.980,38 21.521,53 385,77
08/2019 1.497,950 17,138 2.926,46 20.704,37 379,48
09/2019 1.510,825 18,170 2.979,74 21.755,84 393,15
10/2019 1.494,783 17,625 3.037,56 22.927,04 396,75
11/2019 1.470,969 17,180 3.140,98 23.293,91 407,43
12/2019 1.478,035 17,114 3.230,78 23.656,62 415,84
01/2020 1.560,671 17,965 3.225,52 23.205,18 410,71
02/2020 1.597,960 17,922 2.954,22 21.142,96 375,65
03/2020 1.592,846 14,918 2.584,59 18.917,01 320,06
04/2020 1.681,480 15,034 2.912,43 20.193,69 340,03
05/2020 1.716,040 16,232 3.044,31 21.877,89 350,36
06/2020 1.733,125 17,720 3.100,29 22.288,14 360,34
07/2020 1.842,060 20,405 3.271,12 21.710,00 356,33
08/2020 1.969,868 26,893 3.500,31 23.139,76 366,51
09/2020 1.922,846 25,886 3.363,00 23.185,12 361,09
10/2020 1.901,400 24,246 3.269,96 22.977,13 342,36
11/2020 1.866,498 24,043 3.621,63 26.433,62 389,36
12/2020 1.854,877 24,887 3.756,07 27.44417 399,03
01/2021 1.868,330 25,897 3.714,24 27.663,39 395,85
02/2021 1.811,090 27,351 3.811,15 28.966,01 404,99
03/2021 1.719,893 25,613 3.972,89 29.178,80 429,60
04/2021 1.760,239 25,640 4.181,17 28.812,63 437,40
05/2021 1.850,393 27,463 4.173,85 28.084,47 443,76
06/2021 1.835,332 26,982 4.297,50 28.791,53 452,84
07/2021 1.806,483 25,753 4.395,26 27.283,59 461,74
08/2021 1.784,028 24,016 4.522,68 28.089,54 470,88

Source: Yahoo Finance — Trading Data

Based on the data from Table 1, it can be seen that for the observed time series, gold had
the lowest trading value in May 2019 of 1.283,527 USD/troy oz, and the highest value in
August 2020 of 1.969,878 USD/troy oz. Gold values of over 1.800,00 USD/troy oz remained
during 2021. The high value for gold during 2020/21 represents growth due to increased
aggregate demand for this financial asset. During the 2020 pandemic, investors and
consumers wanted to exchange cash and other financial instruments for a real financial asset,
which, like gold and silver, is seen as a safe haven asset. The increase in value for the
observed time series, which includes the period before the declaration of the pandemic and
during the COVID-19 pandemic, if we compare the lowest and highest value, shows an
increase in the price of gold of 53,47%. On the other hand, we have data related to the value

® Yahoo Finance - https://finance.yahoo.com
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of trading with other real financial assets, which is viewed as trading in precious metals. Due
to insufficient supply of gold with increased aggregate demand and other precious metals such
as silver, which price has been underestimated for years, it appears as an investment
alternative and its value also begins to grow due to increased aggregate demand for this metal.
The lowest value of silver in the observed time series was also recorded in May 2019, as for
gold. In May 2019, silver was traded at 14,625 USD/troy oz. With the declaration of a
pandemic, the demand for this metal is growing and its value is growing during 2020/21. The
highest value of silver in the observed time series was recorded in May 2021, when silver was
traded at 27,463 USD/troy oz. If we compare the lowest value of silver for the time series
before and during the pandemic, we can conclude that silver also had a growth of 87,78%.
Silver had higher growth in value compared to gold as a safe haven financial asset. This is the
case because silver has been undervalued by investors for many years and was a
supplementary financial asset to gold, which had a dominant value and was traded the most to
protect the value of real financial assets. Silver maintained high values during 2021, and
according to projections from international commodity markets, silver is expected to maintain
high trading values in 2022 too.

As well, it was observed the trends for leading trading indices such as S&P500,
NIKKEI225 and STOXX600 as a financial instrument that is in the investment portfolio of
investors in the same time series. Analyzing the data related to the value of these indices, we
can conclude that the leading trade indices had the lowest value in March 2020. This can also
be seen as a reaction of main trade indices to the declaration of a pandemic, the emergence of
greater risk for all investors and the emergence of contractionary economic trends that
affected the volume of international production and trade expressed through the growth rate of
GDP at national economies. At the end of 2000, there was a partial recovery and increase in
the value of these trade indices, so that the highest values would be achieved during 2021. For
the S&P500, the lowest value was achieved in March 2020 with a value of 2.584,59 USD.
The highest value of this index was realized in August 2021 at 4.522,68 USD. This represents
a growth of 74,99%. The second major market index NIKKEI225 also had the lowest value in
March 2020 of 18.917,01 USD. As for the S&P500, this market index has a stabilization
value at the end of 2020/21, so that the highest value of this index was achieved in March
2021 with a value of 29.178,80 USD. Observing this value with the lowest value within the
analyzed time series, we conclude that this market index had a growth of 54.25%. And the
third observed market index STOXX600 had the lowest value in March 2020 of 320,06 USD.
The highest value of this market index was recorded in August 2021 with a trading price of
470,88 USD. The STOXX600 had stabilization of the trading value and achieved growth
compared to the lowest value during the pandemic of 47,12%. From the three main analyzed
market indices, we conclude that the S&P500 had the highest growth in value, followed by
NIKKEI225 and finally STOXX600. These trends show the degree of recovery of national
economies during the pandemic and the resumption of investment cycles, primarily due to the
implementation of economic policy by national regulators. In Table 1, the minimum and
maximum values of the variables are shown as bold values.

The values analyzed in Table 1 are given in the form of graphs in Figure 2 on which is
presented the trading trends for safe haven assets and the main trading indices. Graphs are
given in the form of line charts on which we can see positive growth trends for all observed
variables, especially from Q3 2020, as well as positive trends that continued in 2021. Based
on these positive trends that are visible from Q3 2020 onwards, we can get the wrong
conclusion about the complete recovery of national economies. It is necessary to analyze in
detail the data related to basic macroeconomic indicators for individual countries.
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Figure 2. Graph of trading trends for safe haven assets and main trading indexes

Source: Autor’s research

Within this research which is related to the macroeconomic analyses, the macroeconomic
indicators were analysed for twelve countries for the same time series from 2019-2021. It
analysed the indicators for the domicile economy of the Republic of Serbia and all
neighbouring countries. Macroeconomic indicators for Macedonia, Bosnia and Herzegovina,
Albania were taken as data for comparable economies belonging to CEFTA countries. Like
other neighbouring countries, the analysis includes countries that belong to the European
Union, but which are neighbouring countries with the Republic of Serbia, such as Bulgaria,

Romania, Hungary and Croatia.
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Table 2. Macroeconomic data related to GDP growth rate and inflation rates

GDP %° Inflation rate®
2019 2020 2021 E’ 2019 2020 2021 E’

1 Serbia 4,25 -0,98 4,97 1,85 1,58 2,19
2 North Macedonia 3,17 -4,53 3,80 0,77 1,20 1,96
3 Albania 2,17 -3,31 5,00 1,41 1,62 1,96
4 Bosnia and

Herzegovina 2,83 -4,33 3,50 0,56 -1,05 1,23
5 Hungary 4,64 -4,96 4,30 3,34 3,33 3,63
6 Croatia 2,86 -8,37 4,70 0,77 0,26 0,72
7 Slovenia 3,18 -5,53 3,71 1,63 -0,05 0,81
8 Romania 4,13 -3,86 6,00 3,83 2,63 2,75
9 Bulgaria 3,69 -4,15 4,40 3,10 1,67 0,99
10 Greece 1,86 -8,25 3,76 0,25 -1,25 0,16
11 Italy 0,29 -8,87 4,20 0,61 -0,14 0,76
12 Germany 0,56 -4,90 3,40 1,45 0,51 2,25

The third analyzed group of countries also includes countries belonging to the European
Union, such as Greece as a country in Southeast Europe and Slovenia as one of the last
countries admitted to the European Union. Slovenia is smaller than the Republic of Serbia in
terms of market and number of companies which belong to the real sector, but have strongest
economic results than domicile economy. The last analyzed country is Germany as the
country of the European Union which is the leading industrialized country and the country
with the most developed financial market of all the countries taken in this macroeconomic
analysis. Depending on the implementation of economic policy in the monetary and fiscal
sphere by this country, all other countries try to harmonize their activities towards the
implementation of measures depending on the possibilities and capabilities related to the
balance of payments of each national economy.

Table 2 analyzes the first group of macroeconomic indicators for the observed time series.
Data for 2021 are given as projected values. Most analysts, including international financial
institutions, have made assumptions regarding 2021 as the year in which economic trends are
expected to stabilize. Whether these projections will be realized depends largely on the further
number of infected due to the COVID-19 pandemic and, accordingly, the normalization of
economic activities, which ultimately depends on the speed and degree of vaccination of the
world's population and costs related to vaccination, as and availability of vaccines in all parts
of the world.

The first indicator in Table 2 refers to the values that show the growth rate of GDP by
countries. Based on this indicator, it can be concluded whether a certain economy is in a
contractionary or expansive phase of the economic cycle. For the first observed year, a year
related to pre-pandemic business conditions, we have positive GDP growth rates for all
countries. In 2020, as the year in which the pandemic was declared, all analyzed countries had
negative growth rates, which is a direct consequence of negative economic activities. During
2020 all observed countries primarily implemented a monetary and fiscal policy aimed to
combat the pandemic and negative effects on the economy due to pandemic. The three
observed countries had the largest decline in the value of GDP, such as Croatia, Greece and

® World Bank Data — https://data.worldbank.org
" Statista - https://www.statista.com/statistics
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Italy. It can be concluded that all three countries that had the highest drop in the rates of GPD
have a significant impact on income from the sector of tourism. The sector of tourism was
most affected by the negative effects of the crisis due to the pandemic. Italy is a highly
developed industrialized country of the European Union, but it is also a country that was one
of the most affected countries in Europe due to the pandemic, and the country that has had
lockdown measures for the longest period, with serious losses on the level of the national
economy. All other analysed countries had a decline of the growth rate of GDP in the range of
3,3-5,5%. Compared to the other analyzed countries, the Republic of Serbia had the best
results thanks to the timely implementation of measures in the field of economic policy.
These measures referred to the quick reaction in the field of fiscal policy as well as previously
implemented fiscal stabilization, implementation of expansionary monetary policy, which is
mainly focused on stimulating consumption and stimulating the part of aid to the sectors of
the economy that were most affected by the negative economic trends due to the pandemic.
The decline of the growth rate of GDP in the Republic of Serbia was 0,98%, so related to this
rate the Republic of Serbia was the leader in Europe. Good results allowed the Republic of
Serbia to start a business from a good starting position in 2021, and to extrapolate the growth
rate of GDP of almost 5%. If there are no unforeseen economic flows by the end of 2021, due
to the pandemic which is still present, this extrapolated growth rate may be higher, and it is
estimated that the Republic of Serbia can achieve growth rates of about 7% annually. For
other observed countries, economic analysts estimate stabilization of economic activities
during 2021, and after a year of the falling growth rate of GDP, positive growth rates are
expected for 2021 between 3,5-6,0%.

The second macroeconomic indicator in Table 2 refers to information related to inflation
rates. For all analyzed countries, the inflation rates during 2019 and 2020 had stable values, ie
values that ranged within the target inflation rate proposed by national regulatory authorities.
Of the observed group of countries, four countries, such as Bosnia and Herzegovina, Slovenia,
Greece and Italy, had negative inflation rates in 2020, which means that the national
economies of these countries had stagflation, another negative macroeconomic phenomenon,
which in many elements has greater negative effects than inflationary trends. Inflation rate
extrapolation for 2021 indicates a stabilization of inflation rates for all observed countries. If
we compare the data related to growth rates of GDP and inflation rates, we can conclude that
creators of economic policy were focused on the trade-off between activities to maintain the
inflation rate on a targeted level with a controlled decline in the growth rate of GDP. How
successful they depend on the second and third groups of macroeconomic indicators, which
will be given in the following tables.

To further analyze macroeconomic indicators, Table 3 shows the second group of
indicators related to data on net debt to GDP and unemployment rates.

These indicators present a continuing analysis that should show the level of growth of net
debt to GDP to protect national economies from contractionary economic trends due to the
pandemic and how creators of economic policy have struggled to maintain the unemployment
rate at pre-existing levels before declaring a pandemic.
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Table 3. Macroeconomic data related to the level of government debt and unemployment

rates
Net debt/GDP® Unemployment rate’
2019 2020 2021 EY® 2019 2020 2021 E™

1 Serbia 48,86 54,57 60,00 10,39 9,01 12,99
2 North

Macedonia 40,02 50,49 53,70 17,26 17,20 16,34
3 Albania 60,93 69,88 67,00 11,47 11,70 14,00
4 Bosnia and

Herzegovinia 20,78 28,59 31,00 15,69 15,87 17,50
5 Hungary 58,37 74,24 78,00 3,42 4,25 3,80
6 Croatia 72,80 88,70 86,1 6,62 7,51 9,41
7 Slovenia 42,73 50,50 81,00 4,45 4,97 5,36
8 Romania 28,53 40,44 50,30 3,91 5,03 4,90
9 Bulgaria 8,04 13,27 25,50 4,23 512 4,80
10 Greece 180,50 205,60 209,00 17,31 16,30 16,58
11 Italy 122,08 142,03 160,00 9,95 9,16 10,30
12 Germany 41,37 50,01 73,00 3,14 3,81 4,45

In line with the activities of creators of economic policy in combating the negative effects
of the pandemic, and especially with increased public expenditures, which related to a large
costs to invest in existing and new health systems and health care, all analysed countries have
a significant increase of net debt to GDP in 2020, which was in the range of 5-25%. The
largest increase in indebtedness was recorded in Greece, which increased its level of
government debt by 25%, Italy by 20% and Croatia by 16%. The Republic of Serbia had a
moderate growth rate of 5,71% and a level of government debt that is at the level of 54,57%
of GDP, which is below 60% of government debt relative to GDP which represents the basis
of economic and fiscal stability according to the recommendations given by Maastricht Treaty
from 1992 and later the 2007 Lisbon Treaty.

The Maastricht Treaty was concluded in 1992 between 12 member states of the European
Union and is the founding document of the European Union. This Treaty sets out the basic
criteria relating to the monetary and fiscal stability of member states. The first criterion refers
to the inflation rate, which is limited to an amount not exceeding 1,5% annually. At the time
of signing the Treaty that was the average inflation rate at the level of the three best signatory
countries. The second criterion refers to the avoidance of exceeding the government deficit to
GDP which is not higher than 3% annually, as well as the level of government debt which is
not higher than 60%. The third criterion refers to the exchange rate at which national
currencies could exchange in the margins of normal fluctuation under the exchange
mechanism given by the foreign exchange market controlled by the European Monetary
System. The last, fourth criterion refers to the nominal long-term interest rate which is not
higher than 2% of the lowest inflation rate in the three-member states.

High unemployment rates were recorded in the two observed countries, Northern
Macedonia and Greece, while the other observed countries tended to maintain, and in some

¢ Knoema - https://knoema.com

° World Bank Data - https://data.worldbank.org

10 Trading Economics - https://tradingeconomics.com/forecast/government-debt-to-gdp
1 Statista - https://www.statista.com/statistics
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cases improve employment, to save the current labour force to the period of restarting
production and recovering national economies from the contractionary cycle.

At the end of the analysis of macroeconomic indicators related to the implementation of
economic policy during the contractionary economic trends due to the pandemic, Table 4
shows the last pair of macroeconomic indicators. The values related to the money supply are
expressed as a quantity of primary money M1 and the quantity of gold used as gold reserves
at the level of the central bank of national economies and serve as a defense against
unforeseen macroeconomic shocks. The money supply M1 is given in the quantity of the
money reserves and deposits as values nominated in national currencies and is not converted
into a USD. Data related to the M1 money supply were used to present the growth of primary
money in relative numbers compared to the year before the pandemic. On the other hand, data
of gold reserves and the percentage of gold to total reserves were used to prove the
importance of gold as a safe haven asset in increasing macroeconomic stability in conditions
caused by economic and financial crises with uncertain courses and duration.

Table 4. Macroeconomic data to the money supply M; and gold reserves

Money Supply M;*
2019 2020 Q32021 Currency
1 Serbia 753.882 1.064.108 1.240.232  RSD million
2 North Macedonia 161.898 190.733 206.404 MKD
million
3 Albania 487.750 565.911 655.037 ALL million
4 Bosnia and 12.221 13.638 15.924 BAM
Herzegovina million
5 Hungary 22.472 25.774 30.066 HUF billion
6 Croatia 123.688 146.188 172.478 HRK
million
7 Slovenia 20.935 23.791 28.100 EUR million
8 Romania 239.383 297.237 350.871 RON
million
9  Bulgaria 55.314 75.597 88.465 BGN
million
10 Greece 121.572 138.559 169.558 EUR million
11 ltaly 1.196.010 1.323.340 1.473.616  EUR million
12 Germany 2.230 2.505 2.764 EUR billion
Gold reserves™
2019  Holdings 2020 Holdings Q2 Holdings
% % 2021 %
1 Serbia 30,60 9,94 35,65 13,05 36,43 12,31
2 North 6,90 9,21 6,89 10,14 6,89 8,15
Macedonia
3 Albania 2,80 3,62 2,80 3,53 2,80 3,40
4 Boshia and 2,99 2,02 2,99 2,08 2,99 1,96
Herz.

12 Take-profit.org - https://tradingeconomics.com/forecast/government-debt-to-gdp
13 GoldHub - https://www.gold.org/goldhub/data/monthly-central-bank-statistics
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5 Hungary 31,51 4,82 31,51 4,62 94,49 14,62
6 Croatia N.A. N.A. N.A. N.A. N.A. N.A.
7 Slovenia 3,17 15,23 3,17 14,69 3,17 13,50
8 Romania 103,65 12,02 103,65 12,05 103,65 11,83
9 Bulgaria 40,48 7,07 40,83 6,55 40,83 6,55
10 Greece 113,50 65,20 113,90 58,00 113,96 59,49
11 ltaly 2.451,84 68,33 2.451,84 70,72  2.451,84 68,77
12 Germany 3.366.49 73,48 3.362,45 76,13  3.359,12 74,93

In Table 4, the first analysed macroeconomic indicator refers to the quantity of primary
money ML1. based on the given data, we can conclude that in all observed countries during
2020 there was an increase in money supply, which is a feature of the implementation of
expansionary monetary policy by the national regulatory authorities. All countries have
increased the money supply to create space within the expansive monetary policy at the level
of national economies for the resumption of consumption by consumers, as well as an
increase in investment activities by the real sector. The increased quantity of money supply
puts additional pressure on inflationary tendencies in the short and medium-term, so the
growth of the inflation rate in the future depends primarily on the duration of the crisis, the
start of investment activities and economic activity in general and as well as the end of the
financial and economic crisis. Central banks should "sterilize™ the money supply with their
activities on the open market. The activity of central banks in the open market also depends
on the ability of investors and the financial sector to participate in securities purchase
activities issued by governments, as well as the implementation of other measures related to
monetary and fiscal policy that should establish a new equilibrium market position. The scope
for these activities will depend largely on the level of government debt to GDP that will grow
in all national economies during the pandemic period. In line with the strengthening of the
national economy and the defense of the national currency from future potential revaluation,
national regulators have intensified activities in the international market related to the
purchase of gold as real financial assets.

In the second part of Table 4, it is presented that during 2020, the share of gold in the total
reserves of central banks is growing. This activity related to the increase in demand for gold
by central banks affects the increase in the price of this precious metal, but on the other hand,
gives a clear signal to individual and institutional investors how to the structure of their
further investment. In 2021, it expects central banks to continue with the same trend of gold-
related activities as in 2020. According to the data for Q2 2021, the largest increase in gold
reserves for the observed countries was in Hungary, which increased the level of gold reserves
by 63 mt, from 31,51 mt in 2020 to 94,49 mt in Q2 2021, which represents an increase in the
share of gold in total reserves by 10%, from 4,62% to 14,62%. The Republic of Serbia also
had an increase in gold reserves during 2020 compared to 2019 by 5 mt, as well as an increase
of about 1 mt in Q2 2021. With this growth in the amount of gold, the Republic of Serbia
increased the share of gold in total reserves by over 3% at a current level of around 13%. All
implemented measures so far in the field of fiscal stabilization and expansionary monetary
policy, relatively stable government debt, falling unemployment rate and controlled inflation,
the increase in the share of gold in total reserves are a good signal to external investors
regarding stable growth projections of the Republic of Serbia in the upcoming period.
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3. PORTFOLIO RESTRUCTURING AND DIVERSIFICATION

The last part of the paper is analysed the basic hypothesis HO. The basic hypothesis HO
proves the statement that refers to the question: Can gold and silver be used as safe-haven
assets for optimal allocation at the level of the investment portfolio? This hypothesis was set
up to prove that due to the effects of extraordinary economic circumstances due to the
COVID-19 pandemic, the investment behaviour of individual and institutional investors is
changing. In the changed circumstances, individual and institutional investors want to
restructure their investment portfolios by managing financial instruments as best as possible
to perform optimal diversification at the portfolio level with the main goal to minimize all
types of financial and market risks.

The analysis related to proving the basic hypothesis and restructure of the investment
portfolio used data for trading values for gold and silver and trading values of three main
market indices such as S&P500, NIKKEI225 and STOX600, for the time series from January
2019 to August 2021. These data are given in Table 1, related to macroeconomic analysis.
Gold and silver have been used to prove or disprove the basic hypothesis regarding the use of
these precious metals as investment alternatives in the process of restructuring and
diversifying the investment portfolio in times of crisis. The remaining three main market
indices were used in the analysis because the existing structure of the investment portfolio is
mainly composed of a certain percentage of these financial instruments and because with
doing analyses of these main market indices we could express the depth of the global
contractionary economic cycle and extrapolate future financial and economic trends.

To conduct further statistical analysis of these data, Table 5 provides data related to the
percentages of monthly returns on investment for five observed variables. Calculating the
monthly rates of return on investment were used the data on the value of trading for all five
variables is given in Table 1. Analyzing the obtained data for a given time series, which refer
to the monthly return rates for the observed variables, it can be seen that the largest decline in
the value for gold was in March 2021. The decline in the trading value for gold was 5,03%
and can be characterized as a normal decline due to the exceptional fluctuation of these real
financial assets during the previous period when a historically high value of trading with these
real assets was recorded. The highest growth for gold as a safe haven was in August 2020,
which coincides with a period of extremely negative financial and economic results on
international markets due to the pandemic and increased investor demand for this type of
financial asset. Silver as an investment alternative to gold had the largest decline in the value
of trading in March 2020. The decline in the value of silver was 16,76%. On the other hand,
silver as the second precious metal that can be viewed as a safe haven had the highest growth
in the same period when the highest growth was recorded for gold in August 2020. The
growth in the value of trading for silver was 31,80%. Analyzing the data on the monthly rate
of return for the main market indices, we can see that all three observed trade indices had the
largest decline in value in March 2020, when silver also had the largest decline in value.
These trends reflect a global contractionary economic cycle that has hit all international
financial and commodity markets. The decrease in trading values for S&P500, NIKKEI225
and STOXX600 was 12,51%, 10,53% and 14,79%, respectively. The market index S&P500
already in the following month of April 2020 had a correction in the form of growth of its
trading value by 12,68%. At the end of 2020, all three market indices had the highest growth
in value, which indicates positive market trends that were primarily related to the emergence
of the vaccine against the COVID-19 virus and, consequently, the improvement of investment
prospects by international investors. The growth of all three basic market indices was 10,75%,
15,04% and 13,72%, respectively.
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Table 5. Monthly returns for safe haven assets and main trading indices

Monthly returns

M/Y Gold Silver S&P500*  NIKKEI225® STOXX600™
01/2019 - - - - -
02/2019 2,18489 1,38550 2,97289 2,94447 3,93955
03/2019 -1,38782 -3,06846 1,79243 -0,83867 1,68723
04/2019 -1,11740 -1,82103 3,93134 4,96524 3,23406
05/2019 -0,27357 -2,77224 -6,57777 -7,44670 -5,69567
06/2019 5,86182 2,53675 6,89302 3,27520 4,28386
07/2019 4,05000 4,99467 1,31282 1,15440 0,23385
08/2019 5,05242 8,84725 -1,80917 -3,79694 -1,63051
09/2019 0,85951 6,02171 1,82063 5,07849 3,60230
10/2019 -1,06180 -2,99945 1,94044 5,38338 0,91568
11/2019 -1,59314 -2,52482 3,40471 1,60016 2,69187
12/2019 0,48036 -0,38417 2,85898 1,55710 2,06416
01/2020 5,59094 4,97254 -0,16281 -1,90830 -1,23365
02/2020 2,38929 -0,23935 -8,41105 -8,88690 -8,53644
03/2020 -0,32003  -16,76152  -12,51193 -10,52809 -14,79835
04/2020 5,56451 0,77758 12,68441 6,74885 6,23946
05/2020 2,05533 7,96860 4,52818 8,34023 3,03797
06/2020 0,99561 9,16708 1,83884 1,87518 2,84850
07/2020 6,28547 15,15237 5,51013 -2,59394 -1,11284
08/2020 6,93832 31,79613 7,00647 6,58572 2,85690
09/2020 -2,38706 -3,74447 -3,92280 0,19603 -1,47881
10/2020 -1,11533 -6,33547 -2,76658 -0,89708 -5,18707
11/2020 -1,83559 -0,83725 10,75457 15,04318 13,72824
12/2020 -0,62261 3,51038 3,71214 3,82297 2,48356
01/2021 0,72528 4,05834 -1,11366 0,79879 -0,79693
02/2021 -3,06370 5,61455 2,60915 4,70882 2,30896
03/2021 -5,03548 -6,35443 4,24386 0,73462 6,07669
04/2021 2,34584 0,10542 5,24253 -1,25492 1,81564
05/2021 5,12169 7,10998 -0,17507 -2,52723 1,45405
06/2021 -0,81394 -1,75145 2,96249 2,51762 2,04615
07/2021 -1,57187 -4,55489 2,27481 -5,23744 1,96537
08/2021 -1,24302 -6,74485 2,89903 2,95397 1,97947

Source: Authors research

14 The S&P500 index (SPX) tracks the performance of 500 of the largest companies listed on US exchanges, such as the
New York Stock Exchange (NYSE) and Nasdag. The S&P500, also known as the US 500, and can be used as a

live indicator for the strength of US equities.

° The NIKKEI225 is a price-weighted equity index, which consists of 225 stocks in the 1st section of the Tokyo Stock

Exchange.

16 The STOXX Europe 600, also called STOXX600, SXXP, is a stock index of European stocks. This index has a fixed
number of 600 components representing large, mid and small capitalization companies among 17 European countries,
covering approximately 90% of the free-float market capitalization of the European stock market (not limited to the

Eurozone).
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Monthly returns can be expressed by the following formula:
Ro=p -1 (1)

where £&: represent monthly returns, £ and -1 the prices of the assets at moments t and t-
1, respectively.

Table 6. Main statistics for optimally/weighted portfolio and excess return

Statistics
Gold Silver S&P500 NIKKEI225 STOXX600
Average monthly return 1,09545 1,71371 1,79816 1,10865 1,00075
Monthly variance 10,16432 68,75385 25,66196 27,17854 23,98871
Annual return 13,14538 20,56452 21,57795 13,30383 12,00900
Annual variance 121,97183 825,04623 307,94351 326,14249 287,86446

Source: Authors research

Based on the results from Table 5 in the further analysis is calculated the basic statistical
indicators are required for the analysis of the optimal investment portfolio. Table 6 calculates
the values of monthly return, monthly variance, annual return and annual variance. The
variance calculation is used to calculate the difference between a forecast and the actual result
and is expressed in relative numbers. After calculating these basic statistical indicators for the
variables of the potential investment portfolio in Table 7 is calculated the excess returns value
for all proposed variables of the investment portfolio.

Excess returns are an important metric that helps an investor to gauge performance in
comparison to other investment alternatives. Thus, the excess return is identified by
subtracting the return of one investment from the total return percentage achieved in another
investment. Investors would like to see excess return as the difference in their investment over
a risk-free rate.

On other hand, this value can be calculated in comparison to a closely comparable
benchmark with similar risk and return characteristics. The positive excess return shows that
an investment outperformed its comparison, while a negative difference in returns occurs
when an investment underperforms. So, in general, an investor or institutional investors
looking for an opportunity to achieve excess returns beyond a comparable proxy. The excess
return value depends on an investor's willingness to take a risk.

More risk-taking make opportunities for higher returns. With the risk of an investment,
investors should calculate the beta coefficient which is an important metric when we would
like to generate an Efficient Frontier graph (Markowitz 1952) or to develop Capital Allocation
Line.

Asset returns on an Efficient Frontier can be calculated using the following Capital Asset
Pricing Model (Whitehurst 2003):

Ry = er + 8 % (Ry _er] (2)

where £z represent expected return on a security, &7 the risk-free rate, f= expected return
of the market, 8 of the security, (f= = &7) equity market premium.

The calculation of excess returns value made it possible to obtain the values represented in
Table 8. Table 8 presents the values of the variance-covariance matrix. The values obtained
from this matrix are an integral part of the final calculation of the optimal investment portfolio
and prove the basic hypothesis.
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Table 7. Excess returns values for all variables of an investment portfolio

Excess returns

M/Y Gold Silver S&P500 NIKKEI225 STOXX600
01/2019 - - - - -
02/2019 1,08944 -0,32821 1,17473 1,83582 2,93880
03/2019 -2,48327 -4,78217 -0,00573 -1,94732 0,68648
04/2019 -2,21285 -3,53474 2,13318 3,85659 2,23331
05/2019 -1,36902 -4,48595 -8,37594 -8,55535 -6,69642
06/2019 4,76637 0,82304 5,09486 2,16655 3,28311
07/2019 2,95455 3,28096 -0,48534 0,04575 -0,76690
08/2019 4,85697 7,13354 -3,60733 -4,90559 -2,63126
09/2019 -0,23594 4,30800 0,02247 3,96984 2,60155
10/2019 -2,15725 -4,71316 0,14228 4,27473 -0,08507
11/2019 -2,68859 -4,23853 1,60654 0,49151 1,69112
12/2019 -0,61508 -2,09788 1,06082 0,44845 1,06341
01/2020 4,49549 3,25883 -1,96097 -3,01696 -2,23440
02/2020 1,29384 -1,95306 -10,20921 -9,99555 -9,53719
03/2020 -1,41548 -18,47523 -14,31009 -11,63674 -15,79910
04/2020 4,46906 -0,93613 10,88625 5,64019 5,23871
05/2020 0,95988 6,25489 2,73002 7,23158 2,03722
06/2020 -0,09984 7,45337 0,04068 0,76653 1,84775
07/2020 5,19002 13,43866 3,71197 -3,70259 -2,11359
08/2020 5,84287 30,08242 5,20831 5,47707 1,85615
09/2020 -3,48251 -5,45818 -5,72096 -0,91263 -2,47956
10/2020 -2,21077 -8,04918 -4,56474 -2,00574 -6,18782
11/2020 -2,93104 -2,55096 8,95640 13,93452 12,72749
12/2020 -1,71806 1,79667 1,91398 2,71432 1,48281
01/2021 -0,37017 2,34463 -2,91183 -0,30987 -1,79768
02/2021 -4,15915 3,90084 0,81099 3,60017 1,30821
03/2021 -6,13092 -8,06814 2,44570 -0,37403 5,07594
04/2021 1,25040 -1,60829 3,44437 -2,36357 0,81489
05/2021 4,02624 5,39627 -1,97323 -3,63588 0,45330
06/2021 -1,90938 -3,46516 1,16433 1,40897 1,04540
07/2021 -2,66732 -6,26860 0,47665 -6,34610 0,96462
08/2021 -2,33847 -8,45856 1,10087 1,84532 0,97872

Source: Authors research
Table 8. Variance-covariance matrix
Variance-covariance matrix

Gold Silver S&P500 NIKKEI225 STOXX600
Gold 121,97183  206,73849 32,30389 -15,36215 -12,68602
Silver 206,73949  825,04623 192,50338 155,97673 131,18604
S&P500 32,30390 192,50338 307,94351 252,05337 267,89824
NIKKEI225 -15,36215 155,97673 252,05337 326,14249 257,53191
STOXX600 -12,68602 132,18604 267,89824 257,53191 287,86446

Source: Authors research
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To calculate the optimal portfolio diversification, a risk-free rate was used in the model,
which is calculated as a rate on 10Y US Treasury Bills17. The risk-free rate has a value of
1,34% on September 16, 2021. Based on this rate in Table 9 is calculated the expected
returns, risk and Sharpe ratio.

The expected return presented the amount of profit or loss an investor can anticipate
receiving on an inyestment. The formula for the expected return can present as follows:

EIR|l = ZR!-P!- )

where ERl js expected return, &: return in scenario i, 7 probability for the return &i in the
scenario i, and n represent a number of scenarios.

The risk represents the market risk of all assets in the proposed investment portfolio. And
the Sharpe ratio is used as a value to show the return of an investment compared to its risk.
The Sharpe ratio is the average return earned over the risk-free rate per unit of volatility or
total risk. Volatility indicates the price fluctuation of an asset in a portfolio. The formula for
the Sharpe ratio can be expressed as:

; Ry — &
Sharpe ratio = 4)

Op

where & is the return of the portfolio, fr risk-free rate, and “» represent standard deviation
of the portfolio's excess return.

Table 9. Equally and optimally weighted portfolio

Equally/Weighet Portfolio Optimally/Weighted Portfolio
Gold 0,20 Gold 0,59
Silver 0,20 Silver 0,00
S&P500 0,20 S&P500 0,41
NIKKEI225 0,20 NIKKEI225 0,00
STOXX 600 0,20 STOXX600 0,00
SUM 1,00 SUM 1,00
Expected returns 16,12 Expected returns 16,62
Risk 13,87 Risk 10,49
Sharpe ratio 1,07 Sharpe ratio 1,46

Source: Authors research

Table 9 presented two investment portfolios. The first investment portfolio has the same
structure of financial instruments, ie. in this investment portfolio, each financial instrument
participates with 20%. The second investment portfolio represents an optimally structured
investment portfolio in times of financial crisis as a crisis due to the COVID-19 pandemic. To
compare the two investment portfolios calculate the values of expected returns, risk and
Sharpe ratio. The first investment portfolio obtained lower values of expected returns and
Sharpe ratios, as well as higher values of market risk. The base interest rate on risk-free
bonds, which was 1,34% at the time of analysis used to calculate all values in both investment

7 Yeharts - https://ycharts.com/indicators/10_year_treasury_rate
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portfolios. After the application of portfolio diversification based on modern portfolio theory
obtained an optimal portfolio, which includes only two financial assets out of a total of five
observed. In the optimal investment portfolio, the share of gold is at the level of 59%, while
the share of investments in financial instruments of the market index S&P500 is 41%. With
this structure of the investment portfolio, investors can achieve the highest value of Sharpe
ratio of 1,46 and the lowest value of the market risk of 10,49. Based on these data, we can
conclude that the basic hypothesis is partially proven and confirmed the high share of gold as
a real financial asset and as safe have assets, while silver as an investment alternative to gold
is not a part of the optimal portfolio structure.

An optimally weighted portfolio is calculated using the Generalised Reduced Gradient
(GRG), based on an applied algorithm for the nonlinear programming method. Generalised
Gradient methodology looks at the gradient or slope of the objective function as the input of
variables measuring the changes of different investment assets in an investment portfolio.
GRG methodology determines an optimally weighted portfolio when the partial derivatives
are equal to zero.

CONCLUSIONS

Based on the conducted research related to the impact of economic policy measures by
national regulatory bodies to combat the financial and economic crisis due to the COVID-19
pandemic, as well as on the analysis of the need to restructure the investment portfolio
depending on the changed circumstances in the international financial market due to the
consequences of the crisis, we can conclude that observing macroeconomic indicators shows
the existence of global contractionary economic trends, and proved the basic hypothesis
related to the restructuring of the investment portfolio. Analyzing the data for a given time
series that coincides with the pre-COVID-19 period, as well as the years in which the
pandemic is present, we can conclude that all international financial markets are struggling to
find the optimal solution in the implementation of expansionary monetary and fiscal policy.
The international economy due to the pandemic is in a contractionary economic cycle, which
requires coordinated activities by national regulators and central banks in the open market to
provide national economies with a sufficient level of government budget funds to finance
increased public expenditures incurred primarily by large expenditures to finance newly
incurred costs at the level of the existing health system, construction of new capacities within
the health system and increased costs in the part of health care. To these costs related to the
national health system and health care should be added the costs at the level of public
expenditures related to the procurement of a sufficient number of vaccines to combat the
COVID-19 pandemic.

The availability of funds at the level of the balance of payments of national economies is
different, and therefore national economies perform a kind of capital structuring that refers to
deciding which part of these increased public expenditures will be financed from own
sources, and which part will be financed by borrowing on the international financial market.
Related to that, international financial institutions have also offered various forms of new
financial arrangements that are primarily based on financing increased public expenditures
and deficits at the level of the government budget. The IMF is one of the most important
international financial institutions that was the first to react to the needs of national economies
and member countries.

On the other hand, looking at the macroeconomic indicators for the analyzed group of
countries and for a given time series, we can conclude that all countries had a decline in GDP
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growth rate for the years related to the COVID-19 pandemic. In addition, certain countries
had negative inflation rates during the pandemic years, especially during 2020, which
indicates an even more negative macroeconomic situation and the emergence of stagflation.
Other observed countries had controlled inflation rates that were within the targeted inflation
rates. The same can be concluded for the unemployment rate, which has remained relatively
stable. For all countries, it can also be concluded that in the years of the pandemic, there was
an increase in the amount of supply of primary money, especially expressed as an increase in
the money supply M1. The increase in the value of the monetary aggregate M1, primarily due
to the expansionary monetary and fiscal policy, indicates potential future problems related to
inflationary trends. Due to increased public expenditures, certain analyzed countries also had
an increase in net debt to GDP, which in later years may lead to tendencies related to the need
to revalue the national currencies. As the countries that had the highest growth of net debt to
GDP are the member states of the European Union, it may happen that after the pandemic, the
European Central Bank will be forced to additionally help these national economies or to
revalue the euro in the entire European single market. As one of the measures related to
additional strengthening of the stability of the national currencies, it was noticed that in
certain national economies grows the share of gold in total reserves in the central banks,
which for these national economies represents an additional degree of monetary security due
to extraordinary economic activities due to the COVID-19 pandemic.

The domicile economy has managed to fight against the negative effects of the COVID-19
pandemic as one of the leading countries in Europe through activities in the area of previous
fiscal stabilization, and timely implementation of expansive monetary and fiscal policy. This
has been confirmed by the IMF and other independent rating companies. Consequently, the
Republic of Serbia had the smallest decline in the value of GDP compared to most national
economies in Europe. In the part related to increased public expenditures regarding the health
system and health care, the Republic of Serbia managed to finance the increase of health
capacities primarily used for patients infected with the COVID-19 virus, and in the part of
health care, it is one of the few countries in Europe, which offers its health insurers free health
care as well as free vaccines against the COVID-19 virus. In addition to the positive effects
related to the GDP growth rate, the Republic of Serbia also has positive trends in the inflation
rate, the unemployment rate and the increase in the level of gold in the total reserves of the
central bank. Based on all these indicators, it is concluded that the Republic of Serbia can
expect a good starting position to restart economic activity after the COVID-19 pandemic.
These are also the assumptions made by independent rating companies that announce an
improvement in the investment rating for the Republic of Serbia.

The paper presents a basic hypothesis, the proof of which refers to the claim that gold and
silver can be used as safe-haven assets in changed conditions due to the pandemic and
financial crisis, as well as the need for a different structuring of the investment portfolio.
Individual and institutional investors need to restructure the investment portfolio and,
accordingly, the need to increase the share of real assets in the investment portfolio. Investing
in gold is mostly used as a real asset, but also silver as an investment alternative. Due to the
increase in aggregate demand for these real financial assets in the global commodity markets,
there was a sharp rise in the value of gold and silver. The research based on the application of
the Modern Portfolio Theory and Capital Assets Pricing Model formed the Optimally
Weighted Portfolio, which proved the basic hypothesis that gold should be included in the
new restructured investment portfolio with a high 59% share. Silver as an investment
alternative has not shown significant value. The Optimally Weighted Portfolio calculation
was obtained using the Generalized Reduced Gradient.
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Based on all the results obtained by this research, we can conclude that the international
economy is in a deep contractionary economic cycle and that it will take time and a lot of
coordinated activities on a global level to get out of this negative economic phase to find the
international economy in the expansionary phase of the economic cycle. The pandemic has
changed the way international trade and financial markets work. There are more and more
financial assets in the financial markets that can be used as hedging financial instruments. In
connection with all these activities, investors and institutional investors are trying to find the
optimal structure of their investment portfolio in extraordinary and unpredictable economic
and financial conditions and to diversify in the best way at the level of their investment
portfolios. With diversified investment portfolios, gold can be used as a safe-haven financial
asset.
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ABSTRACT

Modern trends of professional training in public administration imply an organized process of
continuous improvement of existing and acquisition of new knowledge, skills and abilities of
employees in public administration which ensures competence, legality, regularity and expediency in
performing specific functions, activities and tasks from public administration.

However, as the training of public administration employees was programmed, conceived and
performed exclusively in the form of lectures in the cabinets and amphitheaters of the National
Academy of Public Administration, the new Pavid 19 pandemic brought into question all activities in
this area.

In order to continue with the continuous training of public administration employees in the
conditions of the "new normality”, a new concept was applied in the already existing model of so-
called distance learning, by organizing webinars. As a precondition for such an approach to the
organization and implementation of on-the-job training, a series of activities ranged from animating
and training lecturers, designing a new distance learning platform (LSM platform), creating new
databases and work-educational material, to analyzing student satisfaction with new methods. work.
As this process entered the second year of operation, there was a need to analyze the efficiency and
expediency of such a method of knowledge transfer, which is the subject of this research paper.

KEY WORDS
public administration, knowledge transfer, distance learning, Covid 19

INTRODUCTION

The process of professional development of public administration employees, in addition
to planning, selection (recruitment and selection) of staff, their monitoring and evaluation,
rewarding and promotion, is certainly one of the essential elements in integrated management
and development of human resources in public administration. On the other hand, the
implementation of this process contributes to the overall achievement of reform goals and
principles of public administration development, which is why it requires systemic solutions
and planned direction and development in all issues that are common or characteristic of most
public administration entities, including issues related to on organizational forms that can
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support and achieve integrity and uniformity in the programming and implementation of
professional development programs for employees in public administration.

The importance of this process is especially reflected in the general goal of public
administration reform, which implies further improvement of public administration in
accordance with the principles of the so-called "European administrative space”, ie providing
high quality services to citizens and businesses, as well as creating such public administration
contribute to economic stability and increase the living standard of citizens.

Given that the professional development function aims to bridge the differences between
the existing and desired state of professional competence of public sector employees (Donald,
Kettl, 2000), professional development is an ongoing process aimed at continuously raising
the level of public sector competence. In addition, in addition to establishing a new
organizational culture, a new so-called “learning culture” is being created (Armstrong, 2006).
This idea — the imperative is also directly related to the global requirements of the economy
based on knowledge and the improvement of abilities and skills, which is defined as such by
numerous international documents.*

In order for the function of permanent professional training, ie lifelong learning of
employees in public administration, to achieve maximum efficiency and effectiveness, it is
necessary to use all existing capacities that the public sector currently has or could use. On the
other hand, in the process of realization of plans and programs of professional development of
employees in public administration, they implement the basics of the doctrine of knowledge
management.2 Also, knowledge management contributes to the correspondence of explicit
and tacit knowledge at the level of the individual, group, organization and between
organizations (Ketelaar, 2007). This means that the primary task is to locate employees who
possess tacit knowledge relevant to the job and to keep such employees in the public
administration system with the appropriate benefits of the civil service.

For the purpose of proving the importance of continuity in the professional development of
public administration employees, regardless of external determinants and conditions imposed
by the external environment, it is necessary to point out the importance of the following
components such as: 1) identification of knowledge; knowledge and competencies available
to employees in the public sector); 2) acquisition of knowledge (from existing resources
available to the public sector or "purchase” of knowledge from external sources -
outsourcing); 3) developing knowledge (supporting individual skills and stimulating the
articulation of so-called "silent knowledge™ in order to create new knowledge); 4) sharing and
distribution of knowledge (implies an interactive process of administrative organization and
employees who need improved knowledge and skills); 5) use of knowledge (a key motivating
factor for employees in the public sector, who must have a clear and unambiguous idea of all

1 Let us mention here only a few international documents: 1) “Adult Learning: A Key for the Twenty-First Century”
(Fifth International Conference on Adult Education UNESCO Conference in Cooperation with International Partner,
Hamburg 1997); 2) "Memorandum on lifelong learning, Commission of the European Communities" (Brussels, 2000); 3)
“Education for All: Meeting our Collective Commitments” (Dakar Framework for Action, 2000); 4) "Making a European
area of lifelong learning a Reality" (Communication from the Commission, 21.11.2001, EC DG for Education and Culture
and DG for Employment and Social Affairs 2001); 5) "The Declaration of the European Ministers of Vocational Education
and Training" in Copenhagen 2002); 6) "UN Decade of Education for Sustainable Development" (Resolution of the 65th
General Meeting of the German Commission for UNESCO (DUK), Bonn 2005).

2 Knowledge management involves the use of available resources in order to create an environment in which information
is available to individuals, who adopt, share and use it to develop their own knowledge. In such an environment, individuals
are encouraged to apply their knowledge for the benefit of the organization in which they work. To achieve this, we must first
provide adequate human resources as a source of knowledge through planning, recruiting, selecting and retaining existing
quality staff. Next, we need to create a value system within the public sector that will promote knowledge as a key criterion
for hiring, promoting, valuing and rewarding the work of public sector employees.-
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the benefits that newly acquired knowledge brings on a personal and professional or career
level) and 6) storage of knowledge (structuring and continuous updating of knowledge within
the public sector, in the form of documents and expert systems in which the procedure for
using all data is defined (Stewart, Tensley, 2002)). Finally, modern theory and practice of
knowledge management pay great attention to the concept of permanent professional
development of employees in public administration.3

MODALITIES FOR PROFESSIONAL TRAINING OF PUBLIC
ADMINISTRATION EMPLOYEES

The current regulations governing the topic of professional training in public
administration in the Republic of Serbia (primarily referring to the Law on the National
Academy of Public Administration, the Law on Civil Servants and the Law on Employees in
Autonomous Provinces and Local Self-Government Units) Professional training conducted by
the National Academy of Public Administration is carried out by lecturers, coaches and
mentors accredited in accordance with applicable regulations.

While lecturers conduct their training through oral presentations (usually in the form of
lectures) and interactive contact with students through exercises, creating practical tasks and
answering students' questions, mentors implement a professional development program when,
through group or individual work with participants and in the process performing the work of
their workplace, it is necessary to provide direct support and transfer of complete knowledge,
experience, abilities and skills that the mentor has to work in the field that is the subject of the
program, and which should be acquired by a public servant. Finally, coaches ensure the
implementation of the program by providing support to participants, which is aimed at jointly
or mutually encouraging the exchange of experiences of coaches and students to develop
skills to more effectively solve problems and achieve professional interests and improve
performance in the workplace. self-government.

It follows that the two most common modalities of knowledge transfer are live lectures and
distance learning through the information and instructions provided, using different
technologies and other forms of distance learning "is the definition of distance learning given
by the American Distance Learning Association (The United States Distance Learning
Association).

In addition to the classic distance learning instruments (recorded oral presentations,
PowerPoint presentation and accompanying written materials), there are more and more so-
called webinars that enable: slide show (Microsoft PowerPoint or Apple KeyNote), video
display (whether it is saved in your computer or plays online from YouTube), talk to trainees
(during the webinar, an online telephone service is used - Voice over Internet Protocol that
allows real-time audio communications), recording lectures (with the possibility of delayed
playback of the entire presentation including all audio videos), Chat with participants (written
chat with participants, which is of particular importance for audience members who want to
ask questions) and finally the option of a poll or voting (the ability to create a poll or voting
option, which participants fill out for statistical purposes, and they especially refer to the
expression of satisfaction with the attended training, ie the evaluation of the training itself and
lecturers).

® Activities in the field of professional development of public administration employees include: 1) analysis of training
needs, 2) planning of general professional training, 3) creation of special professional training programs according to the
needs of individual public administration departments, 4) evaluation of implemented activities, 5) reporting and 6 ) providing
continuous and stable sources of financing for these activities..

98



THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE
DEVELOPMENT

For the needs of public administration employees, the National Academy of Public
Administration designed a special Webeck platform for further learning through webinars,
which could influence: automation of webinars (scheduled reproduction to inform participants
that the webinar will start soon, encouraging them to apply immediately; recording of
lectures, interaction between lecturers and exhibitors (live chat, surveys or virtual presentation
board), security (webinar rooms are password protected) and final analytical processing of all
data (report and analytics on the rate of webinar specificity and other quality metrics the
publications themselves).

COMPARATIVE ANALYSIS OF THE PROFESSIONAL TRAINING
SYSTEM IN THE COUNTRIES OF THE EUROPEAN UNION AND THE
REPRESENTATION OF THE DISTANCE E-LEARNING METHOD

Comparative analysis of the system of professional development of public administration
employees, for the purposes of this paper, was performed on a sample of those countries that
meet one of three criteria: the first criterion is the similarity of public administration and the
position of public administration employees the closest to ours and the existence of a central
institution of professional development of employees in public administration, as is the case
in the Republic of Serbia.

Comparative analysis is based only on the processing of available documentation (desk
study). Relevant data were collected through the websites of the ministries in the selected
countries responsible for civil service training issues, as well as through the websites of their
main civil service training institutions. Data were also collected from scientific reports, annual
reports of training institutions and other relevant sources that were available to the authors of
this paper.

Professional training of employees in the public administration of Germany

Similar to the Republic of Serbia, the professional development of public servants is
organized through the activities of the central institution of professional development, ie the
Federal Academy of Public Administration (BAkoV). BAkOV is the most important
institution for the training of civil servants at the federal level in Germany. The academy was
established in 1969 by a decree of the Federal Ministry of the Interior. The decree is based on
a decision of the Federal Cabinet. In terms of organization, the Federal Academy is an
independent part of the Federal Ministry of the Interior. The seat of the Federal Academy has
been located in the premises of the Federal College of Public Administration, located in Brill,
near Bonn, since 1988.

The most important tasks of the Federal Academy are: supporting the policy of the Federal
Government; maintaining and constantly improving the performance of the federal state
administration; improving the quality of narrowly professional and interpersonal skills of
employees in the federal state administration, strengthening their motivation and encouraging
the exchange of ideas and experiences.

The Academy of Public Administration is a partner of federal bodies in charge of
professional development of staff and providing advice; specifically designs its programs in
accordance with the specific needs of clients, current policy goals and the latest achievements
in research and society; supports federal bodies in modernizing and managing change and
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helps federal bodies become “learning” organizations and helps employees more effectively
combine work activities and learning.

Planning and implementation of professional training of employees in public
administration are organized through the work of seven departments, as follows:

Department 1 is in charge of determining new requirements for professional development,
for the development of strategies that will be able to meet such requirements, as well as for
the development of annual programs of professional development and new instruments and
methods of professional development. Department 1 is also in charge of quality management
and evaluation.

Department 2 is in charge of organizing training for the preparation of candidates for
promotion from the position in the higher-middle service to the position in the higher service.
Within this Department, testing of candidates for professional development programs for the
mentioned jobs is also performed.

Department 3 is in charge of professional development of staff in areas related to EU
competencies and international skills.

Department 4 is in charge of professional development of executors and staff development.

Department 5 is in charge of professional development in the field of IT and new
educational methods (e-learning and "blended" learning). This Department has its own
monthly newsletter which contains information on current events and achievements in the
field of information technology and e-learning.

Department 6 is in charge of coordination with the Academy's office in Berlin.

Section 7 is in charge of an advanced training program aimed at promoting international
skills. The department is in charge of policy issues, planning, organization, implementation
and evaluation of professional development aimed at promoting international skills. This
department is also in charge of training foreign civil servants, exchanging staff at the
international level, cooperating with international organizations, as well as applying for
candidates for the French-German academic training program "Master of European
Administration™ which enables the acquisition of an accredited academic degree.

In the scope of the BAkOV training department described above, it was learned that only
one department, namely Section 5, provides training in the field of IT and new learning
methods (e-learning and “blended” learning). The content of training is constantly adapted to
the needs of clients. Training is organized mainly by standard distance learning methods.

Professional training of employees in the public administration of Greece

The National Center for Public Administration and Local Government (E.K. D.D.A.) is a
strategic institution for the professional development and education of civil servants and
employees in local government. The center was established in 1983 as a legal entity and is
under the supervision of the Ministry of the Interior.

The National School of Public Administration (ESSD) has six departments: the
Department of Executive Communication; Department of General Administration;
Department of Social and Health Management; Department of Regional Administration and
Development; Department of Information System Management and Department of Tourism,
Economy and Development.

The scientific staff of the Center, in cooperation with central and local government units,
considers the need for professional development, prepares and conducts training in
accordance with these needs, and within the set goals of the institution.

The training system is implemented through 3 phases. Within teaching phase 1, an
introductory training program lasting 4 months is implemented, and it contains an
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introduction to the basic principles of public administration. Within this module, the
following are studied: public policy and public administration; ethics in public administration;
European political system; electronic administration; research methodology; office business
automation skills; writing, standardization and management of public documents, elements of
administrative law, organization and management of the public sector, public economy and
finally the IT technology system.

Within teaching phase 2, which lasts 9 months, different courses of each department are
realized individually. Only within this phase are distance training realized by standard
working methods.

Teaching phase 3 lasts 4 months. Within this phase, students are assigned to units selected
by the School after their studies on a current topic in the field of public administration.

Professional development of employees in the public administration of the
Czech Republic

The Czech Republic does not currently have an institution in charge of centralized
management in relation to issues - training policy in the civil service. Based on the
Government resolution from 2001, the Institute for Public Administration was established.
The main role of the institute is to provide training for public administration employees. In the
beginning, the institute was under the auspices of the Cabinet of the Government, but later it
was moved under the auspices of the Ministry of the Interior and placed under the authority of
the Deputy Minister in charge of European Union Affairs.

The Prague Institute of Administration prepares all training that it is obliged to prepare in
accordance with Law no. 312/2002 on employees in local self-government units. This
includes: 1) preparation for certification of special professional competencies through an
exam (These competencies are defined by public notification of the Ministry of Interior); 2)
continuous training, with a focus on topics in the field of certification of special professional
competencies and others; 3) training for more experienced employees and managers of
organizational units, in order to master the knowledge and skills needed for management in
everyday situations and 4) training related to e-government.

According to the information from the website of the Ministry of the Interior, which
includes the presentation of the Institute, the Institute of Public Administration presents its
courses in the catalog twice a year and continuously. This consists of regular one-day courses,
e-learning and blended courses and access to the center with independent learning of English,
German and French.

Professional development of employees in the public administration of
Austria

The Austrian Federal Academy of Public Administration, Verwaltungsakademie des
Bundes (VAB), was established in 1976 as a government training institution. The Austrian
Federal Academy of Public Administration provides leadership and management training for
senior civil servants, human resource management and human resource management
programs, general and special programs and training for European integration and public
administration consulting. The academy also provides consulting services and training
courses for civil servants and trainers in Central and Eastern Europe.

The Academy provides external lecturers on the basis of: contact with line ministries,
government bodies and social partners, in order to find civil servants or other experts with
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specific competencies needed for various topics and on the basis of cooperation with
European institutions in various fields.

The Austrian Federal Academy of Public Administration offers a wide range of seminars
and modules - training programs related to the following areas: Basic Competences and
Vocational Training (Grundausbildung), Europe and Language, Human Resources and e-
Government, Management and Leadership Training.

The content can be summarized as follows: The seminars are open to civil servants from
the Member States and officials from European institutions. The Academy also offers a series
of seminars held by partners from other European schools of public administration through E-
learning.

Professional training of employees in the public administration of Lithuania

The Lithuanian Institute of Public Administration (LIPA) is the leading institution for the
training of civil servants, research and consulting in public administration in Lithuania. The
Institute actively cooperates with over twenty foreign institutions and universities and has an
active role in international projects.

The beneficiaries of the Institute are employees of the Seimas Office (Parliament), the
Office of the President and the Office of the Government, ministries, other state bodies and
institutions, districts and municipalities. About 85% of training is provided to civil servants in
ministries and institutions within ministries, the Office and government institutions.

The Institute of Public Administration operates in the following directions: 1) Preparation
and updating of training programs for civil servants; 2) Training of civil servants; 3) Training
and improvement of lecturers' skills; 4) Participation in international programs and projects
related to the development of skills in public administration and the mission of the Institute;
5) Methodological, consultative and organizational support for state and municipal
institutions; 6) Research on training issues in the civil service; 7) Spreading the culture of
state administration; 8) Development of information database and 9) Preparation and
publication of methodological literature.

The Lithuanian Institute of Public Administration provides a wide range of training
programs and modules. In 2008, 20,000 participants attended the training. Due to the financial
crisis, the number of participants decreased dramatically in 2009. The most attended was the
training on the topic of the European Union and in the field of legislation. Senior civil
servants can participate in about twenty courses in total and all this training is offered by the
Institute. Most training programs are short-term training.

In addition to key training in the field of financial resources management; transparency and
anti-corruption; globalization; change management; administrative capacity building
programs; leadership and development of human resource management skills and
development of individual management skills; European Union regional policy and
management of EU funds are represented (as a separate entity) and E-learning programs

Professional development of employees in the public administration of
Norway

Although Norway is not a member of the European Union, the system of professional
development of employees in the public administration of that country is at a very high level.
In addition, in the past 20 years, the Government of Norway has made a great contribution to
the modernization of public administration in the Republic of Serbia through the action of the
Agency for Public Administration and Electronic Administration - Difi.
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Norway Agency for Public Administration and Electronic Administration - Difi is the main
institution in charge of central training in the civil service in Norway. Difi aims to strengthen
the work of the Government in implementing public administration reforms. The Ministry of
Public Administration, Reform and Church Affairs oversees the work of the Norwegian
Agency for Public Administration and Electronic Administration - Difi.

The Norwegian Agency for Public Administration and e-Government - Difi aims to
continuously improve organizational structures and public administration management,
through coordination of public authorities and services, providing support to human resource
management and leadership training. It should also be noted that Norway is the Agency for
Public Administration and Electronic Administration - Difi Government instrument that
provides state bodies with generic training with an emphasis on the values of public
administration, principles, rules and regulations, internationalization, governance, e-
government, work processes and culture.

Norway The Agency for Public Administration and Electronic Administration - Difi
implements its training through its employees or other civil servants, university professors,
consultants, relevant specialists and international experts. When the Norwegian Agency for
Public Administration and Electronic Administration - Difi contracts training with trainers
from the private sector, there is an obligation to conduct a public procurement procedure in
accordance with the Public Procurement Act.

The main topics of the training are the following: 1) public administration (rules and
regulations, principles, values and ethics, governance, governance systems, change
management and reform processes); 2) leadership and human resource management
(leadership training, change management, mentoring, career planning, empowerment,
diversity, introductory programs / "onboarding”, coach training.); 3) international skills
(Norway in Europe, the EU and the Agreement on the European Economic Area (EEA),
comitology, lobbying, language courses, multilateral and bilateral international negotiations
(simulation), multicultural understanding, study trips.); 4) communication (clear
communication with citizens, public sector communication policies, Norwegian for foreigners
in the public sector.) 5) information and communication technologies (ICT) (common
information and communication architecture, development of electronic services,
management of ICT projects in the public sector.) ; 6) public procurement (courses, seminars
and conferences for different target groups in public procurement); 7) economic management
(organized by the Norwegian Government Agency for Financial Management (rules and
regulations for economic management in the public sector, risk management, productivity
measurement, budgeting, accounting, evaluation, management by objectives.) And 8) On-line
courses - E-learning (introductory programs for different target groups, progress planning
program, value-play for management teams.

This concise analysis shows that there are large differences in the content of training in the
civil service, with certain "basic contents” that occur in all countries: laws on public
administration and systems, training on leadership skills, human resource management,
economic system / budget, international skills, knowledge and skills related to the EU,
communication and media. Most countries also have training programs designed to "develop™
careers. Individual topics can be more or less the same as in separate training, where they are
combined in a way that includes the necessary knowledge and skills intended for further
career development and are often elaborated in a more detailed way.
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Also, there are large differences in the duration of the training, with most training lasting
only a few days. All institutions in charge of organizing the training considered in the analysis
have a wide range of short-term training, but they also organize longer training programs
based on the form of modules, this especially refers to training programs in the field of
leadership skills development.

ON-LINE TRAININGS OF PUBLIC ADMINISTRATION EMPLOYEES IN
THE CONDITIONS OF THE COVID 19 PANDEMIC IN THE REPUBLIC
OF SERBIA

For the purposes of conducting online training through webinars, public administration
employees had at their disposal an LMS platform for distance learning through webinars. The
LMS platform has several modules key to the quality of training, such as: 1) module for
creating administrators (allows creating accounts with full and limited privileges. This
function allows administrators to restrict access to the platform to only certain functionalities
of the platform.); 2) module for general adjustment with the following options such as:
insertion of logos, favicons and titles of the platform, insertion of links to social networks or
editing of the title page, ie selection of the color scheme for the appearance of the platform; 3)
module for sending notifications / emails that enables: creation of predefined templates,
manual and automatic sending of emails. Review of sent emails, mark of success of sent
emails and export overview of sent emails; 4) a module for displaying changes to the system
and 5) a module for language settings that enables: creating new languages, editing existing
languages; delete existing languages; language selection while working on the platform; 6)
user creation module that enables user creation and user search, which enables: user editing,
creating user groups, importing and exporting users, summarizing user data (user email,
username, password, name, surname, contact phone) and others data that more closely
identify the user; 7) a module for creating courses that enables: creating new courses, editing
and deleting existing courses, creating tests to check the acquired knowledge of students and
an instant view of the course layout; 8) content entry module that allows: adding text (.doc
and .pdf), HTML, Powerpoint (.ppt) and video (.mp4) content, defining the name and
description of the content, as well as defining the corresponding image / icon and allows or
prohibits or permission to download files and finally 9) module for creating tests that allows
defining the name and description of the test, questions with one correct answer, questions
with multiple correct answers, open questions with entering answers, setting a passing
threshold or minimum success in taking the test, allowed time for solving the test and quoting
questions - choosing questions by random selection from the library of questions.

For the authors of this paper, a special reporting model was of special importance. Namely,
this module enables the following general reports related to: the total number of users who
completed the training, the total number of users who successfully passed the test, the total
number of correct answers to the question and / or the total number of incorrect answers to the
question. In addition, this module provides the following individual reports, which helped the
authors of this paper to summarize the indicators of their research, which relate to leading the
administration of the participants and their results and monitoring the available resources used
for online training.

During the first wave of the Covid 19 pandemic, ie during 2020, public administration
employees attended training in the classic classroom 58 trainings, in the virtual classroom 183
trainings, online courses 10 and online trainings 18. So, a total of 269 trainings were attended
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by 12,559 participants with the engagement of a total of 149 lecturers. On-line trainings were
realized through a specially designed LMS platform.

Regardless of the general environment, which was accompanied by a justified fear of
infection with the Covid 19 virus, changes in the regime of daily work engagement and the
like, observed by months, during 2020 the number of webinar participants was mostly equal.

Figure 1. Number of webinar participants during 2020
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Figure 2. Number of organized webinars during 2020
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A comparative analysis of the data from the presented graphs shows that an average of 37
participants attended each webinar. At 59 webinars, the number of participants was up to 15,
at 32 trainings there were 16 to 25 participants and over 26 participants were present at 178
trainings.

Given the presented data, for the purposes of this paper, an analysis of the satisfaction of
participants and the success of the webinars was performed. The general criterion for the
evaluation of the program is the achieved effect of professional training on raising the level of
competencies (personal progress) and on performing tasks in public administration
(professional performance). Specific criteria for evaluating the program were: satisfaction
with the implemented program (reaction); acquired new knowledge and skills (learning);
influence on behavior change (behavior); application of acquired knowledge and skills in
work (results).

These criteria were taken from the methodology of research into the effects of the
Government Human Resources Management Service professional development program,
which were related to: the acquisition and application of knowledge and skills; by changing
attitudes and behaviors; career development; motivation for further professional development;
professional contact between the lecturer and the trainee and the organization of the training.

According to the presented criteria, the following indicators were obtained:

1) In relation to the expectations of the participants, the grade "fully" was given by 81.14%
of participants;
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2) self-assessment of knowledge before and after the training was assessed by the
participants as +1.12 difference

3) the length of the training was assessed by the participants as “long enough” by 85.08%
of the participants;

4) the applicability of the newly acquired knowledge was assessed by the participants with
a grade of 3.60

5) the efficiency of the training organization was assessed by the participants with a grade
of 3.79.

From the above, there was a general assessment of the trainings, which the participants
rated with a score of 3.70.

If we keep in mind that the webinars were a novelty in the implementation of trainings,
both for lecturers (98 of them) and for participants, 12 lecturers were graded 4.00; 82 lecturers
were graded over 3.50, while 4 lecturers were graded between 3.00 - 3.50. No lecturer was
given a lower grade below 3.

CONCLUSION

The process of permanent professional training of employees in public administration is a
multi-required process that is accompanied by certain risks. On the one hand, the challenges
are on the trainees themselves (motivation, commitment and finding adequate motivation),
and on the other hand, the challenges and risks are on the side of the training organizers.
When extraordinary circumstances such as a pandemic are added to this, which shifts from
one common method of work to the field of virtual training, it is clear that the process of
professional development requires constant innovation. As practice has shown, online
trainings (standard and / or webinars) are not sufficiently represented in the system of
professional development of public administration employees. Namely, compared to previous
years, it is noticeable that webinars were an unknown form of education, while n-line
trainings were quite sporadic. In addition, it was noticed that the training of public
administration employees is mostly reduced to a living word, while materials (records, written
documents, tests for knowledge testing and other aids) are not available to public
administration employees.

In order for this situation to change, it is necessary to first improve the technical
conditions. This refers to the improvement of the online training platform that would fully
support the posting of materials in various formats: Word document, pdf document, short
descriptive HTML, video file in mp4 format with subtitles in Vtt format. The latter would be
extremely important in cases of hiring foreign experts.

In addition, in addition to these types of materials, the possibility of adding SCORM
packages, tests, surveys and webinars as part of online training should be improved.
According to the experience with online training provided by the private sector, an online
training platform enriched with the SCORM package would enable the creation of interactive
online training. To create them, an independent authoring tool is needed, which would enable
the following settings: to which group of participants the training is available in which time
period, options for unlocking - locking the material (reviewing which material unlocks the
ability to view the next material, setting / adding notifications) are sent en masse to users,
adding sections within the training, the appearance of the certificate - confirmation of
completed training and the like.

Furthermore, it is recommended to further improve the Live conferencing - Webinars
module, as a module that enables live lectures. The lecturer is recorded with a camera and / or
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microphone, and the participants can watch / listen to his lectures on their screens. In addition
to this, the main functionality, modules of this type can also contain the following options: 1)
the lecturer can use a virtual board for drawing and writing, 2) the lecturer can easily display a
picture of his computer screen, 3) the lecturer can receive and accommodate students from the
virtual room, 4) the lecturer can "give the floor" to a student who will address the group
through a microphone, 5) participants can type different types of questions and comments, 6)
the lecturer can make a survey for a particular topic within the lecture and / or 6) that the
entire lecture can be recorded for further archiving and broadcasting as needed by the
participants.

Finally, two more modules are recommended: the Gamification module and the Coach &
sharing module (Forum). The gamification module (an example of the popular application for
learning foreign languages Duolingo is an excellent example of gamification in learning, with
a developed system of awards, badges and levels in learning), which would increase student
motivation and result in faster and better knowledge acquisition. With the help of different
types of games, points, badges, nicknames and prizes that are implemented in the learning
process on the platform, participants are placed in a competitive environment that awakens
their competitive spirit. With the help of gamification, users have an additional motive in
learning, but also in contributing knowledge to the entire community. The Coach & sharing
module would enable communication between all participants in the education chain in a
creative and interactive way. This would allow each participant of online training, during the
training, in an intuitive way, to ask a question, comment or contribute their knowledge and
experience in a given topic that will be available to all current and future participants. Thus,
for example, a participant in some part of the theoretical training could, through his
commentary, offer an excellent solution from practice, and at the same time attach a
document made for the solution of the mentioned situation.

The authors of this paper are of the opinion that the proposed ideas would improve the
process of professional development in public administration and that permanent professional
training available to all employees in public administration with the proclaimed idea would
come to life in practice at full capacity.
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ABSTRACT

The paper provides insight into the behavior of non-ferrous and precious metal prices on the
London Stock Exchange during the health crisis caused by the spread of coronavirus in the period
from February 10 to December 31, 2020. As COVID-19 has overshadowed all other media events and
caused instability and unpredictability in the stock markets, the aim of the paper is to determine, using
multiple linear regression, to what extent the 8 defined factors, total confirmed cases of COVOD-19
infection (Confirmed), total deaths (Deaths), coronavirus panic index (CPIl), DailyCases,
DailyDeaths, global fear index (GFI), stringency index (SI), and economic support index (ESI),
influenced the price movement of non-ferrous metals Copper, Aluminium, Zinc, Nickel, Lead, and Tin,
as well as the precious metals Gold, Silver, and Platinum, on the London Stock Exchange. The results
of multiple linear regression indicated a statistically significant positive predictive relationship
between six defined factors and non-ferrous and precious metal prices. Specifically, factors of
Confirmed, CPI, DailyDeaths, GFI, Sl, and SCI, contribute to the oscillation of non-ferrous and
precious metal prices and lead to market instability. As the economic impact of the pandemic is still
uncertain, through an indicative review of current impacts, the conducted research also provides an
opportunity to predict the price of non-ferrous and precious metals in the future.
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Stock market dynamics; COVID-19 pandemic; Multiple linear regression; Non-ferrous metals
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1. INTRODUCTION

The coronavirus that causes respiratory infection was first discovered in the city of Wuhan
in China at the end of 2019, and it spread rapidly in many countries. On March 11, 2020, the
World Health Organization (WHO) has declared a global coronavirus pandemic COVID-19
(WHO, 2020a). Namely, at the time of writing the study, more than 80 million confirmed
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cases of COVID-19 infection have been reported worldwide in more than 200 countries,
resulting in more than 1.82 million deaths worldwide (WHO, 2020b).

In order to stop the spread of the disease and panic and minimize the negative economic
impact, governments around the world have taken actions of lockdown, travel restrictions,
testing, quarantine, and economic packages. The goal of the actions was to ensure the social
distance between people. The direct effect of such a policy is the closure of jobs, schools,
offices, and factories, which has created additional uncertainty regarding their efficiency and
impact. In this context, researchers have used stringency index (SI)! in their papers (Baig et
al., 2020; Greenstone and Nigam, 2020; Thunstrom et al., 2020; Hussain, 2020). Their results
show that despite a direct negative effect on economic activity, social distancing can reduce
the mortality risk. On the other hand, studies such as Heiden and Heiden (2020), Shanaev et
al. (2020), and Zaremba et al. (2020) show that government measures of social distancing are
counterproductive.

According to Ji et al. (2020), one of the most visible effects of the COVID-19 pandemic
and the decline in economic activity, was the drastic drop in the prices of many commodities
on the stock market, as was the case with the price of a barrel of crude oil which fell from
over $65 in early 2020 to less than $20 in mid-April, much lower than during the 2007-2009
economic crisis.

Salisu et al. (2020b), in their study using a panel VAR model, prove that oil and stock
markets can have greater initial and prolonged effects of intrinsic and cross-shocks during a
pandemic compared to the period before. The fall in oil prices was also confirmed in the
research of Albulescu (2020), Torun et al. (2020) i Wu et al. (2020). This is in line with the
studies by Zaremba et al. (2020), Yarovaya et al. (2020), Yin et al. (2020), Corbet et al.
(2020b), which state that COVID-19 caused more dramatic and more frequent daily stock
market changes than any other disease before.

Also, the World Bank (2020) announced a significant drop in the price of other
commodities, such as agricultural products (cereals, edible oils, beverages, fertilizers), metals
(copper, aluminum, and even precious metals other than gold), during the spread of COVID-
19 disease. In addition to the reaction of commodity markets, studies by Goodell (2020), Al-
Awadi et al. (2020), Mazur et al. (2020), Bai et al. (2020), due to the spread of coronavirus,
suggest significant reactions in financial markets as well.

Namely, since the COVID-19 pandemic began, fear and uncertainty have taken control of
financial markets (Lyocsa and Molnar, 2020a). Under such conditions, investors have
changed their economic behavior (Baker et al. 2020) and started trading in panic (Ortmann et
al., 2020).

In times of crisis, the response of government policy, in terms of supporting citizens’
incomes, can also be shown through the economic support index (ESI)2 as in the studies of
Ashraf (2020), Hale et al., 2020b, Lou et al. (2020) and Wright et al. (2020). Their results
indicate that compliance with lockdown orders varies significantly depending on income.

Motivating lower-income people to stay at home can lead to a reduction in the infection
rate. Authors Zaremba et al. (2020) provide evidence that government control measures

! Stringency index (SI) records information on social distancing measures and is coded from 8 indicators
including school closing, workplace closing, cancel public events, restrictions on gathering size, close public
transport, stay at home requirements, restrictions on internal movement, and restrictions on international travel
(Haroon and Rizvi, 2020).

2 The Economic support index (ESI) is constructed from 2 indicators including the government income
support and debt/contract relief for households programs. This index represents government policies regarding
income support to citizens amid crisis (Haroon and Rizvi, 2020)..
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(austerity policy) lead to increased market volatility. Their results indicate that movement
restriction initiates economic losses that will later participate in economic intervention and
relief.

Information on the number of confirmed COVID-19 cases, as well as information on the
number of deaths from coronavirus, expressed in total or on a daily basis, is strongly aimed at
highlighting high-impact events. Similarly, information on infectious disease and the public
health crisis leads to public panic as evidenced in studies (Tetlock, 2007; Su et al., 2017).

Due to this fact, many authors have investigated the impact of various indicators of
coronavirus cases around the world and the stringency of government measures taken on price
movements in the financial and commodity markets, such as coronavirus panic index (CPI)
(Rogone et al. 2020; Haroon and Rizvi, 2020) global fear index (GFI) (Salisu et al., 2020a;
Salisu and Akanni, 2020), stringency index (SI) (Greenstone and Nigam, 2020; Thunstrom et
al., 2020; Hussain, 2020) economic support index (ESI) (Lou et al., 2020; Wright et al.,
2020).

Since COVID-19 has brought extreme uncertainty that could bring the world to the brink
of a terrible crisis, this study investigates how much and to what extent these relevant factors
affect the price movement of non-ferrous metals Copper, Aluminum, Zinc, Nickel, Lead, and
Tin, as well as the precious metals Gold, Silver, and Platinum, on the London Metal
Exchange. On the one hand, the significance of the research goal is reflected in the fact that
stock markets have become extremely unstable and unpredictable. On the other hand, the
COVID-19 pandemic has destroyed many lives and economies of a large number of countries
worldwide.

Our motivation for conducting this research is related to the following facts. First, the
spread of coronavirus in many countries in a short time was very astonishing. Due to the lack
of the right answers concerning health care and general awareness, what started in Wuhan
quickly experienced exponential growth of confirmed COVID-19 cases. The growth of
confirmed cases has caused the epicenter of the pandemic to move from China to the rest of
the world. In an attempt to stop the spread of coronavirus, country governments are asking
people to stay at home and maintain social distance on a daily basis (Wilder-Smith and
Freedman, 2020). Comprehensive and rigorous government actions have created more
uncertainty, worsened confidence, increased risk aversion and deepened turmoil in global
stock markets.

In fact, COVID-19 has introduced great uncertainty into supply chains and especially into
the global metal industry market. The security of the metal supply chain is undermined by the
very fact that China produces about 20 percent of intermediate products that are a critical
element of the global metal and metal products sector (UNCTAD, 2020).

Bearing in mind the results of studies by Conlon and McGee (2020), Corbet et al. (2020a),
Yarovaya et al. (2020), Salisu et al. (2020b) on the influence of COVID-19 on oscillations in
the precious metal market, it is interesting to study how the mentioned factors affect the prices
of non-ferrous and precious metals on the London Stock Exchange.

Another motivation for this study was the fact that life during a pandemic is a new
experience for most of the population around the world. COVID-19 is one of the pandemics
that paralyze not only economies worldwide but also affect people’s psychological
consciousness.

Media coverage tends to highlight events with high impact such as outbreaks of infectious
diseases that lead to public panic (Donadelli et al.,, 2017; Rogone et al., 2020). As the
COVID-19 disease overshadowed all other events in the media and caused instability and
unpredictability in the stock markets, it provides a case for researching oscillations in the non-
ferrous and precious metals market.
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Our study contributes to the literature in the following dimensions. First, the paper adds to
the current literature on the stock market response to the COVID-19 pandemic (Albulescu,
2020; Akhtaruzzaman et al. 2020; Al-Awadhi et al. 2020; Ashraf, 2020; Gkillas et al. 2020;
Haroon and Rizvi, 2020a; Ramelli and Wagner, 2020; Zhang et al. 2020). Second, it expands
very scarce literature in the area of association of panic-related information with market
fluctuations, as evidenced in studies Uhl et al., (2015). Finally, building on financial market
research (Blau et al., 2014; Blau, 2017; Baig et al., 2020), we expand our understanding of the
impact of restrictive government policies on the stability and efficiency of the metal market.

The rest of the paper is organized as follows. After the introductory part, Section 2
explains the data and methodology applied. Sections 3 and 4 present a review and discussion
of empirical results, while section 5 concludes the research.

2. RESEARCH METHODOLOGY

2.1 Sample construction

We started our sample construction by collecting the data on the number of COVID-19
confirmed cases were collected from COVID-19 Dashboard by the Center for Systems
Science and Engineering (CSSE) at Johns Hopkins University (JHU) for the period from
February 10 to December 31, 2020. The cases expressed in daily relative changes were taken
from the Worldometer database.

The data on the total number of deaths were also downloaded from the same site. To
measure panic, following the papers by Blau et al. (2014), Baig et al. (2020), Rogone et al.
(2020), we used Coronavirus panic index (CPI). A Raven pack media monitor places news
from hundreds of different sources and creates a daily index of news levels that cause
hysteria-panic.

We calculated GFI indices using the method presented in the paper by Salisu and Akanni
(2020). The Oxford COVID-19 Government Response Tracker (OXCGRT) database was
used to quantify government responses to the COVID-19 pandemic. Stringency index (SI)
was downloaded from the OXCGRT database.

From the same database the Economic support index (ESI) was taken. Also, official prices
for non-ferrous metals Copper, Aluminum, Zinc, Nickel, Lead, and Tin, expressed in
US$/tonne, as well as the precious metals Gold, Silver, and Platinum, expressed in US$/fine
troy ounce, were taken daily from the London Metal Exchange (LME) site. Figure 1. shows
the instability of non-ferrous and precious metals prices in the considered period from
February 10 to December 31, 2020
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Figure 1. Prices instability of non-ferrous and precious metals, February 10 - December
31, 20

From the data collected in the observed period, data for weekends and public holidays
were omitted, because these data were not published on the LME. For this reason, the data for
other factors available for each day were adjusted to follow the available data on the metals
price on the stock exchange. After data correcting, a sample of 227 cases was compiled for
the observed period.

2.2 Research model

The relationship between independent and dependent variables is examined by regression
analysis, as one of the most used statistical methods, which has great application both in
economics and in other social sciences. In statistical modeling, regression analysis is a set of
statistical methods that reveal whether there are relationships between the observed
phenomena and what they are like by shape (linear, nonlinear, spatial) and direction (positive
or negative).

The applied statistical method enables the prediction and evaluation of one phenomenon
based on the value of another phenomenon (or group of phenomena).In accordance with the
assumption that there is a linear relationship between the independent and dependent
variables, i.e., the relationship can be most accurately represented by a straight line, multiple
linear regression (MLR) is applied in the paper.
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The MLR is a statistical technique that uses several explanatory (independent) variables to
predict the outcome of a response (dependent) variable. The goal of MLR is to model the
linear relationship between the independent variables and the dependent variable.

The MLR model is described by regression equation (1), as:

Yi = o+ BXa+ BoXig +ot BoXip + & (1)
where, for i=n observations:

yi — dependent (response) variable

Xi — independent (predictor or explanatory) variables

0 —regression coefficient of the model (y-intercept)

Bp — slope coefficients for each independent variable

€l — the model’s error term (also known as the residuals)
p — number of independent variables

n — number of observations

The regression model consists of eight independent and nine dependent variables.

The independent variables are:

total confirmed cases of COVOD-19 infection (denoted in the model as Confirmed),
total deaths from COVOD-19 infection (Deaths),

coronavirus panic index® (CPI),

number of confirmed cases of COVOD-19 infection per day (DailyCases),

number of deaths from CORONA-19 infection per day (DailyDeaths),

global fear index* (GFI),

stringency index (SI), and

economic support index (ESI).

Dependent variables refer to non-ferrous metals prices for:
Copper (Cu),

Aluminium (Al),

Zinc (Zn),

Nickel (Ni),

Lead (PDb),

Tin (Sn),

Gold (Au),

Silver (Ag), and

Platinum (Pt).

® The Coronavirus Panic Index (CPI) measures the level of news chatter that makes reference to panic or
hysteria and coronavirus. Values range between 0 and 100 (percentage of all global news about panic and
COVID-19). The higher the index value, the more references to panic found in the media (Haroon and Rizvi,
2020). .

* The global fear index (GFI1) seeks to measure daily concerns and emotions on the spread and severity of
COVID-19 since the pandemic declaration. The GFI is a composite index of two factors; Reported Cases and
Reported Deaths, on a scale of zero to 100, respectively, indicating the absence and presence of extreme
fear/panic (Haroon and Rizvi, 2020)..
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Based on equation (1), the research model is described by the MLR equation (2), as:

Price, = S, + f, - Confirmed, + S, - Deaths, + g, - CPI, + £, - DailyCases,
+ S - DailyDeaths; + g, - GFI, + 5, -Sl, + B, -ESl, + &, i1=1...,n @)

In the research model described by equation (2), the dependent variables Price; represents
non-ferrous metals prices for Cu, Al, Zn, Ni, Pb, and Sn, as well as the precious metals prices
for Au, Ag, and Pt. The explanation for independent variables is as follows. Confirmed
represents the total number of COVID-19 confirmed cases; Deaths represents total deaths
from COVOD-19 infection; CPI represents the coronavirus panic index; DailyCases
represents the number of daily confirmed CORONA-19 cases; DailyDeaths represents the
number of daily deaths CORONA-19 cases; GFI represents global fear index, Sl represents
stringency index, and ESI represents economic support index.

The regression coefficient B0 determines the y-intercept at time zero. The partial regression
coefficients B1 denote the average change of the dependent variable Price when the
independent variable Confirmed increases by 1, and all other independent variables are held
constant.

Analogous to the previous, all other partial regression coefficients from B2 to B8 can be
described. The model’s error terms €i represents a stochastic term, and n is the number of
observations—dependent variables (in the model, n=9).

3. RESULTS

The SPSS software package was used for statistical data processing. Prior to conducting
the regression analysis, it’s essential to check the necessary requirements and assumptions
(linearity, normality, homoscedasticity, multicollinearity). Sample size has a direct effect on
the statistical power of prediction in multiple regression.

To ensure the validity of statistical conclusions, there need to be 20 times more cases than
independent variables. In this model, there are 8 independent variables and 227 cases, and
therefore the predicted requirement is met.

The MLR model is based on the assumptions that there is a linear relationship between the
dependent variables and the independent variables (linearity); that the independent variables
are not too highly correlated with each other (multicollinearity); that yi observations are
selected independently and randomly from the population; that the residues should be
normally distributed (normality) with a mean of 0 and variance o, and homoscedasticity must
be assumed, i.e. that the variance is constant across all levels of the predicted variable.

Analysis of the results obtained on the scatter plot showed that the relationship between the
variables more or less looks linear, which satisfies the precondition of linearity because the
points on the diagrams are grouped around straight lines.

The assessment of the requirements for normality and homoscedasticity was done by visual
inspection of a normal P-P plot and standardized residuals plot (scatterplot). As the data
points along the hypothetical perfect normality line are displayed on the normality plot, the
assumption of normality was met (the residuals are normally distributed). Also, the spread of
data with no apparent patterning within the residual scatterplot suggests that homoscedasticity
Is at an enviable level.

In order to identify the presence of multicollinearity between the independent variables, the
VIF test (Variance Inflation Factor test) and its equivalent - Tolerance test were used. The

114



THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE
DEVELOPMENT

VIF test shows whether one independent variable is strongly linearly related to other
independent variables. If the VIF value is greater than 10, there is a strong presence of
multicollinearity (Bowerman and O’ Connell, 1990; Myers, 1990).

Also, tolerance below .10 is a serious problem that indicates the presence of
multicollinearity. The assumption of the absence of multicollinearity for independent
variables Deaths and DailyCases is violated because the values of “Tolerance” are less than
.10 and “VIF” values greater than 10. This means that the independent variables of Deaths
and DailyCases are omitted from further analysis.

The assumption of the absence of multicollinearity for the remaining six independent
variables Confirmed, CPI, DailyDeaths, GFI, Sl, and ESI is not violated because the values of
Tolerance are greater than .10 and VIF values less than 10.

Also, the results of the analysis confirmed that the independent variables show a significant
correlation with the dependent variables Cu, Al, Zn, Ni, Pb, Sn, Au, Ag, and PT because the
correlation values are higher than the recommended minimum value of 0.3 (Ho, 2006). Also,
it was found that there is a correlation between the independent variables.

After correcting the independent variables, it is concluded that the initial requirements and
assumptions of linear regression are not violated, ie that the data are suitable for regression
analysis. After testing the regression models, the relevant data are shown in Table 1.

Based on the obtained values, it is concluded that the results of the total regression are
significant in all models. The regression coefficient (R) is a measure of association between
the observed value and the predicted value of the criterion variable.

The relative measure of the representativeness of the regression line is determined by the
coefficient of determination (R-square or R2).

Table 2. Results of tested models

Models (Reg.,dF];esid.) F Sig. R R Square Re;;)t/i%i:rfips
Cu (4,222) 578.348 <.0005  .955 911 + very strongly
Al (6,220) 634.712  <.0005 972 .945 + very strongly
Zn (3,223) 950.975  <.0005 .963 .927 + very strongly
Ni (4,222) 795.220 <.0005 .967 935 + very strongly
Pb (5,221) 95,350  <.0005 827 .683 + strongly
Sn (4,222) 339.621  <.0005 927 .860 + very strongly
Au (5,221) 84,375 <.0005 .810 .656 + strongly
Ag (5,221) 100,425 <.0005  .833 694 + strongly
Pt (5,221) 163.034 <.0005  .887 787 + strongly

The R-square is the square of the measure of association which indicates the percentage of
overlap between the predictor variables and the criterion variable, and its value can be
between 0 and 1. The value 0 indicates that the outcome cannot be predicted by any of the
independent variables and 1 indicates that the outcome can be predicted without error from
the independent variables.
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As independent variables statistically predict the dependent variable(s) well, the conclusion
is that the results of the overall regression are significant and that the regression models are
good.

This means that a linear combination of six independent variables: Confirmed, CPI,
DailyDeaths, GFI, Sl, and ESI, is useful for predicting the prices of non-ferrous metals Cu,
Al, Zn, Ni, Pb, and Sn, as well as the precious metals prices Au, Ag, and Pt.

For example, the value R-square of .911 means that the independent variables Confirmed,
CPI, DailyDeaths, GFI, Sl, and ESI explain 91.1% of the variability of the dependent variable
Copper, etc.

Table 2. Multiple linear regressions predicting prices for non-ferrous and precious metals

Unstandardized Standardized

Models Coefficients Coefficients Correlations Collinearity Statistics
B Std. Error Beta t Sig. Zero-order Partial Part Tolerance VIF
(Constant)  5506,399 196,619 28,005 ,000
5 Confirmed  3,579E-5 ,000 ,989 28,084 ,000 ,918 ,883 ,558 ,318 3,146
§ CPI -146,125 13,658 -,226 -10,698 ,000 -,439 -,583 -,212 ,886 1,129
© DailyCases -,047 ,010 -,182 -4,765 ,000 ,668 -,305 -,095 271 3,694
ESI 10,702 3,503 ,073 3,055 ,003 ,367 ,201 ,061 ,682 1,467
(Constant)  1599,798 51,109 31,301 ,000
Confirmed  7,018E-6 ,000 ,951 25,996 ,000 ,905 ,869 ,410 ,185 5,394
2 CPI -11,068 2,979 -,084 -3,716 ,000 -,345 -,243 -,059 ,488 2,051
£ DailyCases -,006 ,002 -,112 -2,935 ,004 ,567 -,194 -,046 171 5,858
< GFI 1,386 ,363 ,095 3,820 ,000 -,191 ,249 ,060 ,403 2,484
Sl -3,047 ,295 -,305 -10,331 ,000 -,418 -,572 -,163 ,285 3,514
ESI 1,948 ,828 ,066 2,352 ,020 ,140 ,157 ,037 ,319 3,133
(Constant)  2159,730 18,115 119,223 ,000
o Confirmed  1,304E-5 ,000 1,004 31,941 ,000 ,942 ,906 ,576 ,329 3,038
N CPI -41,782 4,360 -,180 -9,584 ,000 -,387 -,540 -,173 ,924 1,082
DailyCases -,012 ,003 -,126 -4,086 ,000 ,694 -,264 -,074 ,343 2,912
(Constant)  13205,564 124,167 106,353 ,000
_  Confirmed 7,967E-5 ,000 1,093 28,493 ,000 ,938 ,886 ,488 ,200 5,005
% CPI -273,311 24,637 -,210 -11,093 ,000 -,404 -,597 -,190 ,824 1,214
< DailyCases -,125 ,021 -,241 -5,864 ,000 ,675 -,366 -,101 173 5,769
SI 6,573 2,553 ,067 2,575 ,011 -,184 ,170 ,044 439 2,277
(Constant)  1805,119 61,510 29,347 ,000
Confirmed 1,878E-6 ,000 ,343 3,903 ,000 ,667 ,254 ,148 ,186 5,389
2 CPI -14,862 4,541 -,152 -3,272 ,001 -474 -,215 -,124 ,667 1,499
3 DailyCases ,009 ,004 ,233 2,556 ,011 ,406 ,169 ,097 ,173 5,788
SI -4,171 ,525 -,563 -7,949 ,000 -,473 -,472 -,301 ,286 3,497
ESI 3,648 1,252 ,166 2,913 ,004 ,131 ,192 ,110 444 2,253
(Constant)  16312,937 443,784 36,759 ,000
Confirmed  6,013E-5 ,000 ,933 20,904 ,000 ,863 ,814 ,526 ,318 3,146
-E CPI -347,726 30,828 -,301 -11,279 ,000 -,501 -,604 -,284 ,886 1,129
DailyCases -,093 ,022 -,202 -4,174 ,000 ,610 -,270 -,105 271 3,694
ESI 19,842 7,907 ,076 2,509 ,013 ,353 ,166 ,063 ,682 1,467
(Constant)  1413,335 64,116 22,043 ,000
- Confirmed  4,785E-6 ,000 ,873 9,539 ,000 ,608 ,540 ,376 ,186 5,389
8 CPI -35,503 4,734 -,362 -7,500 ,000 -,384 -,450 -,296 ,667 1,499
DailyCases -,019 ,004 -,480 -5,053 ,000 ,536 -,322 -,199 173 5,788
Sl 3,517 547 AT74 6,431 ,000 225 397 ,254 ,286 3,497
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~ ESI 4,999 1,305 ,227 3,829 ,000 ,603 ,249 ,151 444 2,253
(Constant) 13,760 2,131 6,459 ,000
Confirmed  1,925E-7 ,000 ,997 11,547 ,000 124 ,613 429 ,186 5,389
i; CPI -1,194 ,157 -,346 -7,588 ,000 -,472 -,455 -,282 ,667 1,499
2 DailyCases ,000 ,000 -477 -5,334 ,000 ,509 -,338 -,198 173 5,788
Sl ,058 ,018 224 3,215 ,001 -,068 ,211 ,120 ,286 3,497
ESI ,120 ,043 ,154 2,766 ,006 437 ,183 ,103 444 2,253
(Constant)  1074,378 19,353 55,514 ,000
Confirmed  1,243E-6 ,000 ,322 4,556 ,000 ,656 ,293 ,142 ,194 5,159
5 CPI -20,941 3,075 -,303 -6,810 ,000 -,642 -,416 -,212 ,488 2,048
.E_E DailyCases ,007 ,002 ,245 3,260 ,001 ,400 214 ,101 171 5,857
GFI -1,213 ,318 -,158 -3,817 ,000 -,459 -,249 -,119 ,560 1,786
Sl -2,281 ,257 -,436 -8,866 ,000 -,483 -,512 -,275 ,399 2,505

Note: Only those independent variables that have statistical significance p<=.05 are shown

The data on how much each independent variable in the model contributed to the
prediction of the dependent variable are shown by standardized coefficients in the Beta
column in Table 2.

For example, for the dependent variable Copper, the standardized Beta coefficient for the
independent variable Confirmed is +.989, for CPI is -.226, for DailyCases is -.182, and for
ESlis +.073.

This means that the independent variable Confirmed contributes the most to explaining the
dependent variable Copper (Cu). This is followed by the independent variables CPI,
DailyCases, and ESI. An analogous conclusion can be made for other models, too.

Based on the data presented in the Sig column, it can be determined whether the
independent variable makes a statistically significant unique contribution to the equation.

This tests whether the unstandardized (or standardized) coefficients are equal to 0 (zero) in
the population. If p<.05, it can be concluded that the coefficients are statistically significantly
different from O (zero).

Table 2 shows only those independent variables that give a unique and statistically
significant contribution to the prediction of the results of the dependent variables.

The t-value (t-statistic/test) and corresponding p-value are located in the “t” and “Sig.”
columns in Table 2, respectively. For the sake of clarity, Table 3 shows the impact of nine
independent variables on eight dependent variables. The pluses indicate a statistically
significant contribution to the prediction of the results.

The actual relationship between the dependent and independent variable can be
approximated by a regression model, ie a linear regression equation. To create a linear
regression equation, the unstandardized coefficients shown in column B in Table 2 are used.

Unstandardized coefficients indicate how much the dependent variable varies with an
independent variable when all other independent variables are held constant.
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Table 3. Influence of independent variables on the prediction of dependent variables

Independent variables

Total Total Dail Dail
Models Confirmed Deaths CPI Casei Deatlz/s GFl S| ESI
" Cu + + + +
= Al + + + + + +
2 Zn + ? + ? +
E Ni + § + § + +
é Pb + = + = + + +
8 Sn + = + £ + +
2 Au + S + S + + +
Ag + + + + +
Pt + + + + +

For example, the form of the equation to predict Price for the dependent variable Copper is
shown by relation (3).

Price; = 5506.399+3.579-10° - Confirmed, —146.125-CPI, 3)
—0.047 - DailyCases, +10.702- ESI,

Results interpretation of the MLR equation is as follows. The parameter f0=5506.399
represents the predicted price for Copper at the beginning of the research (at time zero).

The unstandardized coefficient f1=3.579-10-5 represents the expected increase in Copper
price with an increase in the number of infected per unit value, or US$ 35.79 per tonne per
1,000,000 of COVID-19 Confirmed cases.

It can be noticed that the coefficient for the independent variable CPI is negative, which
means that the regression is reversed, ie with increasing value for CPI, the price for Copper
decreases.

Due to this fact, the model predicts that the Copper price will drop by US$ 146.125 per ton
after the increase in CPI per unit value.

Also, a similar conclusion can be reported for the independent variable DailyCases. The
model predicts that the Copper price will drop by US$ 0.047 per ton after the increase in
DailyCases per unit value.

Finally, the model predicts that the Copper price will increase by US$ 10.702 per ton after
the increase in ESI per unit value. Inferences can be drawn analogously for all other models.

4. DISCUSSION, IMPLICATIONS AND LIMITATIONS

The growing number of reported COVID-19 cases and deaths increases fear for health,
which at the same time has an impact on global economic activities The idea of using panic
and fear for the health and existence of people, to explain stock market fluctuations is
certainly not new, but it is supported by several facts. Large events, such as a pandemic, often
overshadow all other events in the media (Mairal, 2011). Using evidence from the psychology
literature, Barberis et al. (1998); Ederington et al. (1996) show that financial markets
overreact to a consistent news pattern, although the statistical weight of such news should be
low. For example, a study by Mitchell and Mulherin (1994), found a weak or moderate
relationship between the amount of news and activity (volume, variability, prices). However,
as the world became more connected and information flows became almost instantaneous, the
interpretation and decision-making based on information became a sustainable trading
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strategy in many markets (Grof-KluBmann and Hautsch, 2011). Given the impact of other
past events that are in a way similar to COVID-19, the academic community continues to seek
risk management strategies (Ji, et al., 2020; Conlon and McGee, 2020; Corbet et al., 2020Db),
or resources that have a relatively better performance than others during the crisis period
(Broadstock et al. 2020).

Each crisis has its specific drivers. Unlike the COVID-19 pandemic, earlier health crises
did not lead to social distancing, which could be one of the main reasons for panic and fear,
and therefore, stock market negative reactions, as evidenced in the studies of Goodell, (2020)
and Rogone et al. (2020). The results of their studies suggest significant reactions of the stock
market in the new flare-up of COVID-19.

Similarly, the results of a study by Haroon and Rizvi (2020b) that used the Coronavirus
Panic Index (CPI) in their study indicate that the panic generated by news related to
coronavirus leads to instability in the stock market. The growing number of reported COVID-
19 cases and deaths increases fear for health, which at the same time has an impact on global
economic activities. Therefore, for research into market variations resulting from the COVID-
19 pandemic, the global fear index (GFI) is extremely helpful (Salisu et al., 2020a; Salisu and
Akanni, 2020).

Namely, the study of panic and fear on the stock market during the COVID-19 pandemic
provides a unique opportunity because it has affected almost all countries in the world, but at
different times and to different degrees. An additional reason is that there is a big difference in
the time of the outbreak and the severity of the events that cause panic in various locations.
Finally, governments have established various policies and taken different measures at
different times and with different severity. In order to stop the spread of the disease and panic
and minimize the negative economic impact, governments around the world have taken
actions of lockdown, travel restrictions, testing, quarantine, and economic packages.

News of the number of confirmed cases burdened with panic shows a negative reaction of
stock exchanges, which has been confirmed in numerous studies (Baiga et al., 2020; Baig and
Sabah, 2020; Nicomedesa et al., 2020; Umar and Gubareva, 2020; Lyocsa et al., 2020b; lyke,
2020a, 2020b).

Also, an increasing number of reported cases and deaths COVID-19 that cause fear is
linked to growing instability in stock markets (Haroon and Rizvi, 2020b, Salisu et al., 2020a).
Finally, governments have established various policies and taken different measures at
different times and with different severity.

Government reactions such as job closures or restrictions on movement to stop the spread
of infections are seriously affecting the metal industry market, and thus the global economy.
In addition to instability in the stock market, our results also confirm that various indicators of
coronavirus cases around the world and the seriousness of the state measures lead to
instability in the metal market as well.

By monitoring the behavior of non-ferrous metals prices in the London Stock Exchange
and the reactions to the events related to the spread of COVID-19 disease from February 10 to
December 31, 2020, it can be noticed that some significant changes took place.

The results of the conducted research confirm that there is a linear relationship between the
independent variables Confirmed, CPI, DailyCases, GFI, SlI, and ESI and the dependent
variables Cu, Al, Zn, Ni, Pb, Sn, Au, Ag, and Pt.

Based on the values of the regression coefficients (R), shown in Table 1, it can be noticed
that there is a very strong positive linear relationship between certain independent variables
and prices for Cu, Al, Zn, Ni, and Sn, because the Pearson correlation coefficient values of the
models are .955, .972, .963, .967, and .927, respectively.
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Also, there is a strong positive linear relationship between certain independent variables
and prices for Pb, Au, Ag, and Pt, because the values are .827, .810, .833, and .887,
respectively.

The values of the explained variability of the dependent variables Cu, Al, Zn, Ni, Pb, Sn,
Au, Ag, and Pt the corresponding independent variables are 91.1%, 94.5%, 92.7%, 93.5%,
68.3%, 86.0%, 65.6%, 69.4%, and 78.7%, respectively.

Based on equation (2), the predicted market price of Cu, Al, Zn, Ni, Pb, and Sn, with an
increase in the number of infections to 90,000,000, an increase in CPI to 4, an increase in
DeilyDeaths to 20,000, an increase in GFI to 55, an increase in Sl to 60, and an increase in
ESI to 60 would be US$ 7,807; US$ 2,065; US$ 2,914; US$ 16,998; US$ 2,062; and the US$
19,623 per tonne, respectively, i.e. US$ 1,838; US$ 23.83; and the US$ 23.87 per fine troy
ounce of Au, Ag, and Pt.

The spread of the COVID-19 pandemic has caused unprecedented instability in stock
markets and economic policy uncertainty, which overcome the crises recorded in December
2008, October 1987, and in 1929. Sharif et al. (2020) noted in their study that the effect of
COVID-19 is often compared to the 2008 Global Financial Crisis (GFC), which was
investigated in the literature of Bekiros (2014), Luchtenberg and Vu (2015).

Mass quarantines around the world and other protection measures that the governments of
the countries implemented in order to prevent the spread of the virus and protect the health of
their citizens, have made it impossible for people to move. As a consequence, there has been a
decline in economic activity that affected all branches of the economy, some to a greater, and
some to a lesser extent (Baldvin and Veder di Mauro, 2020; Ramelli and Vagner, 2020). The
results obtained indicate that the spread of the COVID-19 pandemic has caused
unprecedented instability in stock markets and economic policy uncertainty, which overcomes
the crises recorded in December 2008, October 1987, and 1929. Sharif et al. (2020) noted in
their study that the effect of COVID-19 is often compared to the 2008 Global Financial Crisis
(GFC), which was investigated in the literature of Bekiros (2014), Luchtenberg and Vu
(2015).

4.1 Implications

The COVID-19 pandemic presented a unique challenge for authors and inspired a new
stream of literature focused on the impact of the pandemic on commodity markets. The main
challenge for authors is the fact that COVID-19 disease differs from other pandemics in terms
of scope and nature. In this way, our research contributes to the initial and insufficient
literature, ie we document how the non-ferrous and precious metals market has reacted to the
panic and fear caused by the spread of information about the coronavirus.

In addition, analyzing the impact of government measures of social distancing on price
variations of non-ferrous and precious metals can help design a better government response in
the future. The scientific literature has been expanded through the contribution to economic
theory.

The fact that the long-term effect of government action has yet to be seen while discussing
the dynamics of the COVID-19 pandemic, this study had the ambition to provide knowledge
and information relevant to metal market participants as a contribution to the community.
Assuming that our study is the first to discuss the predictive power of Google searches
regarding the volatility of non-ferrous and precious metal prices in the stock market during
the COVID-19 pandemic due to the spread of panic-causing information, it makes a special
contribution to the scientific literature in this area.
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Our findings also provide information of great importance for predicting the behavior of
non-ferrous and precious metal prices during a period of global economic and financial
distress. Therefore, considering key attributes and planning measures would reduce the
uncertainty and panic that leads to price volatility in the stock market. Thus, considering the
characteristics of the pandemic and the assumption that price stability in the metal market
depends on the degree of COVID-19 control in the future, it may be the basis for some future
research.

4.2 Limitations

The purpose of the study was to investigate the relationship between eight defined factors
and the prices of non-ferrous and precious metals on the London Stock Exchange. As no
research is free from its own limitations, this research also has its own that may have
influenced the results. The first limitation of the study is the inclusion of eight independent
variables in the model. In addition to the independent variables considered, future studies
could include the Coronavirus Fake News Index, as well as, other indices. Another limitation
of the study is the applied methodology. Namely, the adopted statistical approach in the paper
was multiple linear regression. Therefore, in order to examine the impact of COVID-19 on the
movement of metal prices in the market, future studies could apply other approaches, such as
VAR methodology and Panel data analysis. The third limitation of the study is the research of
only non-ferrous and precious metals on the London Stock Exchange. Finally, the fact that
this pandemic has imposed so many security protocols, the limited literature on the subject of
analyzing information that generates panic in commodity markets, is another limitation of the
study. Assuming that the general public seeks more information about the virus on the
Internet which causes additional panic, the authors want to expand the scope of the research
and give new light on how information about the public health crisis is relevant to serious
market fluctuations.

Given the limitations, this research is an attempt by the authors to expand the insufficient
scientific literature and indicate that there is room for future studies. Further research in the
area stems from the authors’ expectations that these limitations will not adversely affect the
applicability or usefulness of the study result.

5. CONCLUSION AND RECOMMENDATIONS

This paper is an attempt to present in a comprehensive way the implications of the
COVID-19 outbreak on the metal market. In this context, the aim of the paper was to
determine the impact of COVID-19, ie eight defined factors on non-ferrous and precious
metal prices on the London Stock Exchange. By monitoring the behavior of non-ferrous and
precious metal prices, it is clear that they change significantly in response to the events related
to the spread of coronavirus and government announcements action. The results of multiple
linear regressions show that from February 10 to December 31, 2020 factors Confirmed, CPI,
Daili Deaths, GFI, Sl, and SCI lead to market instability.

The instability of the metal market within this research is reflected in the oscillation of
prices of non-ferrous and precious metals. The analysis of the impact of information on the
public health crisis and restrictive government measures on market stability and efficiency
enables the MLR model prediction of market prices for non-ferrous and precious metals. As
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the stock markets have become extremely volatile and unpredictable, the authors suggest the
need to establish a strong coordinated global response to future similar health crises.
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ABSTRACT

One year of the crisis under COVID-19, resulted in a rational response of small and medium
enterprises (SMEs), in terms of activities aimed at preserving liquidity, and strengthening profitability.
This paper investigates the adaptation and response of Serbian SMEs to the COVID-19 pandemic. The
developmental orientation of SMEs, in which innovations, improvement and adaptation of business
models play a significant role, provides growth in post-COVID-19 conditions. The paper contributes
to decision-makers, who need to consider the drivers of profitable SME business in post-COVID-19
conditions, in order to improve the macroeconomic environment, and support them in providing
financial and other necessary resources.
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1. INTRODUCTION

The unexpectedly large pandemic spread around the world during the first half of 2020. It
was identified as a new coronavirus (severe acute respiratory syndrome Coronavirus 2, or
SARS-CoV-2), and was later named Coronavirus Disease-19 or COVID-19 (Qiu et al. 2020).
The coronavirus originated in Asia but spread rapidly in Europe and other parts of the world,
resulting in a global economic downturn greater than the great recession that followed the
global financial crisis during 2008-2009 (UNCTAD, 2020). COVID-19 first appeared in the
city of Wuhan in the Chinese province of Hubei, and then quickly took over the world,
resulting in human casualties and enormous economic damage. In early April 2021, there
were over 130 million confirmed cases of COVID-19 infection worldwide, with over 2.8
million deaths (World Health Organization, 2021).
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The crisis caused by the COVID-19 pandemic has a strong impact on companies,
employees and the way they operate, which requires radical government measures to reduce
business losses and survival (Shafi et al. 2020). Remote work, almost completely canceling
business trips, holding online meetings using various applications, greater work engagement
on digital platforms, have become part of everyday business (Atilgan, 2020). COVID-19
crisis is characterized by a high degree of unpredictability, difficult planning of preventive
activities in organization, which endangers the survival and sustainable business of
companies, jeopardizes their goals, and requires rapid responses (Gostin, Wiley, 2020). SMEs
in particular are very vulnerable to the crisis, as they generally do not have a crisis plan that
would allow them to survive during a pandemic caused by COVID-19 (Alves et al. 2020).
COVID-19 crisis has a strong impact on SMEs’ business revenue, especially of
manufacturing companies, due to endangered employee health and their frequent absence, and
difficult access to financial capital (Marinovic Matovic & Lazarevic, 2021).

Managing crisis in SMEs is a process that results in a relative success and failure, where no
organization achieves a fully effective or completely ineffective response to the crisis
(Pearson, Clair, 1998). Managing crisis in SMEs requires the adaptation of standardized
procedures, and the creation of new business models for their implementation (Dynes,
Aguirre, 1979).

The paper analyzes the SMEs’ attitudes on the government support measures they expect,
with the aim of surviving the COVID-19 crisis; as well as their opinion on other most
important activities to help this sector. The research also covers the interests of SMEs in the
field of government support, to help the most vulnerable organizations, those who are most
intensively affected by difficult business conditions. Based on the review of applied and
expected measures, proposals and recommendations are given for SME management and
decision makers, in order to improve the macroeconomic environment, and to preserve
business continuity and development of the SME sector in crisis conditions.

2. LITERATURE REVIEW

COVID-19 pandemic has serious socio-economic effects (Atilgan, 2020). COVID-19 has
caused negative effects in business and social life, especially in industries such as tourism,
aviation and stock exchange transactions. The pandemic, which has spread around the world,
has caused a global economic shock in the form of a decline in international trade, a reduction
of foreign direct investments, a downfall in the volume of production and employment at the
global level (Lazarevic, 2017). Developed national economies responded with different
packages of measures to preserve and stimulate the business, while underdeveloped and
transition countries had limited opportunities to act, due to already burdened budgets
(UNCTAD, 2020).

Under the influence of the crisis caused by the COVID-19 pandemic, a large number of
SMEs suspended their operations and reduced the number of employees, which leads national
economies to new crises with serious socio-economic consequences (Nicola et al. 2020). To
manage the crisis, many organizations have digitized their business processes, which at the
same time provided a safe work environment for their employees (Atilgan, 2020). In addition
to the development of alternative work procedures, in order to maintain business continuity,
the danger of the spread of the COVID-19 pandemic required the fulfillment of health and
safety protocols (Cora, 2020). Internal communication in crisis conditions should have been
conducted in a timely and correct manner, with employee support programs. During the
COVID-19 crisis, the importance of proper communication with consumers, employees,
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suppliers, investors, regulatory institutions and other stakeholders was emphasized. Proper
communication included, among other things, the introduction of timely notification of the
effects of the crisis on the continuity of delivery of services and products, which may be
jeopardized due to possible interruptions in supply and production (Atilgan, 2020). Proactive
communication and taking quick action helps mitigate the negative effects of the COVID-19
crisis, and protect the organizational reputation (Wang et al. 2020).

SMEs are much more exposed to pandemic risks than large organizations (Levashenko,
Koval, 2020). The impact of the COVID-19 crisis on SMEs is particularly strong due to their
presence in sectors most affected by the crisis (International Trade Center, 2020). Limited
resources and insufficient liquid assets available to SMEs make them particularly vulnerable
to crisis conditions, reflecting the risk of their possible permanent closure due to the negative
impact of the COVID-19 pandemic. Rathore and Khanna (2020) found in their research that
up to 70% of small businesses believe that restricted movement measures will lead to the
cessation of their business within three months.

Organizations that react quickly and adapt to unpredictable circumstances, are
characterized by flexible and direct guidelines in operational activities, and properly
distributed workforce, which allows them to survive in times of crisis (Ganatra et al. 2020;
Lazarevic 2019). Morales et al. (2020) pointed to the importance of optimal administrative
procedures in SMEs during the COVID-19 crisis. Prohorovs (2020) emphasizes the need for a
clear understanding of the specifics of the COVID-19 crisis, so that organizations can adapt
more quickly to the new situation, and reduce the harmful effects.

If SMEs adequately manage crises, and perform timely planning, they will maintain
profitable operations in crisis conditions (Irvine, Anderson, 2006; Munoz et al. 2019). The
role of managers in crisis business conditions is crucial for organization (James et al. 2011).
Professional management and the quality of human capital are crucial for SMEs in crisis
business conditions (Tannenbaum, Schmidt, 1957; Perkings, Murphy, 2013). Dent et al.
(2018) also confirmed in their studies that effective crisis management is of great importance
for the appropriate organizational response and overcoming the crisis challenges. This
achieves a timely organizational response, and the application of adequate crisis management
(Ansell et al. 2010), which leads to sustainable business, new opportunities and directions of
development (Kuckertz et al. 2020).

3. COVID-19 ECONOMIC MEASURES IN THE REPUBLIC OF SERBIA

The package of measures implemented by the Republic of Serbia, in response to the
COVID-19 pandemic, was extensive and directly focused on the economy and business
relaxation (Official Gazette of the RS, 2020a). Through the package of measures, the most
important suggestions of Serbian businessmen were accepted. The measures primarily
affected liquidity, which was the most important due to the conditions of uncertainty, and
unpredictable cashflow and sales (Marinovic Matovic & Vemic Djurkovic, 2021).
Prolongation of payments, such as contributions, led to more relaxed business operations
(Djakovic, 2020). Defining and adopting support measures by the Republic of Serbia, relied
on the positive experiences of developed economies and surrounding countries. Requirements
and proposals of businessmen associations were also accepted (Marinovic Matovic & Vemic
Djurkovic, 2021).

The Government of the Republic of Serbia has implemented fiscal measures aimed at
reducing the negative effects caused by the COVID-19 pandemic, which was the priority of

129



ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

three sets of measures (Ministry of Economy, 2020). The first group of measures included the
prolongation of tax liabilities, and installments repayment, till the beginning of 2021. The
second set referred to the direct support for SMEs and entrepreneurs, as well as to subsidies
for large companies, for maintaining the current employment level. The third set was aimed at
maintaining liquidity through loan and guarantee programs of commercial banks (Milanovic
& Kolar, 2020). The main goals of proposed measures were: economic load reduction in the
short term, stabilizing the decline of macroeconomic indicators, such as the unemployment
rate, and encouraging the medium-term demand, after the abolition of restrictions caused by
the pandemic.

Measures of the Government of the Republic of Serbia were aimed at small and medium
enterprises and entrepreneurs, as well as large companies, and included three benefits: fiscal
benefits, direct subventions, and measures to preserve liquidity (Djokic & Rilakovic, 2020).
These measures were prescribed by the Decree on fiscal benefits and direct benefits to
business entities (Official Gazette of the RS, 2020a), and were intended for privately owned
companies, which have not reduced the number of employees by more than 10% since the
beginning of the pandemic.

The government measures prescribed by the Decree, among other things, included
(Marinovic Matovic & Vemic Djurkovic, 2021)

e Postponement of maturity of taxes and contributions on salaries until the beginning of

2021,
e Postponement of the monthly advance payments of income tax, until the final
calculation of income tax for 2020,

e Payment of non-refundable funds in the amount of the minimum monthly net salary per

employee,

e Subsidized loans disbursed through the Development Fund of the Republic of Serbia,

with an interest rate of 1% per annum,

e State guarantees for loans approved by commercial banks,

e Issuance of debt securities under a simplified procedure.

At the macroeconomic level, in the hospitality, tourism and transport sectors, SMEs have
felt a significant negative impact of the crisis, as a result of demand constraints. Given the
importance of these sectors in the economic structure of the Republic of Serbia, and the
further development of crisis conditions, special government support measures have been
implemented, in the field of liquidity, fiscal and other facilities. State support implied special
conditions for these three sectors, additional benefits in relation to the already implemented
set of measures to support the whole economy.

SMEs in the hospitality, tourism and transport sectors, unlike others, could count on
support, although they have reduced the number of employees by more than 10%, which,
given the decline in revenues and share of labour costs, was very significant. Liquidity loan
repayment terms have been extended from three to five years, with a grace period of two
years. The amounts have also been changed, which means that small enterprises could get 80
million dinars, and medium-sized enterprises up to 180 million dinars. The conditions for
collateral were also changed, so for a loan of up to 80 million dinars, it was necessary to
provide a guarantee from an unrelated company.

Vojvodina Development Fund has financed the support program intended to preserve
liquidity through long-term loans. It was specifically intended for companies from the
Vojvodina territory, and for small and micro enterprises. Vojvodina Finance Secretariat
refunded 2% of the total 3% interest rate on loans, and the remaining 1% was paid by the
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borrower. The loan amount for small enterprises was 10 million dinars. The loan term was up
to 36 months, with a grace period of up to 12 months. Condition for loan approval was that
the borrower has not reduced the employee number more than 10% since the pandemic
outbreak.

Ministry of Tourism granted loans to SMEs for improving the tourist offer and intensifying
the current capacities use. The purpose of the support was to improve the qualitative and
quantitative component of tourist offer. The main purpose of these investments in fixed assets
was a long-term increase in capacity, as a basis for revenue growth. At the same time, the goal
was to improve customer service, which would enable higher competitiveness and larger
prices of offered services per unit. In addition to these two components, the loan funding
would enable the offer diversification, the season extension, and revenue generation over a
longer period. In addition to investing in fixed assets, the loans were also aimed at covering
marketing costs, souvenir production, and the development of tourist infrastructure, with the
aim of increasing future demand. The loans granted by the Ministry of Tourism were
approved in the minimum amount of 2 million dinars, up to 6 years, with a 12 or 24 months
grace period.

In addition to the support program for tourism development at the national level, the
Autonomous Province of VVojvodina also allocated significant funds for tourism, through the
Development Fund of AP Vojvodina. An additional goal was the development of rural
tourism in Vojvodina, which included hunting and fishing tourism, enogastronomic, religious
and cultural, as well as health tourism. Support was provided in the form of loans, granted in
the amount of up to 20 million dinars, with the interest rate between 1% and 2%, with the 7-
year maximum term, and monthly, quarterly or semi-annual repayment. The loan purpose
included creating or improving the tourist offer, the construction, adaptation and equipping of
tourist facilities. Loans were available to micro, small and medium enterprises, which operate
in the tourism and hospitality sector in the territory of Vojvodina.

The Government of the Republic of Serbia also adopted an additional measure, formulated
in the Decree on the conditions and criteria for compliance of State aid through the
recapitalization of market participants (Official Gazette of the RS, 2020b). The basic criterion
was that the applicant could prove serious business difficulties, caused by the COVID-19
pandemic, which would lead to company closure without state aid. Additional criteria were:
the state interest to intervene, the impossibility of obtaining financial resources on the market,
and the difficult company survival with the existing state aid measures. Recapitalization could
include two types of instruments. The individual approach was achieved with an equity
instrument and direct acquisition through capital share. The combined approach was
performed with hybrid instruments, and through indirect acquiring of a capital share. All
instruments implied a gradual increase in state fees, according to predefined scales related to
reference interest rate. This was an incentive for companies to repay the state share as soon as
possible, and at the same time not to violate competition in the financial market. The
companies could repay the state share at any time, and the state could sell its share to third
parties.

The state aid model through the recapitalization of SMEs is a new financial model that
implies a different risk distribution, compared to conventional lending, and represents a
significant step towards diversified access to finance. The precondition of this model is the
developed financial management, and significant resources engaged throughout the process
from application to reporting, which SMEs do not have. In the coming period, it is necessary
to simplify this model of state support, make it more accessible to SMEs, at minimum costs
and required resources.
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Profitability and sustainability of business, in addition to the applied support measures,
depend on the specifics of each SME, its business model, current financial situation, market
position and business activities. In addition to relying on economic support measures, it is
necessary for SMEs to react in a timely manner and make necessary strategic and operational
decisions, in accordance with market circumstances in the conditions of the COVID-19
pandemic.

4. RESEARCH METHODOLOGY

To analyze the sustainable business models, primary empirical data were collected in
different SMEs of the Republic of Serbia. The empirical research was realized in 2021, where
the entrepreneurs, i.e. SME founders, business owners and managers, were surveyed.

By random sampling, questionnaires were submitted to the addresses of 600 respondents,
and the completed survey forms were submitted by 392 SMEs. Participation in the research
implied anonymity. The choice of participants in the research was not executed, i.e.
respondents were in the same manner invited to participate in the research, and their response
could not be affected. The survey questionnaire contained questions methodically distributed
in three groups of research variables: 1. Demographic characteristics of SMEs and
entrepreneurs; 2. The problems which SMEs faced during the crisis caused by COVID-19
pandemia; 3. Measures applied. All questions were clear and concise; listed gradually in the
appropriate order. Respondents were offered several choices for closed questions.

5. RESEARCH RESULTS

Basic demographic characteristics of sampled SMEs, based on the analyzed collected
empirical data, are presented in Table 1:

Table 1. Demographic characteristics of sampled SMEs

SME size (employee number) Total Total (%) Cumulative (%)
Small 326 83.2 83.2
Medium 66 16.8 100.0

SME size (operational revenue)
Small 318 81.1 81.1
Medium 74 18.9 100.0

Industry sector
Sector A 8 2.0 2.0
Sector B 2 0.5 2.6
Sector C 37 9.4 12.0
Sector D 5 1.3 13.3
Sector E 2 0.5 13.8
Sector F 39 9.9 23.7
Sector G 67 17.1 40.8
Sector H 14 3.6 44.4
Sector | 30 7.7 52.0
Sector J 13 3.3 55.4
Sector K 5 1.3 56.6
Sector M 31 7.9 64.5
Sector N 15 3.8 68.4

132



THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE

DEVELOPMENT
Sector P 12 3.1 71.4
Sector Q 3 0.8 72.2
Sector R 19 4.8 77.0
Sector S 90 23.0 100.0
Length of business
<lvY 8 2.0 2.0
1-2Y 30 7.7 9.7
3-5Y 47 12.0 21.7
6-10Y 72 18.4 40.1
>10Y 235 59.9 100.0
Entrepreneur gender
Male 245 62.5 62.5
Female 147 37.5 100.0
Entrepreneur age
<30Y 17 4.3 4.3
31-40Y 94 24.0 28.3
41-50Y 160 40.8 69.1
51-60Y 68 17.3 86.4
>61Y 53 13.6 100.0
Total 392 100.0

The research included an analysis of the type of government support, expected by SMEs,
to survive, maintain their business and profitability in COVID-19 crisis conditions. The
results are shown in Figure 1.

EmNo = Yes

Other

14,0%

E

Damage compensation
Non-refundable grants 21,2%
Favorable loans 29.3%
Loan moratorium 29.1%

Co-financing salaries

Figure 1. Government support measures expected by SMEs in the Republic of Serbia

According to the research results, SMEs expect from the government to co-finance salaries
for employees. This measure, already applied after the outbreak of the COVID-19 pandemic,
should be continued in the future period, as 62% of respondents confirmed. The state should
not participate in damage compensation, caused by business problems that SMEs have
experienced, due to the termination of certain activities, cancellations of agreed contracts and
similar events that led to losses, as it is considered by the largest number of respondents

133



ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

(86%). The presented results show that SMEs don’t expect the settlement of credit obligations
in the future, in the form of a contracted moratorium, a measure generally used in the past, as
confirmed by 70.9% of the observed organizations. Similarly applies to the introduction of
new favorable credit lines, because 70.7% of respondents do not consider this measure
needed. Surprise is the fact that as many as 78.8% of SMEs do not want non-refundable
grants from the government, to survive and maintain their business in COVID-19 crisis
conditions. In addition to co-financing salaries, some other, not mentioned measures are
expected, as confirmed by 37.2% of the observed organizations.

In addition to government measures analysis, the research also included identifying SMEs
attitudes on other significant activities to help and support this sector, in order to survive,
maintain business and profitability in COVID-19 crisis conditions. The results are shown in
Figure 2.

ENo = Yes
Other measures 36.0%
Training - eBusiness 13.0%
Training - social media sales _ D.4%
Business transformation support ] 12.5%
Prolongation of fixed costs _ 33.4%
Training - customer safety _ 3%
Training - employee safety ] 18%0
Settling government obligations ] 24.7%
Flexibility of contract obligations ] 25.8%
Long-term loan 30.1%
Short-term loan 1.5%

Figure 2. Other support measures expected by SMEs in the Republic of Serbia

The results of the research confirm that SMEs identified the following measures as the
most significant in the COVID-19 pandemic conditions: Prolonging fixed costs payment
without default interest (33.4% respondents), the possibility of credit approval in the form of
long-term loans (30.1%), enabling flexibility when performing contractual obligations
(25.8%), as well as settling the government obligations to its creditors (24.7%). As less
important measures, SMEs stated: additional training regarding employee protection (4.8%)
and protection of customers from COVID-19 virus (3.3%).

To maintain SMEs business activities in crisis conditions, it would be significant to
organize educational training programs for digital business and online sales (as confirmed by
13% of respondents), provide them with support in the process of transforming business and
adaptation to new macroeconomic circumstances (12.5%), and provide support in the form of
training for marketing and sales through social networks (9.4%). Short-term credit lines
would be important for 11.5% of observed organizations, as well as other measures not
covered by this research, according to 36.0% of SMEs, participants in the research.

Research data analysis summarized the views of SMEs regarding the support measures that
government should introduce, to help the most vulnerable organizations, those who are most
intensely affected by restrictions, introduced for combating the COVID-19 virus. The results
are given in Figure 3.
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ENo mYes
Without opinion 6%
Other measures 18.6%
Self-emplovyment support 24.0%
Reducing imports duties 15.6%
Tax payment relief 62.5%
Financial support programs 38.3%
Employment development programs 33.2%
Public infrastructure projects 16.3%
Tourism sector support 25.8%
Preventing future crisis 41.1%
Protective equipment 30,6%
Reducing tax liabilities 82.7%

Figure 3. Expected government support measures for vulnerable organizations

Respondents believe that the most significant government measures, that would be
effective in helping the most vulnerable SMEs, are: reducing tax liabilities (82.7% of
respondents), tax payment relief or temporary tax release (62.5%), as well as taking timely
measures for future crisis situations (41.1%). SMEs believe that reduced duties on imports,
and investing in public infrastructure projects, are not significant measures to encourage the
recovery of organizations most affected by the pandemic. In contrast, employment
development programs, and governmental support for self-employment, would significantly
help the most vulnerable SMEs, as confirmed by 33.2%, and 24% of respondents.

6. DISCUSSION AND RECOMMENDATIONS

During the period of uncertainty, it is important that SMEs consider the potential
influences of the crisis on employees, customers and suppliers. Organizations that ignore
possible risks, and do not take the necessary measures or create adequate business solutions,
will be deeply affected by the negative effects of the crisis. Especially managers should
anticipate all potential influences of the pandemic, and take a series of measures, in order to
make their organization overcome the crisis process as soon as possible. The results of the
research confirmed that as many as 41.1% of SMEs in the Republic of Serbia believe that it is
crucial to take timely measures for better preparation for future crisis situations.

Improving the sustainability and profitability of business in crisis conditions involves
different solutions, very specific to each organization, which SMEs should apply. In addition
to technical and technological improvements, this includes a deep process of introducing and
strengthening the crisis management, based on strategic and operational planning, human
resource management, business process management and decision-making, all the way to the
early crisis identification, and developing an adequate concept for maintaining business
continuity. The measures available to SMEs for survival and further development, should
include the transition from traditional sales channels to online models. This measure also
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includes numerous other processes, of which the first step is to introduce an adequate concept
of Customer Relationship Management (CRM).

Success in maintaining business continuity in the COVID-19 crisis implies that SMEs
generate adequate financial planning in the newly-established crisis scenario that involves
uncertainty. Crisis business conditions include taking appropriate measures to maintain
flexibility, and reshaping existing plans. Measures for survival and business continuity should
include capital increase, debt restructuring, additional credit support from banks, investors or
government. In addition, to introduce strategic changes in business, SMEs should take
measures to consolidate finance management, investment lending, or some other form of
support for business operations. Research results confirmed these SMEs statements. SMES in
the Republic of Serbia have identified the most significant measures in the COVID-19
conditions: prolonging the settlement of fixed costs without default interest (33.4% of
respondents); possibility of long-term credit lines (30.1%); flexibility in the contract
obligations’ execution (25.8%); and settling the government obligations to its creditors
(24.7%). All the mentioned measures lead SMEs to consolidation of finance management and
adequate financial planning in the crisis business conditions.

According to the results of the conducted research, SMEs in the Republic of Serbia do not
prefer favorable credit lines in order to obtain the necessary financial resources (as 70.7% of
observed organizations confirmed). Instead of standard forms of financing, it is necessary to
provide alternative ways of SME financing, i.e. crowdinvesting. Crowdinvesting model is
used for providing the necessary financial resources from a larger group of private individuals
or legal entities, which invest relatively small individual amounts. Crowdinvesting is
organized in the Republic of Serbia in accordance with the legal regulations, and enabled via
Ventu.rs platform.

One of the SMES’ characteristics, insufficient knowledge and skills of the
founders/owners/managers, further endangered their survival and sustainable development in
COVID-19 crisis conditions. One of the measures to preserve business continuity is additional
training of entrepreneurs. The significance of this measure was confirmed by the results of the
conducted research. In order to survive and maintain business in crisis conditions, the
importance of education is confirmed, especially the training for business digitization and
online sales (as 13% of respondents confirmed); education for transformation of business and
adaptation to the newly established external environment (12.5%); and support in the form of
training for online marketing and sales through social networks (according to 9.4% SMEsS).
Entrepreneurial training and education in changed business conditions, under the influence of
the COVID-19 pandemic, should include precise knowledge and skills, in accordance with the
new needs of SMEs, and in order to adapt to different market requirements.

One of the pronounced problems, with which SMEs faced after the COVID-19 crisis, is the
problem of maintaining regular supply and preservation of cooperation with suppliers. Lack
of anyway limited liquid resources, led to delays in settling obligations to suppliers, and
delivery delays in some cases. The preservation of regular supply chains is especially
important if SMEs are depending on one or a small number of suppliers, which is most often
the case. One of the measures that SMEs should apply to protect the continuity of their
business in crisis conditions is the introduction of supplier development programs. SMEs
need to develop a business strategy that implies a flexible network of suppliers, ie cooperation
with different organizations, to improve the results and encourage continuous business
growth.

The flexibility of organizational structure, in terms of adjustment to changes in the
macroenvironment, is very significant in crisis conditions. After the outbreak of the COVID-
19 pandemic, SMEs with a customizable organizational structure had more success in
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adapting and maintaining their business. One of the survival measures in crisis conditions
should imply the development of a flexible organizational structure with open corporate
culture, where expertise is more important than formal authority. In crisis conditions, an
informal organizational structure should be established, within a formal, which involves
temporary crisis working groups, independent working groups, and virtual organizational
parts.

Digitization is one of the key measures that allowed SMEs to adapt to crisis conditions,
and provided a healthy working environment for their employees. Digitization of business is a
necessary measure for survival and business maintenance in the crisis conditions caused by
the global pandemic, such as the COVID-19 crisis. Digitization processes contribute to
increasing sales, reducing costs, and improving relationships with customers and suppliers,
through available digital technology. These processes require adequate entrepreneurial
training, financial support, as well as changes to certain regulatory frameworks. By
accelerating the process of digitization, the SMEs will apply new technologies, new business
practices (e.g. completely digitized retail, contactless delivery, etc.), and new business models
(e.g. online shopping, online medical care, online education, virtual office, virtual services,
digital party, etc.).

7. CONCLUSION

Many SMEs were affected by the COVID-19 crisis, leading to reviewing their approach to
crisis management and available resources, in the unpredictable crisis environment. The crisis
caused by the pandemic has led to deep market changes in the region and globally. Research
results, as a whole, recognized the SMEs’ need to preserve liquidity during the first stroke of
the COVID-19 crisis. For all SMEs, who managed to maintain their business after the
outbreak of the pandemic, to protect liquidity, maintain profitability, and adjust the business
model to current market circumstances, new opportunities for growth and development are
rising.

In order to improve the business sustainability and profitability in the COVID-19 crisis,
SMEs should apply the management concept and process, universally applicable, with
specific solutions that are individually adapted. Individual business model adjustment in some
organizations involves the reduction of fixed costs, due to reduced revenues, to ensure the
continuity of business till reorientation to new market needs. For other SMEs, specific
solutions will be needed for additional resources, in order to substitute the missing import
components, or the business will continue through custom procurement and sales channels.
Under the influence of the COVID-19 crisis, some SMEs will create an essential business
turn, such as leaving the domestic market and entering the chain suppliers of multinational
companies.

Based on analysis of SME business characteristics in crisis conditions caused by COVID-
19 pandemic, applied and expected future measures, the following proposals and
recommendations for SME management can be provided:

e Application of the universal crisis management concept, with specific solutions,

individually adapted

e Transition from traditional sales channels to online model, with the introduction of

Customer Relationship Management, CRM concept

o Application of crisis financial planning that implies an increase in capital base, debt

restructuring, additional credit support from banks, investors or government
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¢ Transition to alternative sources of funding, in the form of crowdinvesting

e Intensive training and education in accordance with the new needs of SMEs, in order to
adapt to different market requirements

o Application of a business strategy that implies the development of a flexible network
supplier, in order to improve business and encourage continuous growth

e Development of a flexible organizational structure with open corporate
cultureDigitization of business as a key measure for SME adaptation to crisis
conditions, and securing a safe work environment for their employees

e Application of the benefits of ISO standard SRPS ISO 22301:2020 related to the
Business continuity management systems, since serious situations such as pandemic
outbreaks, provide the real opportunity to check the readiness of the companies for
crisis situations, as well as their possibilities and certainness to continue with providing
services and supplying products in situations that seriously jeopardize various business
processes.

The spectrum of possible solutions for SMEs is wide, and the application of real measures
is performed on the basis of analyzes, using the best tools and processes, with adequate
professional support. Analysis, planning and realization of crisis business models and SME
crisis management, represent the most significant topic of many support programs, at the level
of national economies and regions, through international programs, as well as through
national initiatives, as a part of government economic policy.
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ABSTRACT

Today, companies are increasingly using social networks as a very effective way to communicate
with the target market. Although the content and form of messages delivered to consumers are diverse,
our sense of sight is the most dominant, and therefore, the most attention is paid to visual brand
communication. Social networks proved to be an indispensable part of the lives of people, who were
locked in their homes during the Covid-19 crisis, due to the recommended health measures. This was
an opportunity recognized by many world-renowned companies. In addition to adapting their business
to the online environment, they supported people in these difficult times by adapting their promotional
campaigns to socially responsible ones, alerting the public, and informing about the importance of
recommended measures during a pandemic. Some companies have gone a step further, by temporarily
redesigning their visual brand elements, primarily logos, and establishing visual communication with
consumers by giving them support. As a consequence of such activities, a positive reaction of
consumers and strengthening of emotional connection and loyalty is achieved.

KEYWORDS
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INTRODUCTION

Brands are something that simplifies the selection process by affirming functional or
emotional associations. Emotional or experiential associations promise a successful brand that
has the power to create consumer value (Doyle, 2001). A brand can be considered a product
with many additional dimensions that distinguish it from other products on the market, which
are designed to meet the same needs and desires of consumers. Many brand definitions focus
on the methods used to achieve differentiation and highlight the benefits that consumers can
have after purchasing a brand (Keller, 2003). These definitions emphasize brands as an image
in the consumer’s brain, brands as systemic values (Sheth, Newman, Gross, 1991), brand
personality (Goodyear, 1993), and brands as added value (Doyle, 1994). A brand is a
collection of all the mental connections that people have around them (Brown, 1992). The use
of attributes, packaging, names, strategy distribution and advertising can create associations
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with brands that are unique and placed in the minds of consumers (Alavinasab, Soltani,
Alimohammadi, 2017).

A special form of communication, mass communication, is realized by technical means
(mass media) (Kristovi¢, 2010). Mass communication can be defined as a process in which
media organizations produce and transmit different messages to the general public and a
process by which those same messages are seen, understood and used (Littlejohn, Karen,
2011). The advantages of marketing communication are numerous and vary depending on the
situation in which this concept is applied. Companies will differ at the market in their ability
to realize these benefits depending on their own marketing capabilities, resources, market
circumstances and the context in which they operate. Some organizations may face strong
competitive challenges that can reduce the likelihood and nature of these branding benefits
(Keller, 2009). Communications are not only a means of presentation within the company, but
also a necessity in interaction with external participants such as consumers, business partners,
suppliers, etc. Marketing communication is a tool by which a company can influence
consumer behavior and create a competitive advantage. The main goal is to inform, persuade
and remind the audience about the company and its brands in a direct or indirect way. It can
be said that marketing communication includes commercial and non-commercial
communication in support of corporate marketing strategy (Kotler, Keller, 2012). Brand
communication is one of the most important tools used in brand management. With it,
organizations inform, persuade, teach, remind, but also enrich the public's knowledge about
the brand, its strengths and values, as well as about its offer of products and services (Bhasin,
2021). New technology is improving the way companies can present their own brand or
products. For new media, there are four factors that affect the results of communication
(Winer, 2009)): The existence of new technologies in the workplace; Focusing on the
behavior of a personalized message based on people's online activities; Creating experiences
for their customers by marketing experts to differentiate corporate products and services from
competitors; Huge differences between individual groups according to demographics. These
changes prepare the background for unconventional media, and also increase the relevance of
market competition. The internet provides marketers with new marketing interactive tools that
can encourage all aspects of marketing (Mallin, Finkle, 2007).

No crisis can be solved by routine actions (Tsang, 2000). Nowadays, many organizations
are constantly using mobile phones, Twitter, blogs and other tools to spread information about
the crisis (Pang, Hassan, Chong, 2014). Social networks can be one of the main
communication strategies in crisis situations (Cho, Park, 2013). Even during the Covid-19
pandemic, many companies realized the importance of crisis communication on social
networks, so their activities provided support to the general public, but at the same time
emotionally strengthened the connection between the brand and consumers. One of perhaps
the best examples is the temporary redesign of their logos, as basic elements of visual
identity, in order to draw attention to the importance of measures of social distance.

VISUAL BRAND COMMUNICATION

Visual communication is the communication of ideas through the visual presentation of
information. This type of communication is primarily associated with two-dimensional
images, which include art, signs, photographs, typography, drawing, colors, and electronic
resources. Recent research in this area has focused on web and graphic design. The visual
appearance of the product is a key determinant that affects the reaction of consumers, and thus
the success of the product (Coates, 2003). Consumer assessments relate to elegance,
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functionality, social relevance and are based mainly on visual information. The visual
attributes of products are often the center of satisfying consumer desires and with them they
actually satisfy their needs (Bloch, 1995). Without a clear understanding of consumer
behavior, it would be difficult to devise effective marketing and sales strategies as well as
business models (Nejati, Salamzadeh, Salamzadeh, 2011).

Brand communication is defined as any communication that brands have not only with
consumers but with all stakeholders, ie with those who have any connection with the brand,
such as investors, customers and employees. This type of communication can be in the form
of any type of company communication, such as: newsletters, logos, video content,
promotional messages, social media posts, company documents, etc. These forms of
communication are quite different, however, it is important that effective communication with
the brand should be recognizable and consistent regardless of the way the message is
delivered (Pettis, 2020). Visual communication may provide consumers with a new and richer
experience (Baltezarevic, Baltezarevic, 2015).

Visual messages can be convincing and have a deeper meaning, which attracts more
attention, and as a result, it is possible to cause major changes in consumer attitudes. In
advertising, there is an interesting connection between visual and text messages, because
when these two elements are used together, verbal messages tend to limit the meaning of
visual messages, and visual messages tend to expand the meaning of verbal messages
(Rogers, 2007). Images in advertising can evoke emotions by simulating the appearance of a
real person or object. Photos can serve as proof that something has happened and can
eventually create an implicit connection between the product offered and some other photos
(Messaris, 1997). Visual communication in advertising aims to attract, arouse interest and
make consumers remember what they saw. It should also provoke positive experiences and
feelings about the product and thus trigger a reaction from consumers. Several factors, such as
attracting attention, slogan, sexuality, novelty are especially important in visual
communication and they should be paid special attention (Scott, 1994). Maybe the most
popular method for increasing consumer attention is to increase the prominence of an item by
increasing its relative size or removing other items from view (Mishra, Mishra, 2015). Sight is
the dominant sense that allows people to explore and understand the world. It often transcends
other senses and has the power to convince people beyond any logic (Lindstorm, 2004).

VISUAL BRAND IDENTITY AT THE TIME OF THE PANDEMIC

The visual elements of the brand play a key role in building value. Brand elements can be
chosen to increase brand awareness, but also to create favorable, strong and unique
associations with brands and trigger positive evaluations and feelings about them (Keller,
2003). However, there are occasional changes in the brand's virtual identity, and the main
reasons are usually changes in corporate strategy, changes in ownership such as privatization,
mergers or acquisitions, changes in competitive positioning in terms of market segmentation,
when the image is outdated, and finally in response to sudden events in the external
environment, such as crisis or sudden disasters (Muzellec, Doogan, Lambkin, 2003).

Brand identity can be seen as everything that the brand owner wants consumers to
associate with the brand, and it consists of benefits, traits, values, differentiation and
personality (Roy, Banerjee, 2007). Brand identity is what gives it meaning, what the brand
stands for and what makes it unique, in a way it represents the fingerprint of the brand (Melin,
1997). Visual communication is the communication of ideas and creativity through the visual
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presentation of information (Baltezarevic, Baltezarevic, 2015). For some authors, brand
identity can be equated with visual identity. The visual identity of a brand is just one
component that makes up a brand identity, among all the other elements. Visual identity plays
a significant role in the way one organization presents itself to external and internal
stakeholders (van Riel, Balmer, 1997).

According to research on reactions and perceptions to crisis communication via social
networks, by examining study participants, different age groups, employment levels and
education (mostly regular internet users), the results showed that different channels through
which an organization chooses to communicate with its customers have different effects on
how they react to the same information about crisis information (Schultz, Utz, Goritz, 2011).
Studies have found that with the same type of communication message and crisis, the way
actors respond to crisis messages on social media is different from responding to the same
message on traditional media (Liu, Fraustino, 2014). It can be concluded that the choice of
media affects the reputation of the organization, the reaction of stakeholders and the potential
occurrence of a secondary crisis (Schultz, Utz, Goritz, 2011). Moreover, an organization that
communicates its crisis on social media channels may seem honest and caring to stakeholders,
because such communication shows that the organization wants to inform stakeholders more
quickly and directly and is willing to engage in dialogue with them (Schultz, Utz, Glocka,
2012). It was also concluded that crisis communication on social networks can lead to a
higher reputation of the organization than crisis communication through traditional media
(Utz, Schultz, Glocka, 2013). By communicating on social networks, the organization shows
that it cares about stakeholders and wants to share critical information faster (Schultz, Utz,
Glocka, 2012).

The Covid-19 pandemic has endangered many lives, and the recommendation of many
medical professionals and governments, almost all over the world, was that people should
stay at their homes and reduce their social contacts to the necessary minimum. Many
organizations had to temporarily suspend their operations, but they also realized that in such a
crisis they could help the society in which they operate, and indirectly strengthen relations
with their consumers. Some organizations have reoriented their businesses in order to provide
support to the society, others have shared free content via digital media, provided home
delivery of products or adapted their advertising messages into educational and entertainment
ones that motivated consumers to adhere to the proposed measures. Several world-renowned
companies have temporarily redesigned their existing logos and, by separating or adapting
graphic elements, conveyed a message that supported the general public emphasizing the
importance of social distancing. Such activities were positively accepted by the audience,
which further strengthened and deepened the relationship between organizations and their
consumers, and thus had a certain effect on the brand's capital (Baltezarevic, Kwiatek, 2020).

The main elements of any visual identification system are lines, textures, typography,
shapes, colors, logos, symbols, images, composition, slogans and key messages used in
various applications to communicate corporate essence, philosophy, culture, values, and
personalities (van den Bosch, de Jong, Elving, 2005). These elements help organizations add
value to the products and services they sell, but also improve their brands when used in a
coherent and consistent way (Dacin, Brown, 2002). For any organization, the visual identity
of the brand is very important for establishing and maintaining a market presence. Visual
interpretation of the brand enables the development of easily recognizable visual signs that
encourage consumers to build associations between the brand itself and its chosen position.
Logos are visual icons that provide two basic but necessary functions for brands:
identification and distinction. Over time, the logos directly match the brands they represent
(Savard, Gallagher, 2011).
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LOGO AND TEMPORARY REDESIGN OF LOGOS ON SOCIAL
NETWORKS IN TIMES OF CRISIS

Logos play an important role in corporate identity and should therefore have a serious
look. The management of many companies spends huge amounts of money on them, because
a quality company logo can add value to the organization's image (van Riel, van den Ban.,
2001). There are many different types of logos, such as trademarks (corporate names) and
completely abstract logos, which can usually be completely unrelated to corporate activities or
a corporate name (Murphy, 1990). Visual elements of the brand often play a crucial role in
building value, especially in terms of brand awareness, which initially involves associating
the brand - logos, brand names, symbols and so on, with certain associations in memory. If
the logo is well designed, it can provide significant benefits to brands and increase capital
(Stamatogiannakis, Luffarelli, Yang, 2015). There are four different types of logos:
typographic logos (includes the name of the company in particular typography), figurative
logos (use images that convey the image of the organization), combination signs (combine
graphics with text) and abstract logos (not explicitly visually represent the company name)
(Airey, 2009). Adequate communication of the company with consumers achieves an
emotional connection between the company and the consumer, which is the main prerequisite
for creating emotional connections. The result of such relationships creates an honest
relationship, building trust and ultimately long-term consumer loyalty (Baltezarevic,
Baltezarevic, 2021).

In one study, the results showed that 55% of logos had a positive or negative effect on
image perception, but at the same time, 45% of logos had an effect that could be considered
negligible. In terms of recognition, letter symbols and signs scored better than pictorial ones
and significantly better than abstracts (Schechter, Alvin, 1993). Research has shown that fonts
(Henderson, Cote, Leong, Schmitt, 2003), designs (Henrik, Patrick, 2008), shapes (Ulrich,
Malkewitz, 2008) and colors (Gerald, Chattopadhyay, Sengupta, Tripathi, 2004) as logo
elements can affect brand value by evoking specific brand impressions. Well-designed logos
can facilitate brand recognition and improve brand attitude (Henderson, Cote, 1998). A strong
symbol can be a key ingredient in brand development, and in cases of its absence, it can be an
essential handicap. Symbols that include visual images can be powerful and memorable
(Aaker, 2002).

As we stated in the previous text, there are many reasons why companies decide to
redesign their logos. According to Airey (2014), logo design and redesign are important
marketing decisions. Redesigning a brand logo can be an effective way to increase attention,
because new stimuli are generally considered more exciting than known ones, and consumers
are trying to learn more actively when stimuli are new or unknown (Campbell, Keller, 2003).
Although little is known about the conditions that lead to the failure or success of a logo
redesign in branding campaigns, one of the elements that can contribute to this failure or
success is the extent to which the brand logo is redesigned. Organizations apply an
evolutionary redesign when brands have a strong market position and want to update their
image or convey a change in brand strategy (Airey, 2009). Consumers who are very brand
aware attach more importance to certain brand attributes, such as a logo or name. For this
type, redesign of the logo may affect the mental processing of the consumer (Jamal, Goode,
2001).

When redesigning the logo, it was discovered that consumers will tolerate changes as long
as they are small enough that the new logo design falls within the range of consumer
acceptance (Pimentel, Heckler, 2000). One study found that cognitive responses from
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consumers to logo changes showed more negative thoughts about the brand in the case of
consumers who are highly committed to the brand, and more positive thoughts for less
dedicated consumers, which increased to a greater degree of logo change (Walsh, Page,
Mittal, 2006).

At the time of the Covid-19 pandemic, there were few examples in the business sphere that
could be said to have adequately managed their companies in this crisis situation. Some well-
known brands have redesigned their logo (temporarily) and placed it in digital media, to
promote social distancing, but they have also launched advertising campaigns to encourage
people to stay at home during a pandemic.

Launched content of this kind creates a good feeling, which alleviates anxiety, promotes
positive messages and ultimately has a positive impact on brand advancement. However,
organizations must show that their contribution is not just a commercial benefit, because
consumers are very well aware of their authenticity and real purpose (Bails, 2020).

Many brands such as Audi, McDonald's and Coca-Cola have redesigned their logos to
emphasize the importance of social distancing during a pandemic. It is important to note that
most of the brands that have redesigned their logos are already well-established and reliable
brands that have the power of great influence on society. The redesign of their logos is very
simple at first glance, and comes down to separating the elements in order to get the
impression of distance. Audi separated their "rings", McDonald's separated their "golden
arches”, and Coca-Cola separated the letters on their logo. Although this change seems
insignificant, there is a much deeper meaning behind this idea, which gives good support to
these brands in order to properly continue their advertising in times of crisis. Brands have
shown a high level of creativity, relevance and interest, and above all, they have created
awareness of something that is generally important and of great social benefit, such as health
prevention (Sagona, 2020). Another good example of a company that redesigned its logo
during this global crisis is the South American e-commerce brand Mercado Libre. This
change in design is reflected in the fact that the handshake, as their familiar symbol, was
changed to “elbow salute” to promote social alienation, as elbow salutation was one of the
recommended greetings during a virus pandemic (Tan, 2020). Brands that redesign their logo
can potentially reduce the severity and anxiety caused by a pandemic. The idea, creativity and
passion are driven by the desire to help and educate the general population. Therefore,
McDonald's published a redesigned logo on their page on the social network (Facebook) in
Brazil. McDonald's has also adapted to the new situation by bringing food to its customers by
home delivery. Coca-Cola posted its ad in downtown New York, displaying each letter of its
logo separately, reinforced by the slogan 'Staying Separated is the best way to stay connected.’
Audi and Volkswagen have shared their redesigned logos (at least temporarily) on their social
media accounts. An inspirational video about the importance of social distancing was shot by
Volkswagen, which also redesigned its logo by splitting the letter W into two V. Nike
launched a major social campaign with global sports stars. The idea of this campaign was to
encourage people to play inside and play for the whole world (Valinsky, 2020). Time Out
magazine redesigned its logo in Time In, drawing attention to how people can maintain social
distance but still be connected to their city (Gilliland, 2020). Singapore-based software and
hardware maker Razer has also redesigned its logo, temporarily splitting its symbolic three
connected snakes into three individual snakes. During the pandemic, Razer encouraged social
media users to play video games from home (CGTN, 2020).
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CONCLUSION

Today, many consumers identify with their brands, and in most cases, a much deeper
emotional connection has been achieved in this relationship. Such brands have great
credibility to convey the message, which is of general social benefit. Visual brand
communication is a powerful marketing tool. It has been proven that people first notice the
shapes, fonts and colors of a company (visual brand elements, such as logos). For that reason,
the organizations primarily decide to communicate with consumers in that way. In the crisis
communication caused by the pandemic, when people were focused exclusively on the digital
environment, companies adapted their advertising messages, but also temporarily redesigned
their visual brand elements into those that symbolize social distance and placed them mainly
through social networks. This strategy has proven to be very effective. It showed, above all,
that large global corporations are socially responsible, and able, through their activities, to
reduce the feeling of anxiety among consumers and to provide much needed support in
difficult times. All this has the potential to directly strengthen the image of the organization
and its brands and, further, to contribute to the perception of consumers towards brands and,
finally to influence loyalty. Finally, one of the desired results that an organization can expect
IS a positive impact on consumer behavior when making purchasing decisions. It can be
concluded that the last thing recommended to companies in unstable market conditions caused
by a crisis, such as a pandemic, is to remain unresponsive to current events.
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ABSTRACT

Agrarian sector in the Republic of Serbia is characterised by many-decade-long insufficiently
effective use of available natural resources, as well as a deficiency of financial, technical-
technological resources and infrastructure. Bearing this in mind, in addition to numerous exterior
limitations, the aim of this research is to find better solutions, i. e. adequate models of agrarian
resources management at macro and micro levels, which would result in visible progress in this
domain. The paper concludes that in contemporary conditions, especially due to the COVID-19
pandemic, agrarian resources of the Republic of Serbia should be more creatively used with
unavoidable support of the state and greater efforts of other participants, relevant for the development
of domestic agro-food sector and rural economy.

KEYWORDS
agrarian resources, agrarian policy, management, regulations, Republic of Serbia, COVID-19.

JEL: Q18, Q19, K29.

1. INTRODUCTION

Management of agricultural resources is of exceptional importance for countries that have
abundant natural resources for agriculture and where the tradition of practicing agriculture is
burdened by a number of problems of internal and external nature, especially those relating to
the economic and financial, political and legal or environmental and health aspects. Among
such countries is the Republic of Serbia, where finding the best approach to the management
of agricultural resources is of crucial importance, especially in the circumstances surrounding
the present COVID-19 pandemic, the country’s European integration process, global
challenges, regional problems, etc.
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Previous work of numerous domestic and foreign authors who have been dealing for
decades with the issue of agricultural resources management in their countries and beyond
(Andrieu et al. 2021; Li et al. 2020; Pawlak, Poczta, 2020; Kucher et al. 2018; Darbyshire et
al. 2020; Puri¢, Njegovan, 2016; Vujic¢i¢, 1997; Grimble, Wellard, 1997; Pimentel et al. 1997;
Shah et al. 1986; etc.) confirms the importance of this topic for theory and practice, both from
a historical aspect and in terms of future directions of sustainable development. Today, the
management of agrarian resources, agricultural policy, development of agriculture, food
production, distribution and its quantity and quality, under the COVID-19 pandemic, are
between the most important topics in the world, especially because of the importance of
agricultural resources and agri-food products for human health and survival.

According to the WHO (2021), coronavirus disease (COVID-19) is an infectious disease
caused by the SARS-CoV-2 virus. The COVID-19 has globally led to a number of human
health problems, dying from this disease and vulnerability of health systems in many
countries. At the same time, except in terms of health, the COVID-19 negatively affects all
aspects of life and work, that is, it causes negative effects on all economic activities, and
therefore on the ways of using resources. In this context, the use of agricultural resources is
very important, because these resources are the basic inputs for agricultural production, that
is, for the production of food as a condition of human existence. FAO (2020) notes that the
COVID-19 recovery plans offer immense opportunities for enhanced investments in
sustainable natural resource management. These investments can create a more productive,
greener and inclusive economic recovery, and transition towards healthier and more resilient
areas.

The purpose of this paper is to find more adequate models of agricultural resources
management, at the macro and micro level, that is, better solutions that would result in more
visible progress in this area, under the COVID-19 pandemic with a special emphasis on the
Republic of Serbia.

The contribution of this paper is contained in the conclusion reached based on the
conducted research, which finds that the agricultural resources of the Republic of Serbia in
current circumstances, especially those surrounding the COVID-19 pandemic, should be used
much more creatively, including the necessary government support and a greater commitment
of all other actors relevant to the country’s agricultural and food sector, as well as rural
economy.

The paper uses secondary data sources, mostly official data published by the Statistical
Office of the Republic of Serbia concerning agricultural resources. Furthermore, the paper
relies significantly on the research conducted by numerous domestic and foreign authors
working in this field. The paper uses historical, descriptive and comparative research
methods, with a tabular and schematic presentation of relevant data and research results.

2. MAIN AGRARIAN RESOURCES OF THE REPUBLIC OF SERBIA AND
FARM STRUCTURE SURVEY

Table 1 shows the most important agricultural resources of the Republic of Serbia, i. e.
their wealth or limitations, depending on which resource is in question. The richness of
natural resources is observed and insufficient resource potential when it comes to agricultural
mechanization and the application of appropriate agro-technical measures, as well as the
demographic structure of Serbian agriculture.
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Table 1. Main structural indicators of agricultural resources in the Republic of Serbia

Name and description of agricultural resource

Utilized agricultural area (UAA) - according to the Census of Agriculture 2012
(SORS, 2013), in the Republic of Serbia - 3437423 ha; according to the SORS (2020): in
2017 — 3438130 ha; 2018 — 3486908 ha; 2019 — 3481567 ha (about 4% refers to the
Beogradski region, 45% to the Region Vojvodine, 30% to the Region Sumadije i Zapadne
Srbije and 21% to the Region Juzne i Isto¢ne Srbije). In the Republic of Serbia arable fields
and gardens make 74.5% of UAA, fruit plantations 5.3% (most plums od total productive
area under fruit trees), vineyards 0.6%, permanent grassland 19.5%, other agricultural land
0.1% of UAA (similar structure like according to the Census of Agriculture 2012). In the
Republic of Serbia, sown areas by species of crops are: cereals 65.9% (mostly maize and
wheat), industrial crops 19%, vegetable crops 1.9%, fodder crops 9.4%, sugar beet 1.6%,
potatoes 1.3%, other 0.9%. The structure of family holdings according to the utilized area
is: without land 0.9%; under 2.00 ha 39%; 2.01-5.00 ha 32%; 5.01-10.00 ha 16.9%; 10.01-
20.00 ha 7.2%; 20.01-50.00 ha 3%; 50.01-100.00 ha 0.7%; over 100.00 ha 0.3%. The
utilized arable land — average per holding is 6.5 ha for the Republic of Serbia, and it is
largest for the Region Vojvodine, i. e. 12.39 ha (SORS, 2020). According to the Census of
Agriculture 2012, in the Republic of Serbia: the average UAA per holding extends over 5.4
ha; the average number of separate lots of the UAA per holding is 6, and the average
separate lot covers 0.98 ha.

Livestock fund and bees - according to the Census of Agriculture 2012 (SORS, 2013),
in the Republic of Serbia: agricultural holdings raise 908102 heads of cattle, 3407318 pigs,
1736440 sheep and 26711220 hens. Of the total number of agricultural holdings in the
Republic of Serbia, 77% are engaged in livestock raising. Livestock is predominantly
raised in the Region Sumadije i Zapadne Srbije. The most represented size of herd for
cattle numbers 1-2 heads, pigs 3 - 9 heads and sheep 3-9 heads. Of the total number of
households raising poultry, about 88% raise less than 50 heads of poultry. The largest
number of beehives is noted for the Region Sumadije i Zapadne Srbije - in Zlatiborska
oblast.

Agricultural buildings - the number of buildings for cattle housing is 340337, with the
capacity of 2557926 places or 7.5 places per building on average; there are 507031
buildings for pigs housing, with the capacity of 7035648 places or 13.9 places per building.
The entire capacities for livestock housing were used in the following way: 36% capacities
for cattle housing, 46% capacities for pigs housing, 64% capacities for laying hens housing
and 81% capacities for other livestock housing. Thereby, 1804 holdings own cooler
facilities, 9510 holdings own drying facilities, 542 holdings own glasshouses and 40066
holdings own poly-tunnels (SORS, 2013 - Census of Agriculture 2012).

Agricultural machinery - according to the Census of Agriculture 2012 (SORS, 2013),
the number of tractors (with one axle and two axles) is 597816 (410894 two-axle tractors),
of which the major part, i. e. 583723 were used in the year of Census. About 50% holdings
own a tractor, but 95% of the total number of tractors is older than 10 years. On average,
one tractor is used for tilling of 8.5 ha. 26135 agricultural holdings own 31241 harvesters
of which 29702 are older than 10 years.

Mineral fertilizers - applied on 67% of the UAA (2298574 ha), by 491257 agricultural
holdings (SORS, 2013 - Census of Agriculture 2012).

Solid dung - applied by 49% agricultural holdings (306297), on 11% of the entire UAA,
i. e. 373871 ha (SORS, 2013 - Census of Agriculture 2012).
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Name and description of agricultural resource

Liquid manure & slurry - applied on area of 26405 ha, by 8002 agricultural holdings
(Census of Agriculture 2012).

Pesticides - applied on area of 2107311 ha, by 455103 agricultural holdings (SORS,
2013 - Census of Agriculture 2012).

Labour force - according to the Census of Agriculture 2012 (SORS, 2013): the
dominant number of agricultural holdings (69%) has 1-2 employed persons; the share of
females is 43% of the total number of members and employed at agricultural holdings;
most of holders of agricultural holdings (94%) also are managers at holdings; the share of
female holders of family holdings is 17%. The shares of certain categories of labour force
in the total number of annual work units invested in agriculture are: 44% - holders of
agricultural holdings, 47% - family members and relatives to holder, 4% - regularly
employed at agricultural holdings, and 5% - seasonal and contractual workers.

Source: Authors, based on SORS data, 2013 & 2020.

The Statistical Office of the Republic of Serbia conducted the Farm Structure Survey 2018.
Thereby, the funds for this Survey are provided from the EU IPA funds and from the Budget
of the Republic of Serbia. A total number of 121070 agricultural holdings were surveyed,
about agricultural land, livestock breeding, mechanization, labour force in agricultural
holdings and applied agro-technological measures. The results of this Survey showed (SORS,
2019):

o the total number of agricultural holdings in 2018 (626865) decreased relative to the

Census of Agriculture 2012 (631552), especially the number of holdings with less than
10 ha, while the number of holdings with more than 10 ha has increased;

o the average age of holder is 61 years (2018) - compared to Census of Agriculture 2012
(59), so that it increased by 2 years;
every 14" holder is above the age of 40;
most of the young holders are in the Regions of Sumadija and Western Serbia;

8 of 10 holdings use their own tractors;

83% of tractors are over 20 years old;

when it comes to the level of training of people who make decisions about agricultural
production in family farms, most of them have only agricultural experience gained
through the practice (274094) or high school (254538), while higher education have
32896 people, and courses in agriculture 1367 persons;

e within the farms with the status of a legal entity, most of the persons are highly
educated (881 people), with a high school 310 people, but only 174 people have
agricultural experience, and only 10 people attended the courses.

According to the results of the Census of Agriculture 2012, in the Republic of Serbia, of
the total number of agricultural holdings, only 0.5% are holdings of legal entities and
unincorporated enterprises. Other gainful activities are practised by 78301 holdings, i. e. 12%
of all agricultural holdings, of which the largest share (57%) is engaged in milk processing
(SORS, 2013). Farm Structure Survey 2018 (SORS, 2019) confirms the largest number of
agricultural holdings engaged in milk processing (37368) and in fruit and vegetable
processing (31816).

In the Republic of Serbia, the first case of COVID-19 was reported on 6 March 2020, and
the outbreak is still ongoing (Ministry of Health, 2021), which significantly affects the use of
agrarian resources and agricultural production, as well as food processing and distribution,
including export of agri-food products and rural economy. Consequently, in 2020, when
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compared to 2019, the net index of physical volume of agricultural production increased by
2,0%. In relation to the previous year (2019), crop production in 2020 increased by 4,6%.
Within the crop production, the value of crop farming increased by 4,4%, and the fruit
growing by 6,0%, while the value of viticulture decreased by 2,0%. The value of livestock
production decreased by 0,3%. Within the livestock production, pig breeding increased by
0,8%, while the value of sheep breeding decreased by 5,9%, cattle breeding decreased by
1,1% and poultry raising increased by 0,1%. In 2020, arable land participated with 74.3% in
the utilized agricultural area, fruit plantations (orchards) with 5.3%, vineyards with 0.6%,
permanent grassland with 9,7% and pastures with 9,5%. In the structure of sown arable land
areas, cereals participated with 66,8%, industrial crops with 18.9%, vegetables with 1.8%, and
fodder crops with 9,0%. When compared to 2019, in 2020 the total production increased for
wheat by 13,4%, and maize by 7,2%, while sunflower decreased by 12,7% and sugarbeet
decreased by 12,4%. Also, in 2020, when compared to the previous year (2019), the number
of livestock units decreased by 1.6%, and cow’s milk production decreased by 0.9%, but meat
production increased by 0.9%. The total agricultural output (goods and services) at producers’
prices of the current year, in 2020, when compared to 2019, increased, as well as utilized
agricultural area. According to the data of the value of exports by the classification of
activities, the value of agricultural exports increased in 2020, when compared to 2019 and
2018 (SORS, 2021).

3. COVID-19 AND OTHER KEY FACTORS OF AGRARIAN RESOURCES
MANAGEMENT IN THE REPUBLIC OF SERBIA

Numerous factors affect the management of agrarian resources and the development of
agriculture worldwide. Among these factors there are a large number of economic and
financial factors, and recently, in many countries, within the implementation of the concept of
sustainable development, in addition to the economic dimension, the importance of
environmental and social components for long-term successful development is growing. In
addition to the above, in modern conditions, especially since 2019, due to the outbreak of the
COVID-19 pandemic, the issue of health is becoming increasingly important, globally and
locally, at the macro and micro levels.

Figure 1. COVID-19 and other factors influencing management of agricultural resources
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The management of agricultural resources at the micro level is determined by the
macroeconomic framework and a number of other factors of internal and external nature
(Figure 1). In the Republic of Serbia, this effect is very pronounced, especially when it comes
to managing agricultural resources of family farms, since these farms make the largest group
of economic entities in domestic agriculture; therefore, numerous economic and non-
economic factors in the country and at the global level significantly determine the choice of
agricultural resources management models, especially concerning the small farms. The
agricultural policy of the Republic of Serbia, as a part of the development policy and
macroeconomic framework of the government, is also strongly influenced by a number of
domestic and international circumstances.

In the Republic of Serbia, agricultural policy and management of agricultural resources at
the macro level are defined by a number of strategic documents, among which the most
important are: Strategy for Agriculture and Rural Development of the Republic of Serbia for the period from
2014 to 2024 (2014); National Programme for Agriculture 2018-2020 and National Rural Development
Programme 2018 — 2020. The National Programme for the Revival of Serbian Villages (2020) is a
recent, professional and interdisciplinary programme, which is essentially a model for the
modernization of agriculture and sustainable rural development in Serbia. The process of
drafting the National Rural Development Programme 2021-2024 has also begun and this
document will be harmonized with previous national strategic documents, as well as the
principles of the EU’s Common Agricultural Policy (CAP). In accordance with the legislation
and in connection with the Sectoral Agreement between the Government of the Republic of
Serbia and the European Commission Setting out Provisions for the Management and
Implementation of Union Financial Assistance to the Republic of Serbia under the Instrument
for Pre-Accession Assistance in the Policy Area “Agriculture and Rural Development”
(IPARD), the Conclusion on the Adoption of the IPARD Programme of the Republic of
Serbia was adopted. (“Official Gazette of RS”, No. 30/2016-3, 84/2017-30, 20/2019-22,
55/2019-55, 38/2021-21).

4. REGULATIONS IMPORTANT FOR MANAGEMENT OF AGRARIAN
RESOURCES UNDER COVID-19 PANDEMIC

Regarding the regulations related to agriculture and management of agricultural resources, the following are
of great importance in the Republic of Serbia: Law on Agriculture and Rural Development (“Official Gazette
of RS”, No. 41/2009, 10/2013 - other law and 101/2016), Law on Incentives in Agriculture and Rural
Development (“Official Gazette of RS”, No. 10/2013, 142/2014, 103/2015 and 101/2016), Law on
Agricultural Land (“Official Gazette of RS”, No. 62/2006, 65/2008 - other law, 41/2009, 112/2015,
80/2017 and 95/2018 - other law), Law on Plant Protection Products (“‘Official Gazette of RS”, No.
41/2009 and 17/2019), Law on Waters (“Official Gazette of RS, No. 30/2010, 93/2012, 101/2016,
95/2018 and 95/2018 - other law), Law on Livestock Breeding (“Official Gazette of RS”, No.
41/2009, 93/2012 and 14/2016), the yearly regulations pertaining to the distribution of
incentives in agriculture and rural development — the Regulation on Determining the
Programme of Works on Protection, Arrangement and Use of Agricultural Land for 2021
(“Official Gazette of RS”, No. 32/21), the Programme for Winemaking and Viticulture
Development of the Republic of Serbia 2021 — 2031 (“Official Gazette of RS”, No. 154/20)
and etc. In addition to the abovementioned, the management of agricultural resources relies on
the National Strategy for Sustainable Use of Natural Resources and Goods (“Official Gazette
of RS”, No. 33/12), as well as other similar strategic documents of the Republic of Serbia.
The COVID-19 was discovered in December 2019 and quickly spread around the world,
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including Serbia, so many law regulations have been changed or added due to this coronavirus
disease, that is, adapted to new circumstances. Thereby, many of them are related to the
development of agriculture and management of agrarian resources under COVID-19
pandemic conditions.

In the Republic of Serbia since the proclamation of the COVID-19 pandemic special
attention has been focused on providing a sufficient amount of food to all parts of the country.
Stable food supply in the conditions of the COVID-19 pandemic requires that, in accordance
with the new situation, all necessary conditions be provided for the implementation of adapted
procedures and requirements regarding food production and sales (Risti¢, 2020), however, at
the same time, agricultural production must be free from obstructions and agricultural
resources should be managed rationally.

The regulations of the Republic of Serbia pertaining to the prevention of the spread of
COVID-19, which have been implemented from the beginning of the pandemic to the present
day, and which concern agricultural production, and therefore the management of agricultural
resources, are as follows:

e Decree on Measures for Prevention and Containment of Infectious Disease COVID-19
(“Official Gazette of RS”, No. 151/2020, 152/2020, 153/2020, 156/2020, 158/2020,
1/2021, 17/2021, 19/2021, 22/2021, 29/2021, 34/2021, 48/2021, 54/2021, 59/2021,
60/2021 and 64/2021);

e Decree on Establishment of the Programme of Financial Support to Agricultural
Producers by Purchasing Market Surpluses of Fattening Livestock in Difficult
Economic Conditions Due to the SARS-CoV-2 COVID-19 Pandemic (“Official Gazette
of RS”, No. 113/2020, 115/2020, 118/2020 and 126/2020);

e Decree on Financial Support to Registered Agricultural Households Through Facilitated
Access to the Use of Credit in Difficult Economic Conditions Due to the Disease
COVID-19 Caused by the SARS-CoV-2 Virus (“Official Gazette of RS”, No. 57/2020);

e Decree on Financial Assistance to Registered Agricultural Households in Order to
Mitigate the Effects of the COVID-19 Disease Caused by the SARS-COV-2 Virus
(“Official Gazette of RS”, No. 57/2020).

e Decree on Shifting the Deadlines for Holding the Regular Session of the General
Meeting of Shareholders and Submitting Annual and Consolidated Financial Statements
of Companies, Cooperatives, Other Legal Entities and Entrepreneurs, As Well As
Deadlines for Filing Corporate Income and Self-Employment Income Taxes, the
Validity of Licensed Auditors' Licenses and Licenses for Assessing the Value of Real
Estate That Expire During the State of Emergency Due to COVID-19 Disease Triggered
by SARS-CoV-2 (“Official Gazette of RS”, No. 57/2020);

e Rulebook on Conditions, Manner and Application Form for Exercising the Right to
Milk Premium ("Official Gazette of RS", No. 28/2013-15, 36/2014-16, 44/2018-27
(other law), 56/2020-7, 159/2020-53).

The COVID-19 pandemic affected the business of all economic entities, including in the
field of agriculture. However, fewer problems have been identified in the agricultural sector,
as it is more resilient and less dependent on other sectors of the economy. The outbreak of the
pandemic was the most difficult period for farmers in Serbia, because they could not bring
their products to market. Yet, in the conditions of COVID-19, farmers, in addition to other
types of support, were allowed to move freely during the curfew hours in order to cultivate
and reap their crops in time and apply all necessary agro-technical measures. The e-market of

157



ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

Serbia has also started operating with a diverse offer of quality food, which is presented on an
interactive map.

Having in mind the extraordinary circumstances surrounding the outbreak of the pandemic,
the longstanding problems that have affected agriculture in the Republic of Serbia for several
decades - even before the pandemic, as well as a number of limitations characteristic of the
modern environment, management of agricultural resources in the Republic of Serbia, both at
the macro- and micro-level, during COVID-19 pandemic can be considered satisfactory,
although, of course, there is always some room for better solutions, which should be realized
in the coming period; however, one must keep in mind the uncertainty brought about by the
course of events concerning COVID-19 pandemic and other factors. With this in mind, it is
important to develop a more solid base and a more appropriate model for managing
agricultural resources at all relevant levels, in the coming years, according to the specific
characteristics of domestic agricultural resources and in accordance with other factors that
determine the manner of their use. Namely, in the coming period, the management of
agricultural resources will be faced with a number of health, economic and financial,
environmental, political, law and other important issues.

5. CONCLUSION

Adequate management of agricultural resources, at the macro- and micro-level, is a
necessity in modern circumstances. The agricultural resources of the Republic of Serbia,
especially concerning the situation that brought about the COVID-19 pandemic, should be
used much more creatively and rationally, including a major role and support of the state in
that process, as well as a greater commitment of all other actors relevant to the development
of domestic agri-food sector and rural economy, especially greater commitment of local self-
governments, farmers and other rural population, as well as economic sectors that use
agricultural resources in their line of business.

Advantages of this research relate to the availability of relevant data, strategic documents,
regulations and previous research on the topic analysed in this paper, bearing in mind that the
authors have been researching this important and contemporary domestic topic, as well as
other similar and related topics, for years.

Limitations of this research refer to the limited scope of the analysis, due to the limited size
of this paper, which at the same time limited the number of researchers involved in this
research. A project on this topic would include the analysis of many more elements and many
more researchers from different fields of economics, law, management, agronomy, etc.

Possible applications of this research primarily refer to the introduction of new models of
agricultural resource management, in view of the fact that the paper points to the need for
better management of agricultural resources of the Republic of Serbia both at the macro- and
micro- level. Accordingly, the paper emphasizes certain directions that are considered
promising and important in terms of management of agricultural resources at the macro level,
i.e., institutionally, within the framework of agricultural policy and legal regulations in this
area, as well as at the micro level, i.e., at the level of individual agricultural holdings that are a
major category in the agriculture of the Republic of Serbia and which are characterized by a
number of resource potentials, but also many limitations that need to be overcome through a
modern approach to managing available agricultural resources.
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Corporate governance has been making inroads and expanding to sustainability governance
embracing the natural resources use and management. Strong legal background of principles,
policies, procedures, defined responsibilities, and accountability used by stakeholders to minimize and
dissolve the inherent conflicts of interest in sustainability management, finance and policies at the
corporate and regulatory levels. Legal and regulatory framework is enabling interaction between
various participants in sustainability, while shaping corporation’s participants in environment,
corporate responsibility and governance (ESG). Sustainability governance as a rather modern
concept is ensuring transparency and strong and balanced economic development for the firm,
protecting the interest of shareholders.
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1. INTRODUCTION

As natural resources are becoming more and scarcer, the management of those resources is
becoming evidently increasingly important. Natural resources, many of them are finite and
drastically are running out. The logical approach is to establish and implement in practice the
mandatory sustainable management. Since the total World population is increasing
exponentially there is a rising need to feed them, while we are aware that the arable land
remains constant or even shrinking due to the effects of various factors. Natural resources like
fish stocks, forests, and harvest arable land could be preserved for the future generation as a
crucial strategic crossroad for mankind. The previous reasoning and elementary logic is
increasingly relevant and becoming a part of the political and regulatory agenda of many
countries. The growth factor is not any more primary public concern, since it is evident that
the economic benefits from the use and exploitation of natural resources is dramatically
shrinking.

We should improve our understanding of the success patterns for management of natural
resources and sustainability and the role of governance and legal regulation in this process.
We are concentrating our research on the legal and regulatory framework for the sustainability
governance with a goal to present synthesis for the broader regulatory framework for
sustainability governance and reporting, based primarily on a new theoretical and
methodological approach.
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2. CORPORATE SOCIAL RESPONSIBILITY, SUSTAINABILITY,
ETHICS, GOVERNANCE AND LAW

New phenomena and initiatives are taking place especially in European Union (EU) to
establish and continually develop and implement new regulatory frameworks based on the
company law and concepts of modern corporate governance. Within the concepts of justice
and fundamental rights, EU is working on the proposal of a new directive, which in turn shall
enable companies to focus on long term sustainable value creation rather than short-term
benefits.

Corporate social responsibility (CSR) is a rather modern concept started after the World
War 11, as social consciousness arm in arm with civil rights, consumerism, and environmental
protection has become and shall stay endlessly a top global topic in public discussions and
practice. Contemporary SCR has transformed to a modern corporate language, in the focus of
the protecting interests of stakeholders. Business of the future shall generate more than
profits, they shall be and must be responsible and obey the law and pertinent regulation. At
the same level are aspects of ethics, social responsibility and consciousness. The expectation
of the public, voters, and non-governmental organizations (NGO) is increasing pressure on
modern businesses to do more, make more, be more responsible and responsive while striving
to maximize profits, but in a balanced and sustainable way on the future competitive, dynamic
global marketplace. CSR has become a cornerstone for benchmarking modern corporate
sustainability based on the corporate governance principles applied in practice, but all within
a wider and much deeper legal regulatory framework (European Commission, 2020). The
goal of the Commission is to improve the alignment of the interests of companies, as well as
their shareholder, managers, stakeholders and society. Based on the new directive and
national regulation companies shall be in a better position to manage effectively sustainability
matters in their own operations, and also in value chains while preserving and protecting
social and human rights, climate change, environmental management, and related fields.

The general regulatory e.g. legal framework for sustainability governance is the very new
concept and model which is taking place and developing nowadays. There is rather ample
previous work and contribution to this topic, so we shall try to draw the starting points and
lines which shall draw the boundaries and area for the sustainability governance with a focus
on external and internal corporate reporting.

2.2 Corporate Governance Concept Rediscovered

In the first iteration it should be made a clear distinction between corporate governance as
a broader embodied term and corporate management which is in charge of dealing and
controlling the people and operational processes within the firm. Management as a process
embracing planning, decision making, organizing and leading, motivating and controlling the
human resources, financial, physical, and information resources of the business entity in order
to reach its goals efficiently and effectively (ledunote, 2021).

Corporate governance is embracing the set of complex relationships between the
corporate’s top management team, the entity’s stakeholders. It embodies the corporate
structure through which business objectives and goals are defined, with the adequate means
and resources of achieving those goals, also with the specification of monitoring mechanisms
for the performance management and reporting mechanisms. Thus corporate governance is
also a strong preventive mechanism from business failures, collapses but also an excellent
vehicle and tool to achieve and maintain high ESG goals as results.
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2.2.1. Good Corporate Governance as a Solid Foundation of Sustainability Governance

Corporate governance is embracing the set of rules and corporate practices of the board of
directors. This framework is aiming to achieve accountability, fairness, and transparency in a
company’s relationship with all its stakeholders including creditors. Regulators, board of
directors, investors, customers, management, employees, government and the community.
Corporate governance regulatory framework, displayed on Graphic 1 is logically stressing the
legal and regulatory wide embracing view

Corporate governance practical functional cycle starts and ends with the corporate board
and accompanying committees, with a more than strong focus on legal and regulatory
framework and supporting systems. Functional cycle based on strong and precise hierarchical
structure and system of internal controls. Practical implementation is with a strong focus on
corporate policies, procedures and transparency in operations, performance and disclosure of
results, with an increasing focus on sustainability governance. The corporate future should be
viewed based on its impact to society and environment, while at the same time protecting and
prioritizing the interest of employees, shareholders, stakeholders and social responsibility, as
it could be observed on the 4(Smart Vision Logistics, 2021).

Board &
Committee

Policies, CORPORATE Legal,
Procedures, # GOVERNANCE { Regulatory
Transparency, — — & Systems

Hierarchy
& Internal
Controls

Graphic 3. Corporate governance regulatory framework

Sustainability governance is increasing accountability to shareholders, stakeholders,
employees, while with a strong base in ethical standards and values. Corporate culture is
developing based on the strong legal and statutory requirements and standards, while high
quality corporate financial reporting is a Sine Qua Non. Recently the model of corporate risk
management has been incorporated with the ESG into the body of sustainability governance
(Idowu, ed., Okpara, 2015).

John O. Okpara further delineates corporate governance to a host of legal and non-legal
principles and practices affecting control of the accountable publicly held business
corporations, but also not public interest entities (PIE) could and should freely apply those
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principles. As such the principles are balancing the risks and returns of sustainability
operations. The gates and framework of standard and classical responsibility of corporations
from shareholders with the environmental problems and with the concept of sustainability has
been broadened up introducing responsibility of managers not for daily operation but also for
the environmental effects and consequences. Now we are at the eve of the phase in which
walking shall be more important than talks, nice words and promises. Full accountability and
transparency reporting regarding sustainability, to balance corporate, environment and public
interests. The focus of corporate governance from the mid of the 2" decade of the XXI
century has refocused from the mitigation of internal conflicts and protecting the interest of
shareholders to protecting the environment and the Planet Earth, its natural resources.
Consequently, means and tools of preventing environmental disasters and good sustainability
governance are embracing preventing the conflicts of interests in the processes, customs,
policies, laws, and institutions which have an impact on the way a company is controlled and
directed, as it has been pointed previously (Idowu, ed., Okpara, 2015).

3. CORPORATE RESILIENCE AS A FOUNDATION OF
SUSTAINABILITY GOVERNANCE

Corporate resilience is a strength and capability of a firm to survive under the harsh
economic, environmental and social conditions in the future and it is the only solid foundation
of effective sustainability governance. The maturity model of corporate resilience Graphic 2
((Idowu, ed., Walker, Beranek, 2015) is depicting the evolutionary/revolutionary development
from the traditional corporate management towards resilient sustainability of the future.

The Maturity Model of Corporate Resilience Resilient Entrepreneurship

wise, non linear and human scaled
Management / Corporate Resilience

Sustainable Entrepreneurship

transformative and cooperative
Responsible Entrepreneurship Manng /8 o .
strategic, holistic and stakeholder

Fortuitous Entrepreneurship

uncoordinated / scattered
Management by Random / Luck

evolutionary

proactive
active

reactive

Graphic 2. The maturity model of corporate resilience

Corporations from the environmental scandals and ever increasing and more than strong
pressure to engage in sustainability governance from the reactive and passive stance of
uncoordinated activities and actions should make a drastic turnover towards active responsible
environmental operations and natural resources management. The imminent and near future is
in proactive attitude of sustainable transformation of the firm with ECS adaptive and flexible
management, leading towards evolutionary resilient firms, national and international
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economy. The corporation of the future shall be environmentally liable and responsible, based
on strong corporate and professional ethics, while protecting and preserving biodiversity,
innovation and sustainability. Corporate products, services, and the whole organization should
be based on ESG responsibly and adequate action.

4. EU INTEGRATION OF SUSTAINABILITY IN CORPORATE
GOVERNANCE CODES

Global as well as regional institutions like the EU are strongly committed to achieve the
goals of sustainability set by the Paris Agreement and the UN 2030 Agenda (Siri, Zhu, 2021).
New initiatives to foster sustainable corporate governance. Companies and businesses should
be dynamically evaluated on how they are achieving truly integrated long-term strategic
sustainable goals of managing natural resources. The next step in creating adequate legal
regulation is innovation of corporate governance codes with an aim to support the process as a
useful tool of sustainability governance, which is a rather complex and demanding task itself.
Based on the research (Siri, Zhu, 2021):

“Many authors investigated the effective implementation of corporate governance codes,
but a few considered the role of the codes in promoting environmental and social
responsibility.”

The aim of this paper is to comparatively evaluate the most recent steps and actions on
how to integrate sustainability considerations in corporate governance codes of listed and
non-listed companies within the EU Member States, which also could be used in the
candidate member states like Serbia and the other Western Balkans countries. In the period
to come adapted, remodeled and updated codes with a strong emphasis on sustainability
governance should be implemented in the practice of environmental and natural resources
management and policy at the corporate and regulatory level. Framework for the sustainable
finance portrayed on the Graphic 3, is explaining interlocks between the investors,
financial markets, entrepreneurs and the role of financial intermediaries. With a focus on
socially responsible investing and sustainable corporate finance and banking (Salzman,
2021).
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: markets i : :
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7 sustainable corporate finance .

......
...........................................................

’é{—;, ............................ & &
s % w o
. . . @
N ‘%‘z’@ : financial : J}é"”‘ .,n“'&‘
“g, %! intermediaries | & ¢
%, %, p o
% &

Graphic 3. A framework for sustainable finance
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Sustainable finance agenda is embracing the factors of legal regulation, cooperation,
increasing awareness, the care for ecosystem and regulatory framework which all are enabling
the sustainable finance agenda, as a way to enable continuous successful operation of
sustainable governance, see on the Graphic 4. (ADGM, 2019). Sustainable development is
the best and only way to preserve the national economy and environment for the future
generations. Effective regulation at the national, regional and global level is the way to
integrate diverse interests within the new and emerging regulatory framework, which should
be based on the best national and global practices. Regulation is the foundation of the
cooperative and collaborative efforts leading towards sustainable finance and banking
harmonized with the EU directives and guidelines, also with the UN 2030 Green Agenda.
Increasing awareness, information, and knowledge is a way to improve the results of the
sustainable finance agenda.
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Graphic 4. Sustainable finance framework and perspectives

Landscape in which sustainable finance are operating is founded on the ESG, sustainable
investing and governance, with an aim to increase the impact and participation of socially
aware and responsible investing, Graphic 5, ResearchGate Net, 2021.
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Graphic 5. Sustainable Finance Lendscape

Interaction between environment, society and sustainable governance within the integrated
finance is a way to integrate the aspects of climate change, protecting and preserving
biodiversity, stopping the greenhouse gas emission, managing the water consumption and
limiting the pollution, and managing the use of mineral resources. At the same level is equally
important the fight against social inequality, protection of human rights, balanced community
impact of growth, working conditions and preserving the diversity of society. Integration and
balancing of the environmental and social aspects and interests is a prerequisite for
responsible sustainability governance, with a focus on ESG field of action, Graphic 6, Global
Landscape Forum Org, 2021.

Environmental, social and governance (ESG) aspects of sustainable finance
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Graphic 6. Environmental, social and governance (ESG) aspects of sustainable finance
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Sustainable dimensions of risk capital are connecting the external and internal
sustainability shocks on the sustainable performance, integrating sustainable risk
management, sustainable corporate finance and risk capital to be invested in sustainability,
Graphic 7, Wieczorek-Kosmala, 2019. The concept of the dynamic role of the risk capital for
the implementation and management of the sustainable corporate operations is a vital one.
This is presently a dominantly theoretical concept of investing risk capital into sustainable
projects and operations, with a focus on the risk aspects of sustainable investments. Approach
of corporate finance is stressing the role of sustainability governance, since the traditional
sources of capital prefer traditional investment projects, and sustainability investments are a
young, new and not well established model nowadays. Risk capital is in some form of tension
of investing in sustainable businesses, that is the reason why new decision making processes
need further development and research of what is really going on in practice.

ENDOGENOUS AND EXOGENOUS SHOCKS
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Graphic 7 Effects of internal and external shocks on sustainable performance

5. ANALYSIS OF THE CORPORATE GOVERNANCE QUALITY OF
COMPANIES LISTED AT BELGRADE STOCK EXCHANGE

Ex-post metadata statistical analysis of the corporate governance quality evaluation and
assessment of the listed companies at Belgrade Stock Exchange, period 2013-2020,
comprised of the statistical sample of 50 reports, classified as public information at the
official website of the BELEX exchange. Methodology was based on IFC guidance and
application of the G20/OECD corporate governance principles, Ljutic, 2021. The overview
has been a solid foundation for the further improvement of the quality of corporate
governance in Serbia.

The new and emerging need for sustainability governance has not been incorporated in the
standardized filed corporate governance reports. This shall have negative effects on the future
investments in sustainability. There is an urgent need to improve the quality of corporate
governance with a new segment or module of sustainability governance. Also, there is evident
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need to make real qualitative improvements in business practice, not only in codes.
Sustainability transparency, full financial disclosure are prerequisites as non-financial
disclosure is the key for sustainability management, as increased performance of the ESG
shall become a turning point to attract investors to finance environmental performance and
stability. The quality of corporate governance reports of the listed companies at Belgrade
Stock Exchange is rather low, and those reports have not been the subject of external auditing
or any form of assurance, Ljutic, Diligenski, 2021. With the companies which are not public
interest entities (PIE) the situation could not be analyzed in a statistical review in a reliable
way, but some haphazard selection has pointed out that even the leading small and medium
enterprises in Serbia do not produce the corporate governance reports.

6. ROLE OF THE BOARD IN SUSTAINABILITY GOVERNANCE

Role of the Board of directors is increasingly focused and we could forecast that it shall be
from now on dominantly on the sustainability issues and good governance in this field. One of
the primary roles of the Board is to determine, monitor and effectively manage ESG factors as
identified as material to the business performance, concept of dual materiality.

Sustainability management and boards shall from now on walk hand in hand, Eccles,
Johnstone-Lous, Mayer, Strohle, 2020. The authors are strongly pointing out to the fact that
investors are increasingly monitoring corporation results of operation through the ESG optics.
There is increasingly evident the direct positive link between the long-term strategic
profitability and sustainability. There is a need to integrate sustainability into corporate
strategy and business model. Boards of directors should change drastically and profoundly
their attitude from the conservative reactive to proactive to adopt and accept wholeheartedly
the sustainability factors. The obstacle to long term environmental based growth is the short
termism and focus on the corporate value maximization strategies and tactics.

Boards in the USA and EU are talking more and more about sustainability but
unfortunately doing much less or in the worst case just nothing. The Boards should make the
right steps into the right direction to go to implement sustainability governance, Graphic 8,
Tebaldi, Bigliardi, Bottani, 2018. Generally top directors are rather reluctant and inert to new
trends and changes, more deeply with inherited historic memories and minds. On the other
side of the coin, the boards are more than heavily under the influence of corporate secretaries,
shareholders, and information from the inside and outside council.

New reality of the 2020 and 2021 with global pandemics COVID-19 is increasing pressure
on the top corporations to reconsider their “purpose and goals since the ESG problems are
knocking at the doors. How to define a strategic long-term corporate mission to survive and
sustain operations, how to improve and increase the positive impacts on the environment and
society. Only sustainable corporate strategy could create sustainable results for the
shareholders and positive impact on the stakeholders. Firms should redefine their purpose in
managing natural resources, since the corporate purpose, strategy and performance are closely
interlinked angles of the same phenomena. The future lies in necessary simplification, clear
language in defining sustainability objectives, understandable by all involved and interested.

Firms should be oriented towards their sustainable successful future, based on clear
financial but even more than that ESG objective. Next step is interconnecting the corporate
purpose, goals, values with strategy and capital investment decisions, based on the model of
sustainable finance.

Board of directors is developing and governing the internal control systems, processes and
corporate goals, all based on the strong ethical principles of sustainability governance, while
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at the same time improving direct communication not only with external participants but also
with employees within the firm. Managers’ rewards, perks and bonuses should be directly
related to the results of sustainability governance. Although managers are narrowly focusing
on superior financial performance and indicators, more and more sustainable performance is
contributing to the profit maximization. Risks of environmental hazards are visible and
palpable, consequently the responsibility of top managers’ board members is to address those
risks, and manage them properly, with a focus on value creation of the economy based on the
ESG performance.
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Graphic 8 Role of the Board in Sustainability Governance

7. ROLE OF BANKS IN SUSTAINABILITY

Banking globally and in the EU is facing the rising competition of non-banking services.
The European Banking Authority (EBA) is oriented to sustainable finance. The aim is to
integrate environmental, social and governance (ESG) interests and embody them into a set of
new unified criteria for banking financial services. Thus EU banks and consequently in Serbia
and in the region of Western Balkans countries shall finance and support sustainable
economic growth based on the sustainability governance performance of their clients. Banks
are increasingly aware and focusing on increasing the transparency of reporting about the
need to mitigate the risks of ESG operations. Steps into the right direction is to support
adequate ESG management of the clients, long-term overview of the natural risks, new
problems of valuation and pricing, down-turn of economic activity. The European
Commission in March 2018 published its Action plan on Financing Sustainable Growth,
European Commission, 2018. This plan is mapping the strategy on sustainable finance. It is at
the same time a roadmap for future work and development across the financial system with
identified key priorities, and with the ESG criteria and role to be incorporated into the
monitoring of market practices of sustainability, Graphic 9, European Banking Authority,
2021.
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New EU banking regulation shall strongly emphasize and stress the key importance of the
monitoring system and supervision. Sustainability disclosure regulation shall be all inclusive,
and with full transparency in all phases of reporting (pre-contractual, progress periodic and
final reports. Risks of ESG shall be incorporated into the risk management corporate model
(physical and transition risks) following with the full assessment of prudential treatment. It
should include taxative all the individual exposures associated with the environmental and/or
social responsibility and objectives.
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Graphic 9 Role of European Banking Authority (EBA) in Promotion of Sustainable Finance

National governments should create and continuously improve the quality and
transparency of the reliable policy framework, while designing the forward-looking integrated
reporting, see: Graphic 10, German Watch Org, 2021. This process is leaning on the
systematic build and growth of the knowledge base, with a view on the present but also future
financial products with an impact on ESG factors and indicators.
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Graphic 10 The Sustainable Finance Committee’s Recommendations: 2021-2025

New research is showing a positive relationship between ESG and financial performance
for 58% of “corporate” studies. The researches from the Stern Business School focused on
operational metrics (performance indicators like ROE; ROA) or stock price with 13%
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showing neutral impact, 21% mixed results (the same study finding a positive, neutral or
negative results) and only 8% showing negative, Whelan, Van Holt, Clark, 2020. There is still
unclear correlation between different types of investment strategies and asset classes in the
financial analysis of ESG performance. The big complexity is between the financial material
issues and non-material, that is an obstacle to more certain conclusive results. Only
corporations with strong sustainable strategies, driven by innovation, employment relations,
supplier loyalty, customer demand, ESG risks mitigation and strong operational ESG
efficiency have a bright future, as the previously quoted group of authors rightly concluded.
The following Graphic 11 is showing the feed-back mechanism between the ESG and
financial performance, Wiso Univ. of Hamburg, 2021.

Graphic 11 Links and Interactions between the ESG and Financial Performance

Accounting and auditing profession, especially small and medium practices (SMP) having
small and medium enterprises (SME) as clients are playing a crucial role in promoting
sustainability governance, Graphic 12 Accountancy Europe, 2021. Accountants are in the
unique professional position as trusted advisers to their clients. SMEs have a crucial and
significant role to enhance sustainability by increasing accountability, transparency,
developing policies to address ESG segment, while effectively managing ESG risks,
communicating with shareholders, maintaining knowledge about sustainability.

Survival of the planet is at stake. Accountants can help firms transition towards a long term
sustainable strategy reflecting ESG criteria and performance measures. The UN are pushing
and leading the initiatives towards a long-term sustainable strategy, which nowadays strongly
supports and promotes the EU. New sustainable corporate strategy is embracing both
dimensions, financial and non-financial as depicted in the new concept of sustainable finance.
Firms should and must discover how they create and destroy the value of natural resources,
and adapt strategies to achieve the goals of ESG from measuring, over disclosing ESG
performance towards gaining in add credibility. Sustainability governance shall provide better
corporate information, provide independent assurance, encourage ESG goals, help firms
implement ESG regulation, better evidence negative costs impacts on the ESG criteria,
improve corporate monitoring and benchmark measuring.
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Graphic 12 Role of Accounting and Auditing Profession in promoting sustainability
governance European Commission and EU are fighting climate change through ambitious
policies at home and in close cooperation with international partners, Graphic 13,
Interdependence Coalition EU, 2021. Key EU legislation and policies shall cover: EU
Emissions Trading System, National targets, ensuring forests and lend, reducing the
greenhouse gas emissions from transport, boosting energy efficiency, promoting innovative
low-carbon technologies, phasing down climate-warming, protecting the ozone layer,
adapting and funding the European Green Deal.
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Sustainable finance is a new concept and model which consists of the process of taking
ESG considerations into account when making investment decisions in the financial sector,
Graphic 14, DLA Piper, 2021. Long-term investments in ESG operations, in sustainable
economic activities and projects. Sustainability governance of private and public institutions
includes management structures, social inclusion, labor relations, human capital investments
as well as investments in local communities, as well as human rights issues. The sustainability
governance plays a fundamental role in balancing ESG considerations in the decision making
process.
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data and ratings
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Disclosure on ESG 55 based investment

in investment advice

Transparency in
corporate
reporting |
accounting

Sustainability in
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Graphic 14 New EU Sustainable Finance Framework

ESG investments should be based on innovation support for businesses, but also
consultancy firms which are implementing consulting projects, consultancy and research.
Effects of sustainable investments should be viewed through the lens of ESG effects on firms,
sector, size of business and geographic location. Close cooperation of all involved at all stages
of the project cycle is a vital ingredient of success, Graphic 15, Sustentia innovacion social,
2021. Sustainability governance as a new form of responsibility must be embodied by the
companies and all involved operating entities, with integrated ESG strategies into business
operations, but also the protection of human rights and consumers. Sustainable governance
responsible and credible business entities should take into account all stakeholders through
the process of ESG management.
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Graphic 15 Strategy Advises how to Reorient Capital Flows into Sustainable Investments

8. CONCLUSION

Sustainability governance framework is encompassing aims like:

1. The contractual aspects (explicit and implicit contracts) between the business entity and
the stakeholders, for the proper distribution of responsibilities, rights and rewards in
operation and business involving natural resources.

2. The prescribed written procedures for detecting, reporting and reconciling the
occasional conflicts of interests of stakeholders, with a wider view with their duties,
privileges and roles vis-a-vis ESG.

3. Corporate procedures for proper supervision, control, monitoring and information-
flows, which all are to serve as a system of checks-and-balances (system of internal
control).

When a company has a strong sustainability governance it is emitting signals to the market,
general public and all interested that the entity is well managed regarding sustainability, with
balanced interest of management and external stakeholders. As a result, the company with a
strong sustainability governance is having a strong competitive advantage.

177



ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

Sustainability governance is encompassing all laws, regulations, codes and practices that
define how a company is navigating through the tumultuous waters of sustainability, by
strong control of ESG risks, streamlined and consistent organization’s procedure. With good
sustainability governance the firm is achieving efficient business processes, minimizing
errors, reducing costs and waste, smoother running operation, and regulatory compliance.
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ABSTRACT

A personal brand in a digital environment is a reflection of a person and, above all, gives a
personalized note to those who intend to present themselves in the best possible light. It represents the
desired image that someone wants to place about himself or herself in public, woven of values,
reputation, behavior, manner of communication, negotiation, skills, manner of dressing, as well as the
image of that person. Virtually everything a person does can affect his/her personal brand. Personal
branding has proven to be very useful in career development in social media, especially in the difficult
conditions caused by the Covid-19 pandemic. Therefore, the main goal of this paper is to offer,
primarily to professionals who are looking for a job or want to advance their careers, useful
knowledge and skills in this field in order to better stand out, and to increase their chances in difficult
conditions in the global labor market.

KEYWORDS
Personal Branding, Social Media, Career Development, COVID-19.

INTRODUCTION

Although a large number of researchers today deal with personal branding on social media
(a fairly young phenomenon), these studies are still limited mainly to the United States
(Molyneux, Holton, 2015). It is increasingly emphasized that owning a personal brand is
important not only in the media and politics, but also has an increasing role in professional
life (Trzeciak, 2015). A personal brand is an understanding of what is truly unique about a
person, and is a useful tool that can allow us to differentiate ourselves in the job market, but
also influence our career decisions. By presenting the true self, it is possible to attract what a
person really needs to achieve, the desired goals (Aruda 2009). Personal brand development is
a continuous process that involves interaction with other people in face-to-face
communication and in an online environment (Hearn, 2008). Personal branding is not only
about managing impressions, but also narration has an important role in the success of
personal branding, ie the introduction of narrative elements in building your own brand
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(Cunningham, 2013). Due to its specificity, the personal brand captures the attention of
theorists and practitioners, but in the marketing literature it is still more focused on the brand
of products, services or corporate brand (Milovanovi¢, Lukinovi¢, Baltezarevi¢, 2018).

An individual's personal brand is a reflection in the mirror of all his or her abilities, skills
and way of life (Gehl, 2011). A personal brand relies on a strong presence in a digital
environment that conveys elements of the brand and authentically reflects the beliefs and
aspirations of the individual. In the age of digital media, self-branding tactics include creating
and maintaining personal websites and blogs of social and network profiles, as well as using
search engine optimization techniques to facilitate but encourage access to information that
someone wants to share with their target audience (Labrecque, Markos, Milne, 2011).

In order to be effective, a personal brand must challenge the basic perceptions of the
audience, ie to show that person is different, new and original, that is better (to encourage the
belief that you are among the best, in some way, in everything you do) and of course that
person is authentic (Montoya, Vandehey, 2003).

There are several major social media platforms used by higher education professionals -
LinkedIn, Twitter and blogs that offer many more opportunities to create professional
connections, which can be created face to face and certainly provide help to share and
promote someone’s work to a wider audience. They are especially practical if the users are
working in different countries (Gander, Moyes, Sabzaleiva, 2014).

At the beginning of the pandemic, job vacancies decreased, and by the end of April 2020,
they had dropped by more than 40%. This collapse had a broad basis and affected all
American states (Kahn et al., 2020). However, all other countries in the world have
experienced a similar fate. All over the world, the fight against the epidemic involved the use
of a "physical distancing" strategy, which meant limiting physical contact between people.
This has led to greater use of social media platforms, which helped people to connect in
business, education, but also in social interactions. Platforms such as Zoom and Microsoft
Teams have seen exponential user growth during pandemics (Bary, 2020). When the world
faced a pandemic, the digital environment became the only place for communication,
entertainment, but also for doing business or looking for new business opportunities. Of
course, all this has conditioned people to quickly adapt to the new conditions, to enrich their
skills and do everything in their power to attract attention, to stand out from the competition,
and thus increase their chances for career success.

PERSONAL BRANDING

The brand presents signals to the customer about the source of the product, and at the same
time, protects the producer and consumer from different competitors who would try to
produce identical or similar products (Aaker, 1996). A brand is a name, design, symbol or
sign that increases the value of a product above its functional purpose (Farquhar, 1989). A
strong brand ensures intense consumer loyalty, representing something that simplifies the
selection process by confirming functional or emotional associations. Experiential or
emotional associations promise a successful brand that creates consumer value (Doyle, 2001).
At the heart of a successful brand is a great product or service, supported by creatively
designed and executed marketing, careful planning and long-term commitment (Kotler,
Keller, Koshy, Mithileshwar, 2009). The brand can also be understood as a product with
many added dimensions that distinguish it from other products, designed to meet the same
desires and needs of consumers (Keller, 2003).
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In recent years, the personal brand has become a frequent and effective way of
communication between a person and his or her public. It allows individuals to differentiate
themselves from the competition on the basis of uniqueness and different values (Morton,
2011). With personal branding, one can introduce him or herself much more broadly outside
the resume, and further identify who they are as individuals, offering additional important
information to corporations on how they can benefit if they choose to hire them. Self-branding
can be understood as a form of thinking about oneself as a brand, or as a product that can be
creatively and strategically viewed in a highly competitive labor market to bring maximum
value to both the individual and their current or potential company (Barnett, 2010). What
many people do not understand is that with today's progress of new media, although they are
not aware of it, they may already have some form of personal brand. If someone just types
their name in an Internet search engine, they will most likely find a list of at least a few results
that contain this person’s name, which contributes to their personal brand (Bitti, 2007).
Personal branding goes beyond the online environment and involves personal self-
presentation. Creating a strong personal brand means projecting a strong consistent image of
oneself in the way a person speaks, how he/she behaves, what can be concluded from their
body language etc. The next step is to take control of their visibility in order to manage their
own PR (Everett, 2008).

In the age of digital tools, which are necessary in the process of building a personal brand
and enable efficient communication, traditional tools such as letters, telephone or fax have
didn’t lose their importance and it is believed that such personal communication, verbal and
nonverbal will not be so easily overcome. In order to self-promote in cyberspace, a
professional can wuse various information and communication tools such as:
professional networking portals, such as LinkedIn - which allow people to present their
professional profile online and share their career achievements. Professional networking
portals provide an opportunity to build a business network, but also to show the careers of
other users whose successes can be an inspiration for their followers; Blogs, such as Twitter,
or BlogSpot - allows posts in the form of text or images that are dedicated to specific topics.
Blogs enable the exchange of ideas between authors and readers and thus encourage the
development of a certain area. Discussion forums - are one of the most popular methods of
communication that bring together people who are interested in a particular topic, allowing
them to establish contacts, exchange information, but also to oppose their views and opinions;
Social networks, such as Facebook, connects users who also share the same opinions and
interests. Social networks are considered a very effective marketing tool for transmitting
specific information;  Services that include interactive content, such as YouTube, or
Slideshare, offer the opportunity for people to promote themselves in an online environment
by posting interactive content such as videos, or presentations; Photo upload sites, such as e.g.
Instagram and Pinterest are sites that give people the opportunity to present themselves or
their interests by uploading photos or stories that can be accompanied by a music theme;
Video CV - is a relatively new and useful way to make one person stand out in the crowd. In a
short video, not only professional skills can be shown, but a person can also be presented as
an individual with its specific character traits, which can add a more personalized dimension
to a resume; Personal website is another useful way to share reliable information about a
person and his/her goals, achievements, activities, passions, etc. An email is an online tool
that is often used and allows people to exchange text messages (or multimedia content) with
other people (Figurska, 2016).

The concept of personal branding is derived from the same basic concept of product
development and promotional strategies that are transformed into self-promotion and personal
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development of the individual. The personal brand represents a relatively new concept,
applied by different professionals in different fields such as athletes, businessmen, politicians
and musicians (Shepherd, 2005). Fortunately, the technology of the modern age has enabled
everyone in the world to build the reputation of their own brand through content, engagement
and hard work (Schawbel, 2015). A personal brand should represent a virtual version of a
person. It is considered that the relationship is crucial in defining a business or personal
brand. In both cases, brand recognition is an iterative process with an enriched emotional
component that describes the overall relationship experience (McNally, Speak, 2004). In the
process of developing a personal brand, in order to be attractive to the audience, requires
understanding the current professional identity, forming targeted communication and
understanding effective communication channels (Ward, Yates, 2013), this is followed by a
phase in which it is subsequently assessed whether the created image adequately meets one’s
desired goals (Khedher, 2014).

A personal brand consists of the values, reputation, behavior, skills and image of a person,
basically, everything we do affects our personal brand. From the way we communicate, how
we dress, how we negotiate, how we treat our obligations, to how and whether we keep our
promises, it all individually and together affects the building of our personal brand (Montoya,
Vandehey, 2003). Branding people requires more than charts and research. It is a living
person, who breathes and who can change his/her mind in the middle of the process
(Baltezarevi¢, Milovanovic, 2014).

DEVELOPING ONLINE PROFESSIONAL IDENTITY

One of the main reasons for the dizzying success of social media is their ability to
automatically segment the market (Wright, Khanfar, Kizer, 2010). The world is in the age of
mass communication. In such a world, people turn to the media from which they expect
information as facts from the world around them. The connection between technology and
society is growing. Widespread use of the Internet has opened the door to the cyber world.
People are thrown into a virtual space where they can become members of one of the many
virtual communities and satisfy their needs for communication and information that this
technology enables (Baltezarevi¢, Baltezarevi¢, Baltezarevic, 2016).

In the field of information technology, innovations take place very quickly and are
introduced through social networks and online websites. LinkedIn, Twitter, Facebook, etc.
provide new patterns of social interaction and communication (Sapountzi, Psannis, 2018).
Social networks mediate the creation of communities and networks by encouraging
participation and interest. It is a term used for online tools and websites that provide users
with the ability to communicate with each other by sharing information, opinions and interests
(Scissons, Vo, Sim, 2015).

Social networks can be defined as a set of information technologies that facilitate
networking and interaction (Kapoor, Tamilmani, Rana, Patil, Dwivedi, Nerur, 2017). Social
networks can be defined as "Internet-based, disintegrated and persistent channels of mass
personal communication, which facilitate the perception of interactions among users, creating
value that primarily stems from user-generated content” (Carr, Hayes, 2015: p. 49). Social
networks refer to computer-mediated technology, enabling the growth and exchange of
awareness, interests, ideas, information and other methods of expression (Nielsen, 2017).
They can also be defined as “a group of Internet applications based on the ideological and
technological foundations of Web 2.0” (Kaplan, Haenlein, 2010: p. 61).
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Internet communication and the whole cyber culture show an inseparable connection
between society and technology. Social interactions, together with the creation of virtual
identities of people, social relations and communities, lead to scenarios in which computer
technology and virtual communication actually form a parallel society and a new virtual
cultural space (Baltezarevic, Baltezarevic, 2016).

Although personal branding is useful for an individual, it is also an important aspect of
their professional environment. Personal branding teaches the individual how to stay relevant
to the market and the latest thinking (Kaputa, 2005). Being up to date with current market
information makes a company and an individual look better for all followers of a personal
brand. Also, a personal brand can be a reflection of everything a person stands for. It can also
help grow a personal network, which is a great tool for promoting career success. Networking
is a basic part of job seekers today. Most people will not get a job if they do not know
someone personally in their desired field of work (Schawbel, 2010). Having a large and
strong network will help an individual to stand out among the competition when applying for
a job. When an employer knows someone in their personal network, they are more likely to
trust an individual, which leads to a higher employment rate. "Business success is based on
accessibility. Networking gives you accessibility” (Kaputa, 2005: p.138).

A large number of studies have explored how people construct their identities in both
offline and online environments (Kozinets, 2002). It is not uncommon to claim that formed
virtual identities differ from each other, depending on digital platforms. Most of these
relationships in the online environment are based on real-life relationships, so individuals
connect online mostly with people who know offline (Birnie and Horvath, 2002). The online
environment offers a wide range of platforms for identity formation in order to establish or
maintain social relationships, such as social networks, chat rooms, multiplayer games, dating
websites, etc. (Ribeiro, 2009).

Feedback from other users of the Internet affects people's perception of themselves, which
is inevitable significantly contributes to the development of people’s identities on online
platforms (Yurchisin, Watchravesringkan, McCabe, 2005). This is supported by earlier
studies describing that individuals examine their actions, and cognitive values from the
perspective of other people with whom they interact (Goffman, 1990). Individuals’ responses
to the perspective of others are twofold. The perspective of others consisting of social groups,
family members and peers can be described as “significant others”, and have a stronger
influence and the greater role in the construction of human identity (Mead, 1934). Individuals
often adhere to the norms and expectations of the society. Such conformist behavior may be
due to the individual's need to be accepted by the social group, or by a desire to emphasize
their social status (or to conceal current status, if not satisfied), or eventually, his behavior is
conditioned by the elementary need for survival.

Relying on the theory of social capital (Coleman, 1990), according to which online social
connections can provide access to valuable resources, it can be confirmed that the use of
embedded resources in the online network can be useful for increasing employment and
professional development (Manzoor, Wei, Banyai, Nurunnabi, Subhan, 2019). The tools used
for personal branding are diverse and include blogging, Facebook, Instagram, Twitter, Quora,
Pinterest, YouTube, Slideshare, wikis, videocasts, as well as podcasts (Chen, 2013). It is
important that professional profiles are regularly updated, to be able to convey academic and
business history, and provide a concise list of accomplishments, as well as career goals
(Clark, 2011). Nowadays, LinkedIn is considered a top professional site for connecting with
industry and academia professionals and for demonstrating expertise and skills (Poeppelman,
Blacksmith, 2014). LinkedIn profiles should include recent, professional photography and an
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accurate academic and personal history that highlights personal accomplishments (Morgan,
2011). It is important to maintain a virtual resume in order to demonstrate skills and abilities
in the most relevant way (McCorkle, McCorkle, 2012). It is recommended to enter keywords
on a LinkedIn profile to help search engines and recruiters to facilitate the process of finding
suitable candidates for a specific business position (Schwabel, 2009). LinkedIn is considered
a top professional social network with over 133 million users in the United States alone and
reaching 200 countries and territories worldwide. According to the Jobvite Recruiter Nation
Survey, 87 percent of recruiters use LinkedIn to search for candidates. What is considered the
most important in the profile of candidates towards recruiters is above all "authenticity”. A
profile on this platform should represent a more dynamic approach to presenting your
experiences, skills, goals, what you know, what interests you in a professional context. It is
also necessary for the information to be as complete and fresh as possible, because in that way
more opportunities for successful career development will be provided. So it is necessary for
users to regularly update their profile, to be comprehensive about current skills and goals, and
to highlight their recent experience (Suder, 2021).

PERSONAL BRANDING AND CAREER DEVELOPMENT DURING THE
COVID-19 PANDEMIC

When the world faced a pandemic Covid-19, in addition to human health, it endangered the
entire world economy. Many companies have failed to survive in these difficult conditions.
Some have reoriented their business and sent their employees to work via computers from
their homes. However, a large number of workers lost their jobs. At one point, many people
faced existential problems, and the only opportunity for communication and possible new
employment opportunities was reduced to the online environment. The situation on the labor
market, even before this world crisis, was very demanding in terms of finding a job due to
great competition, and it seems that it has reached a critical level with the beginning of the
crisis. To most people, at least to those who were actively looking for a new job, it became
clear that in the sea of those who offered their skills and knowledge to recruiters on
professional networks, details and specific digital account management skills (including
knowledge of personal branding) can create a better starting position, and increase the
chances of employment.

A social media has made it easier for people to do business, due to the fact that it is
opening up a global market, and it is also cheaper to advertise (Susanto, Almunawar, 2015).
The Internet and social networks, as a medium of mass communication, are increasingly used
in business, but also in representing individuals as potential business associates. Although
many professionals and organizations are still reluctant to use social networks during crises, it
is undeniable that this medium creates a long range of benefits, conveying potentially
valuable information to stakeholders, supporting crisis management, but also facilitating the
recruitment of new workers.

Crises can be defined as major events that result in potentially negative effects on an
organization, business or industry and affect the public, product, service or reputation of the
organization and the normal functioning of the organization, and even threaten its survival
(Byrne, 2010). In addition to the basic preservation of human health, during a crisis, it is vital
that every organization communicates adequately with the public, as this is one of the main
ways for an organization to maintain or repair its reputation. A crisis, as an unexpected and
sudden event that creates uncertainty and jeopardizes the organization’s priority goals, can
damage a company’s reputation and result in financial losses (Dean, 2004). When a crisis
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occurs, organizations and individuals need to change their behavior, beliefs, and values. In
some situations it is necessary to improvise and take on more roles than usual (Pearson, Clair,
1998). Technological advances in crisis situations change and disseminate information to
affected communities in the best and easiest way (Veil, Buehner, Palenchar, 2011). These
methods include micro-blogging, blogs, video sharing, social networking sites, content-driven
communities, and professional networks (Walaski, 2013). Weiner (2006) pointed out the need
to meet the requirements of today's information and media dynamics by implementing digital
communication channels in times of crisis. Social networks can be an effective
communication platform used not only to reduce the impact of the crisis, but also as a means
of sharing knowledge and crisis management by the organization (Yates, Paquette, 2011).
Coombs (2007) said that during the crisis, the relationship between stakeholders and the
organization can be damaged, which as a result can affect the reputation of the organization.
Reputation is very important for the organization and it is a resource that has the ability to
bring customers, investors, attract highly talented employees, produce better business results
and ultimately build a competitive advantage. According to Edmund and Balmer (1998),
corporate reputation indicates a value judgment about a company's properties and develops
over time as a result of continuous performance, improved by efficient communication, while
corporate images in consumer minds can be formed more quickly through well-designed
communication programs.

It may never have been harder in terms of career development than during the pandemic.
According to the results of the research, since the beginning of the pandemic, 305 million full-
time jobs have been lost globally. Young people are particularly badly affected. LinkedIn has
analyzed millions of job ads on their platform to pinpoint what employers are most currently
looking for. They found that the most sought-after skills in candidates were the so-called "soft
skills”, including communication and problem solving. This reflects previous research by
organizations including the World Economic Forum and Deloitte, which in their Report on
the Future of Jobs explored the skills that will be needed in the Fourth Industrial Revolution.
Five desired skills have been identified: Communication - perhaps the most important for
employers. As Covid-19 increased the adoption of remote work software, the need to achieve
the “right tone of voice” increased. It is recommended that you leave the right impression
with the tone you adopt in texts and e-mails. Another skill required is problem solving. It is
about identifying the task, breaking it down into its components and solving it. A candidate's
analytical skills can also improve his/her chances of career success. Focused thinking can help
at every level of the organization, as companies face difficult choices and make important
decisions on a daily basis, from changing the number of employees to budgeting. The fourth
skill required is related to customer service. Regardless of the level of management and the
industry you target, you need to create a positive experience for those who hired you. Due to
the pandemic, retailers have reoriented themselves to the online network, in order to serve
customers stuck at home. Great customer service can make a difference in new conditions.
China is a good example, and it is currently considered to have very successfully penetrated
the secrets of successful e-commerce during the pandemic, providing users not only with
speed, but also with security. In the end, though, no less important skill is leadership. Rarely
are there only two choices in a difficult situation, you need to make a clear list of your
priorities and avoid thinking in a binary way (Kretchmer, 2020).
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CONCLUSION

The global pandemic has caused a lot of damage to both human health and the world
economy. Even in the first months of the crisis, a large number of layoffs were recorded.
Many companies have failed to cope with these difficulties and have suspended their
operations. On the other hand, all those who had reoriented their business to an online
environment, offering its consumers the opportunity to order services and products online and
have their needs and desires met by home delivery, managed to survive. Due to the
recommended health measures and social distance, many employees were sent to their homes,
from where they performed their business duties remotely via their computers. It is considered
that this period was one of the most difficult to find a new business engagement, both because
there were significantly fewer business ads on professional online platforms and the Internet
in general, and because of increased competition, although it can be said that the situation in
the labor market even before the pandemic was very complex. Those people who quickly
adapted to the new conditions and enriched their digital skills, but also the knowledge offered
by personal branding, had a better chance of more adequately positioning themselves on the
market. In the age of the pandemic, recruiters are looking for those who are authentic and
stand out from the crowd, while satisfying the growing need of possessing refined soft skills.
Personal branding methods in the digital environment have gained importance in such
conditions. Providing a competitive advantage and differentiation, which strengthened the
starting position, in conditions when even the slightest positive activity or change could make
a significant difference in terms of career advancement.
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ABSTRACT

COVID-19 pandemic has significantly disrupted Public Health Care on a global scale since Health
Care Systems were not well prepared for an outbreak of this magnitude. The use of e- health
technologies have surged worldwide during COVID-19 pandemic because they can contribute to
reduction and mitigation of the advancement of the epidemic by respecting social distance measures.
Telemedicine can provide support to the healthcare systems, especially in the areas of public health,
prevention and clinical practices. Nevertheless, evidence suggests difficulties in the implementation of
the new technological advances in Health Systems. In order to realize benefits from new technologies
additional attention needs to be given to organizational change, workflow redesign and human factor
issues. It is important that the structural design and culture of the organization is associated with the
predominant national culture. Harmonious alignment of these two factors supports effective
organizational learning that promotes effective utilization of the new technology.

Authors are presenting a study designed for introduction of appropriate implementation
methodology for sustainable e-health projects. Special attention is given to certain dimensions of
national culture which drive the optimal selection of organizational culture and structure.

KEYWORDS

e-health, telemedicine, health management, sustainable implementation, organizational culture,
cultural dimensions, COVID-19 pandemic

1. INTRODUCTION

Due to the rapid progression of SARS-CoV-2 virus in human population and spread of the
COVID 19 disease, the usual capacity for Health Care is globally exceeded and Health
Systems and governments are in a state of constant exertion. One of the most important
strategies to reduce and mitigate the advance of the epidemic is social distance measures. In
that context Telemedicine can provide support to the healthcare systems, especially in the
areas of public health, prevention and clinical practices (Adlhoch et al. 2020;
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www.ecdc.europa.eu/en/publications-data/considerationsrelating-social-distancing-measures-
response-covid-19-second)

There are many definitions of telemedicine. For example, Hayes and associates defines
telemedicine as the use of electronic services for the transfer of medical data from one side to
the other through the Internet, phones, computers, satellites or video conferences in order to
provide health care services (Hayes et al, 1996). According to Reid, telemedicine represents
use of complex technology for the exchange of information of health and health service
delivery, where there are geographical, temporal, social or cultural constraints. Telemedicine
includes the use of information and communication technologies, and two way interactive
audio/video connection and a computer. This allows the provision of health services to distant
patients. This facilitates the exchange of information between primary care physicians and
specialists who are far from each other (Reid, 1996).

The World Health Organization (WHO) has adopted the following definition of
telemedicine: "Providing health care services, where distance is a critical factor, by health
care professionals using information and communication technologies for the exchange of
valid information for diagnosis, treatment and prevention of diseases and injuries, research
and evaluation, and continuing education of health care providers, and all in the interest of
improving the health of individuals and their communities "(WHO, 1998).

Telemedicine seeks to provide advice and support, and to reduce the chances of illness or
injury. Historically, technology has evolved over the centuries to give the population a better
future. That is why greater interest is to improve medical and health technology and to
provide more efficient and accessible services to as many people as possible (Dobrovic,
Peli¢i¢, 2020).

The application of telemedicine has many benefits, including environmental sustainability.

Research in California, US, shows that in terms of saving carbon, each telemedical
consultation on average is about 330 kilometers of preserved travel for a single patient. It also
achieved the following ecological benefits:

1) Total reduction of about 1.5 billion kilometers of travel and 6 hours of time spent per
patient needed to visit this university clinic.

2) Savings of about 700,000 liters of gas - equivalent to 1,700 metric tons of reduced
carbon emitted into the atmosphere.

3) Saved an average of $43.00 for the cost of fuel ($3.00 per 4 liters of gas) per
teleconsultation, and a total of $200 per vehicle maintenance costs (Yellowlees et al, 2010).

According to WHO Telemedicine is a key strategy to maintain and complement health
service disrupted in the COVID-19 pandemic, but the design and implementation of a
sustainable and cost-effective telemedicine system depends on myriad of factors, starting with
understanding supply and demand for health service, the digital infrastructure, the
transformation to care pathway, and the investment case. Despite the increasing recognition
and political and social adoption of telemedicine throughout the pandemic, implementing a
telemedicine system requires careful consideration and planning due to their complexities
(https://www.who.int/publications/i/item/WPR-DSE-2020-032).

In general, implementation of Health Informatics e-health or program, requires careful
planning, effective management, enthusiastic healthcare professionals and support staff, along
with a commitment to appropriate funding. It represents the fusion of multiple technologies
such as medical devices, network computing, video conferencing, software and
telecommunications, into a seamless system. Nevertheless, attention needs to be given to
organizational change, workflow redesign (new ways of working) and human factor issues in
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order to provide systems that support the dissemination and sharing of meaning, rather than
just information (Hartswood et al. 2003). For the first time in human history during COVID-
19 pandemic, technology and social media are used to keep people safe, productive and
connected while being physically apart (https://www.who.int/news/ item/20-04-2020-itu-who-
joint-statement-unleashing-information-technology-to-defeat-covid-19)

There are significant disparities in adoption of telemedicine or teletherapy to overcome
disruptions to in-person services, even if many countries have adopted them (70%). For
example, more than 80% of high-income countries reported deploying telemedicine and
teletherapy to bridge gaps in mental health, compared with less than 50% of low-income
countries (https://www.who.int/news/item/05-10-2020-covid-19-disrupting-mental-health-
services-in-most-countries-who-survey).

At the beginning of COVID 19 pandemic in April 2020, overall telehealth utilization for
office visits and outpatient care was 78 times higher than in February 2020 in the US. The
reasons for this change were discussed as: 1) increased consumer willingness to use
telehealth, 2) increased provider willingness to use telehealth, 3) regulatory changes enabling
greater access and reimbursement. Telehealth offered a bridge to care, a chance to reinvent
virtual and hybrid virtual/in-person care models, with a goal of improved healthcare access,
outcomes, and affordability (https://www.mckinsey.com/industries/healthcare-systems-and-
services/our-insights/telehealth-a-quarter-trillion-dollar-post-covid-19-reality).

Clinical applications of Information and Communication Technologies (ICTs) are
possible in all areas of patient care (Harno, 1999) and include the real-time and/or store-and-
forward technologies (Loane et al, 2000) ranging from telephone and fax machines, e-mail,
chat rooms, discussion boards, audio- and videoconferencing, to mobile technologies in
recent years (Free C, et al., 2013) Administrative applications include recording (Schoenberg
and Safran, 2000) and sharing of billing summaries, electronic connections to pharmacies,
etc. Remote medical instruments include various types of imaging technologies (Starren et al.
2005; Bashshur et al. 2000), pressure sensors, haptic feedback devices and robotics.
Educational applications focus on continuing medical education for professionals and patients
including tele-mentoring.

ICTs in Europe have been found to be of great assistance to healthcare professionals in the
process of diagnosis, treatment, monitoring, medication prescription, referral, information
retrieval and communication, documentation and transactions (Brennan et al. 2015).

“e-Health can benefit citizens, patients, health and care professionals but also health
organizations and public authorities. E-Health — when applied effectively - delivers more
personalized ‘citizen-centric’ healthcare, which is more targeted, effective and efficient and
helps reduce errors, as well as the length of hospitalization. It facilitates socio-economic
inclusion and equality, quality of life and patient empowerment through greater transparency,
access to services and information and the use of social media for health”
(http://ec.europa.eu/).

The overall usage of telemedicine is quite different across the globe. There is higher usage
in developing countries within Asia and the Middle East (31% in Saudi Arabia, 27% in India,
24% in China, and 15% in Malaysia) (Ramirez-Correa et al, 2020). However, in Europe,
telemedicine is less common (2-4% in Belgium, Serbia, Russia, France, Spain, and Hungary)
(Ipsos Global Global Views On Healthcare - 2018). For example, Italy did not include
telemedicine at a fundamental level when the pandemic started, while in France the use of
telemedicine significantly increased during the pandemic (Ohannessian et al, 2020).

In Serbia, ICTs have the potential to improve healthcare through the use of information
technology in the following ways:

194


https://www.who.int/news/item/05-10-2020-covid-19-disrupting-mental-health-services-in-most-countries-who-survey
https://www.who.int/news/item/05-10-2020-covid-19-disrupting-mental-health-services-in-most-countries-who-survey
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/telehealth-a-quarter-trillion-dollar-post-covid-19-reality
https://www.mckinsey.com/industries/healthcare-systems-and-services/our-insights/telehealth-a-quarter-trillion-dollar-post-covid-19-reality
http://ec.europa.eu/

THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE
DEVELOPMENT

* To improve access to high quality specialty care, especially in rural and poor
communities;

* To improve service and quality of health care;

* To improve productivity and efficiency in the health sector;

* To use the opportunities of IT to distribute information to the general public and health
care professionals and to increase the level of knowledge;

* To improve working conditions and personal planning for health care professionals
(http://documents. worldbank.org/curated/en/2012/09/16828470/serbia-additional-
financing-health-project).

The extensive review of the e health state of affairs in Serbia has been published
(Paunkovic J., Paunkovic N. 2014). Research conducted in Serbia during 2015 indicated
potential benefits of telemedicine such as: allows consultation with a specialist; saves time;
eliminates the need to travel and travel expenses; allows possibility for obtaining second
opinion; offers services in hard to reach areas; offers educational opportunities; cheap
diagnostic equipment; allows effective use of resources (personnel and equipment); improved
the quality of healthcare; allows convenient access to patient information; provides safety to
patients in critical conditions (Skarin, 2016). The same research as the biggest barriers to
telemedicine development states: lack of technical capacity (necessary equipment);
fear/resistance of new technologies; lack of knowledge about the benefits of telemedicine
among stakeholders; limited financial resources; not supported by law/ not part of healthcare
system; resistance to changes/preference for conservative way of providing services; lack of
support from the Ministry of Health.

Necessary factors for development of telemedicine in Serbia are numerous, but the most
important are: enthusiasm of people, who want to improve existing system; provide education
about telemedicine and its benefits to all stakeholders; support of the law; clear distribution of
responsibilities in the system (Skarin, 2016).

The significant role in the practical application of telemedicine in Serbia has "Heliant"
company. Heliant company developed a digital platform for telemedicine examination
through which a specialist doctor performs a contactless examination of the patient in the
Heliant information system in the health institution where he works. The online platform for
telemedicine examination enables digital counseling of patients with a specialist doctor via
video call (https://pcpress.rs/heliant-telemedicina-zdravlje-na-daljinu/).

Heliant is the largest Serbian IT company focused on health and well-being software
solutions. The Heliant Health Information System is used in 80% of state health care
institutions and a large number of private hospitals. This prevalence will enable the use of
telemedicine examination on the entire territory of Serbia. Heliant's telemedicine examination
platform enables consultations with a specialist doctor, whenever he deems it possible, to be
conducted online, via video call, regardless of the geographical location of the doctor and the
patient.

The pilot project implemented at the Zvezdara Clinical Hospital at the Department of
Gastroenterology and Hepatology, is the first digital patient counseling center in the history of
Serbian state health care. Through the Telemedicine platform, a specialist doctor performs a
non-contact telemedicine control examination of a patient suffering from inflammatory bowel
disease - IBD. The online platform for telemedicine examination is used by
gastroenterologists during outpatient examinations for the purpose of control examinations of
patients. By using the platform, patients suffering from this disease are less exposed to
external influences of health disorders, which are a consequence of transport to the health
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institution and stay in the health institution. After the successful implementation of the pilot
project, the application of remote treatment by digital means at the national level is planned.

The patient examination through the Heliant Telemedicine platform takes place in four
steps:

1) Scheduling,

2) Filling in a professional health questionnaire before the examination,

3) Video review and

4) Obtaining a specialist doctor's report (https://pcpress.rs/heliant-telemedicina-zdravlje-
na-daljinu/).

It is important to emphasize that the first examination must be performed in the physical
presence of the patient.

2. BACKGROUND AND SIGNIFICANCE

Health Informatics systems, as well as all new technical implementations, impact the social
system of which they become a part (Hartswood et al. 2003; Whitten et al. 2002). The
technological innovation must strategically engage stakeholders within its project scope, and
be sensitive to cultural beliefs and the local values system. Effective change requires that
people not only believe that change is necessary but understand how change will come about
and what the consequences will be. Change management is about people, not about changing
technology or processes. For change to work, it needs participation from all sides. It should
involve all stakeholders, but the message, the training and the involvement should be tailored
to the needs of each individual group. For change to last, it has to be reinforced. And the more
control people feel they have over the change, the less stressed they become (Witchalls,
2007).

When introducing a new technology that changes the core processes of an organization,
such as an e-health initiative, it is important that the structural design and culture of the
organization is aligned with the predominant national culture in which the organization is
embedded (Hofstede, 1983). When a harmonious alignment is achieved, speedy and effective
organizational learning can occur. This, in turn, promotes effective utilization of the new
technology (Bangert and Doktor, 2005).

3. ORGANIZATIONAL CULTURE

Organizational culture is based on values, expectations, experiences and behaviour of the
members, which contribute to the unique social and psychological environment of that
organization. It is expressed as an image, interactions with the outside world, future
expectations, and is based on shared attitudes, beliefs and customs, written and unwritten
rules that have been developed over the time, and are considered valid. It is interrelated with
national culture and organizations have been found to operate at the optimal level when there
is alignment between national and organizational culture.

Organizational structure depends on the organization’s objectives and strategy. It defines
how the roles, power and responsibilities are assigned and how hierarchical arrangement of
lines of authority, communications, rights and duties are defined in an organization. It
regulates control and coordination of information flows among the different levels of
management. Organizational culture and organizational structure have a correlated inter-
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relationship. Structure determines the behaviours, attitudes, dispositions and ethics that create
the work culture.

Organizational culture could be defined as a system of assumptions, values, norms and
attitudes manifested through symbols which the members of an organization have established
and adopted through shared experience, which helps them define the meaning of the outside
world and the way they interact with it (Robbins, 2013). Organizational culture defines the
character of interpersonal relations in the organization, improves motivation of employees,
defines a leadership style, reduces the number of conflicts and improves the coordination in
the organization (Nazarian, Atkinson, 2013; Lok, Crawford, 2004). Zheng and associates
investigated the relationship between organizational culture, structure, strategy and
organizational effectiveness, as well as the role of knowledge management in linking these
elements. The results of their study shows that organizational culture, structure, strategy and
organizational effectiveness have noticeable inter- relationships (Zheng et al, 2010).

Organizational culture is recognized as a key component of knowledge management and
organizational learning and is found to be considerably influenced by national culture
(Hofstede, 2001). Cultures have an important impact on management approaches, so the
cultural differences call for differences in management practices (Newman and Nollen, 1996;
Trompenaars and Hampden-Turner, 1998). For organizational culture to function effectively
as a part of managerial mechanism, the organizational culture and the formal organizational
structure must be harmoniously interrelated (Worley et al. 1996). The structure and culture of
an organization must be aligned with the demands and predispositions of the national culture
in which the organization is embedded.

Organizational structure represents the way in which business leaders are unified for the
realization of certain tasks. A good organizational structure must provide coordination at all
levels. When managing an organization both internal and external factors that create an
adequate organizational structure enabling organizational goals to be achieved, must be
considered. The most influential internal factors are organizational culture and strategy.

Even economic theory recognizes the importance of culture in shaping the behaviours of
individuals and institutions. It proposes that beside the formal, the informal institutional
context (termed as “cultural socialization”) has influence on the governance structures that
coordinate individual action within firms (Festing, 2006).

Cross-cultural analyses are important to show that what may work in one culture, may not
be appropriate in another (Hofstede, 1980). The culture is perceived as “the collective
programming of the mind which distinguishes the members of one human group to another”,
and as its building blocks includes “systems of values”. The attempts to transport Western
practices to other nations where the culture is incompatible with the practices are likely to fail
(Gomez-Mejia et al. 1997). As such, culture is conceptualized and measured through different
value dimensions (Hofstede and Bond, 1988; Trompenaars and Hampden-Turner, 2004).
Based on surveying attitudes of 116,000 employees within subsidiaries of IBM in 40
countries and 3 regions Hofstede in 1980 proposed four basic cultural dimensions, largely
independent of each other:

(1) Individualism vs. Collectivism,

(2) Power Distance,

(3) Uncertainty Avoidance, and

(4) Masculinity vs. Femininity.

Collectivism is measured by the Individualism Index (IDV) ranging from 0 (low
Individualism, high Collectivism) to 100 (high Individualism). Power Distance is measured
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by the Power Distance Index (PDI) ranging from 0 (small PD) to 100 (large PD). Uncertainty
Avoidance is measured by the Uncertainty Avoidance Index (UAI) ranging from 8 (lowest
UA country) to 112(highest UA country). Masculinity vs. Femininity is measured by the
Masculinity Index (MAS) ranging from 0 (low Masculinity) to 100 (high Masculinity).

Identified dimensions relate to the basic values and assumptions shared by community
members and key issues that each society faces. In every society there are almost the same
problems, but not the same way of their resolution. Hofstede says that the first basic question
facing every society and organization (company) is to regulate the nature of the relationship
between the individual and the group. He has labelled this dimension as Individualism —
Collectivism (Hofstede, 2001).

Ensuring responsible behavior that allows the preservation of order in society is another
fundamental issue that is generally facing all societies. The possibility of solving this problem
is in the use of differences in power, relying on the role attributed hierarchical systems to
enable socially responsible behavior. The problem of inequality among people which exists in
every society is resolved through Power Distance. According to Hofstede, it is "the degree to
which the less powerful members of organizations and institutions in a country accept the fact
that power is unevenly distributed”(Hofstede, 2001).

The problem of the avoidance of uncertainty and the way of reacting to unfamiliar and
ambiguous situations, the attitude towards changes and the unknown, has been explained by
the Hofstede’s dimension - Uncertainty Avoidance.

The attitude of society towards the achievements or relationships is explained with the
dimensions of Male versus Female values. This dimension is often explained as the quantity
versus quality of life.

Hofstede’s original research into national cultures included the former Yugoslavia as the
only East European country. After the disintegration of Yugoslavia Hofstede adapted the
original data into data on the national cultures of Slovenia, Croatia and Serbia (Hofstede,
2001). According to Hofstede the Serbian national culture is characterized by high PDI - 86,
high UAI- 92, Collectivism — low Individualism (IDV)- 25, and high to medium Femininity—
low to medium Masculinity (MAS )- 43.

With reference to implementation of E- Health programs Hu (Hu et al. 1999) suggested
that cultural and professional, organization variables may be more explanatory of ICT use
than perceived usefulness or perceived ease of use. Bangert and Doktor (Doktor et al. 2005)
found the work of Geert Hofstede insightful when considering the organizational designs for
successful e-health implementation. They argued that only through a harmonious match of
organizational structure and culture effective and efficient organizational learning can emerge.
And it is only through organizational learning that new technologies can be effectively
utilized.

Multiple authors have explored telemedicine acceptance using models rooted in technology
acceptance theories or behavioural theories (Harst et al, 2019). Ramirez-Correa and associates
have shown that the attitude variable, as well as the subjective norms was the most significant
predictor of behavioral intention (Ramirez-Correa et al, 2020). This is linked to cultural
research. Research has shown that values and attitudes are related to national culture
dimensions. National culture is an important factor that determines the values of
organizational culture, organizations behaviour and the employee’s behaviour.
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4. ORGANIZATIONAL LEARNING

Organizational learning is a process of acquiring organizational knowledge. Organizational
knowledge is not possessed by any employee individually, but the organization has it as a
collective. Some authors view organizational learning as changes and adaptation to the
environment (Ramirez et al, 2011), adaptation to the environment and transformation of the
organization (Argyris, Schon, 1996; Molina, 2000), acquisition of new knowledge in the
organization (Huber, 1991), adaptation environment and knowledge acquisition, (Garvin,
2000), adaptation to the environment or transformation and acquisition of knowledge by
employees, which depends on the level of development of the organization, (Castaneda,
Fernandez, 2007), research and exploitation of knowledge, (March, 1991), or process change
in the individual and the common opinion and activity that influences and is embedded in the
institutions of the organization (Vera, Crossan, 2003).

In organizational learning, organizational change cannot be neglected. Organizational
learning and organizational change are two closely related concepts for the reason that every
type of learning implies change. Any change that improves the key competencies of the
organization and thus becomes able to adapt to its environment is organizational learning.
With each change that is a product of learning, the organization develops new skills and
expands the repertoire of competencies.

The process of organizational learning is influenced by a large number of factors, such as
organizational culture, national culture, leadership, organizational structure. National culture
shapes organizational culture and, through its dimensions, influences the organization's
commitment to organizational learning (Esterby-Smith, 1998). Organizational culture and its
dimensions influence the way employees think. Based on the existing organizational culture,
the ability of organizational learning of a company can be predicted (Lundberg, 1991;
Mehrabi et al. 2013; Azadi et al. 2013; Sharifan, Nodehi, 2014). Organizational learning is
important for the introduction of new technologies, and education is recognized as one of the
important factors for development of telemedicine in Serbia (Skarin, 2016).

5. RESEARCH OBJECTIVE

The goal of this research was to test general hypothesis that certain problems in
implementation clinical e-health programs in Serbia are organizational in their origin, and
correlate with dominant national culture. To understand these problems we have investigated
a number of organizational characteristics, and associated them with certain cultural
dimensions. Our intent was to explore the optimal organizational design for e-health projects,
aligned with the predominant national culture. Our hypothesis was that for Serbia with high
PDI (86), high UAI (92), and Collectivism — low Individualism (IDV- 25), successful
organizational design of e-health projects has to be strongly supported by leadership, but with
dominant collectivistic character.
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6. RESEARCH METHODOLOGY
6.1. Study design

Our primary study was conducted in Health centres in Serbia which have implemented
software “HELIANT”. This health information system has been developed at the Faculty for
Electro-Techniques in Belgrade by the request of the Republic Fond for Health insurance.
HELIANT is characterized with a multilayer architecture with centralized data base. During
its development, open source technologies were exclusively used. It is a web application,
developed in Java EE program language. As the applicative server JBoss is being used.
Business logistic layer has been implemented through EJB 3.0 technology use. Any of the
operational systems can be installed on the PCs. The Program popularly known as HELIANT
was primarily created for the secondary health care and but has been successfully adapted for
primary care use. Organizational culture was investigated by questionnaires and unstructured
interviews to assess participants’ views on optimal organizational design in health care in
reference to implementation of this e-health program. Investigation primarily included 78
employees, (54 female, 24male) with different educational background (40 with high school
education, 38 with higher education), and work experience (as a rule over 5 years).
Participants in the survey were asked to grade on a scale from 1 to 5 (1- not important; 5 -
very important) particular organizational characteristics. Subsequently they were asked to
assign the rank from 1-10 (1- the most important...) to the same set of characteristics found in
the literature to correlate with organizational culture and structure (Doktor et al. 2005).
Methods were explained in details in previous publications (Paunkovic et al. 2010).

The additional research related to organizational structure, organizational learning and
leadership was conducted in production organizations in Serbia in last ten years. The study
included 138 examinees employed in production organizations, located in the municipality of
Bor. The aim of this study was to investigate the type of organizational structure, type of
leadership and respondents’ values indicating their interest in learning and improving, and to
explore the possible association with national culture dimensions according to Hohstede’s
model of national culture for Serbia. The investigation was anonymous. The questionnaires
included 50 questions concerning organizational structure and culture, organizational learning
and leadership, divided into four groups. Participants in the study were asked to grade (1- not
important; 5 - very important) questions on a scale of 1 to 5 in the questionnaire. For the
purpose of this paper, the groups of questions related to organizational learning,
organizational structure and leadership were delineated. The questionnaire was developed by
the methodology which the authors described in details in their previous research (Jovanovic,
2016; Paunkovi¢ et al, 2018).

7. RESULTS
The results of investigation of organizational characteristics are presented in the Table 1

and the Figure 1 and Figure 2. Average mark (5 maximum) and average rank (1 as the best)
for each investigated characteristic are presented numerically in Table 1.
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Table 1. Average marks and average rank for investigated characteristic

Organizational characteristic Average Rank
Mark (1-5) (1-10)
1 Support from superiors 4.52 4.9
2 Involvement of superiors 4.12 4.8
3 Clear instructions from superiors 4.57 5.8
4 Independence in choosing own work style 4.19 4.5
5 Decision making in own line of work 4.23 5.5
6 Good working relations with colleagues 4.60 5
7 Good communication with superiors 4,74 4.8
8 Acknowledge of individual performance 4.12 5.9
through salary
9 Career advancement through individual 4.35 6.3
performance
10  Bupport for continuing education 4.4 6.8

question No

B rank

Figure 1. Average rank for investigated characteristic
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rank

Figure 2. Pooled values for organizational characteristics associated with

PDI (1,3) COL (6,7) IND (8, 9)

The research related to organizational structure, organizational learning and leadership was
conducted in production organizations in Serbia. The following table represent the average
marks for selected questions from the questionnaires.

Table 2. Average marks for selected questions

Average

. Standard
Questions Mark .
(1-5) deviation
1. Employees in the organization publicly reconsider the
decisions of the general manager when they disagree with 2,41 1,001
them — L
2. Managers create and initiate changes in the organization — L 3,83 0,816
3. There is a clear and precise division of activities and work
: A 3,88 0,924
tasks in the organization - OS
4. Activities and work assignments are grouped - OS 3,89 0,926
5. There is a well-defined line of authority — who is responsible 4,29 0,898
to whom - OS
6. The main strategic decisions are made by top management
without participation of managers from lower levels and 3,82 1,108
employees - OS
7. Decisions are made at all levels of the organization with the
S 2,30 1,106
participation of all employees - OS
8. The behavior of employees is precisely defined by certain
4,17 0,948
rules and procedures - OS
9. My organization is constantly collecting information about
. . . 3,63 1,014
new technologies and innovations - OL
10. In my organization, employees are often trained to acquire the 364 1052

necessary skills - OL
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11. In my organization, employees always want to improve - OL 3,83 0,940
12. In my organization, employees are always rewarded for 3,28 1.120
learning - OL
13. The organization enables employees to get the necessary
. ) : . 3,34 1,287
information quickly and easily - OL
14, Management supports employees in continuous training - OL 3,74 1,076
L — leadership

OS - organizational structure
OL - organizational learning

8. DISCUSSION

E-Health programs are actually more predominately change programs, or service
improvement programs, with the implementation of technology being only part of the solution
(Legris & Collerette, 2006). Concentrating mainly on the technological aspects of these
programs has been found to lead to less effective results. Cultural norms and the nature of the
job have been found by Lucas and Spitler (Lucas and Spitler, 1991) to be far more important
in predicting use of technology than the potential user’s perception of likely usefulness or
ease of use.

In our primary study, as the most important organizational characteristic participants have
recognized involvement and support from superiors, communication between superiors and
between colleagues, and independence in choosing their way of working ,clear instructions
from superiors, acknowledgement of individual performance and career advancement through
individual performance were found less important. The least important for the participants
was support for continuing education. It correlated with our hypothesis that organization of
the e-health project has to be strongly supported by leadership (high PDI culture), with
dominant collectivistic conduct (very important working relations with colleagues and good
communication with superiors), and minor individualistic performance (acknowledge of
individual performance through salary, career advancement through individual performance).
Nevertheless, some of the characteristics that could be associated with individualism
(independence in choosing own work style) was also ranked high. We have already published
analogous studies on implementation of information technology projects in Health Care
(Paunkovic et al. 2010; Paunkovic et al. 2010). In both studies participants have delineated
interdependence and team work along with acknowledgement of individual performance, and
highlighted clear instructions from superiors, acknowledge of individual performance and
independence in choosing their way of working. The least important for the participants, as a
rule, was the involvement from the leadership.

The results of the survey of leadership, organizational structure and organizational learning
are correlated with the results of research related to value attitudes that depend on national
culture. The average mark of 3.82 for the claim that the main, strategic decisions for the
company, as well as other decisions related to the business of the organization, are made by
top management, without participation of managers from lower levels and employees, shows
that the structure of the company is centralized. This is confirmed by the great disagreement
with the claim ,,Decisions are made at all levels of the organization with the participation of
all employees* (average mark 2.30). These results corroborate Hofstede’s research on national
culture dimensions (Gomez-Mejia and Palich, 1997; Hofstede and Bond, 1988). According to
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Hofstede, national culture of Serbia is characterized by high Power Distance Index (PDI), and
consequently, organizations are generally expected to have centralized form of organizational
structure.

Bangert and Doktor in 2005 (Doktor et al. 2005) exploring selected organizational
categories with US IT professionals, have found involvement and strong leadership, and
acknowledgement of individual performance as the most important , while support for
continuing education and new things were ranked as the least important. In the same study, IT
professionals from South Korea have ranked as the most important to have clear rules to
follow and loyal fellowship.

Results of this study confirm our first observation, that successful organizational design in
investigated organizations in Serbia, has to be “somewhere in between” (“West —East
orientation”).

Critics of Hofstede’s work believe that he takes too simplistic a view of the multifaceted,
complex dimensions which comprise the notion of culture. Although his work has been
criticized by various authors (Sondergaard, 1994; Gerhart and Fang, 2005), the usefulness of
the categories he developed remains very popular and utilized by scholars in a variety of
fields including ICT, management and health care.

The coronavirus disease 2019 (COVID-19) pandemic has resulted in major disruption to
public health care. Adopting technologies driven by e-health platforms that can significantly
help patients in a situation like COVID-19 pandemic appears to be necessary. As stated earlier
by Rashid Bashshur (2013), it is important that the considerable promise of telemedicine in
addressing issues of quality, efficiency, cost, and access to care should be placed at the
forefront of national efforts to reform healthcare (Bashshur et al. 2013).

The recent research (Rahi) performed during COVID 19 pandemic indicate that health-
care professional can boost patient behaviour towards the adoption of telemedicine health
services by improving service quality, computer self-efficacy and performance expectancy of
telemedicine website (Samar et al. 2021). Once again it emphasises the importance of
organizational aspects in Health Care and importance of human factor in creating the optimal
organizational and sustainable design in health care institutions.
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ABSTRACT

Appearance of the covid-19 virus caused a social and economic disorder, a change in the world

and people's lives. In order to reduce energy consumption, production costs, obtain high material
utilization, reduce the number of experiments in difficult working conditions during the pandemic, a
program for boronizing process simulation was applied. The paper presents application of an efficient
algorithm for optimization mixture composition of boronizing process during the covid-19 pandemic.
The practical application of the tested composition of activators in the boride-based boron mixture on
iron powder castings was achieved through obtaining materials with a quality boride layer and with
characteristics that meet the conditions of application in modern industrial plants.
In order to apply the activator in the boron-based boronizing mixture as the most suitable ratios for
obtaining quality boride layers, the obtained samples were characterized. A simplex plan with fifteen
experimental points was used for the experiment, and a polynomial of the fourth degree was used for
the mathematical model. The impact of the COVID-19 consequences on science and scientists, their
works and researches is reduced this way.

KEYWORDS

COVID-19, analysis, evaluation, boronizing, boride layers

JEL: C3,01

1. INTRODUCTION

Many authors have conducted research on the impact of the consequences caused by
COVID-19 on economy, society, science, life and work of people and scientists (Segal &
Gerstel, 2020; Paul & Chowdhury, 2020).

In this paper we will present the experience of our research group at the simultaneously
sintering and boronizing process using an efficient algorithm for optimization mixture
composition during the covid-19 pandemic.
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Industrial applications of wear and corrosion resistant materials include: drive shafts,
camshafts, pulleys, machine slide-ways, tanks, weapons and parts for agricultural machinery
(Ipek et al., 2000). Considerable economic loss occurs because of corrosion and wears in
mechanical parts of machines and equipment during service. In order to reduce this loss,
properties of the surface region of materials should be improved. One of the methods used to
improve the surface quality is boriding (Meric et al., 2006; Selguk et al., 2000; Stojanovi¢ &
Stanisavljev, 2013; Stojanovi¢ et al., 2017; Ozge et al., 2016; Makuch, 2020; Makuch et al.,
2019). Boriding is a thermochemical surface hardening treatment in which boron atoms are
diffused into the metal surface at elevated temperatures, usually between 1223 and 1373 K to
form a hard layer of borides consisting of FeB and/or Fe2B, needle-like microstructure, of
about 150 pm thick (Keddam, 2004; Hunger &Trute, 1994; Xu et al., 1997 ). The crystal
structure is orthorhombic for FeB, while Fe2B has a body centered tetragonal structure
(Ramirez et al., 2007). The diffusion of boron into the surface of selected samples creates a
fully dense reaction zone of metal borides. This effectively generates superior surface
properties of materials (Sen et al., 2005). A single-phase structure is desirable and Fe2B is
preferred to FeB, since FeB is very hard and brittle. Furthermore, since FeB and Fe2B phases
exhibit substantially different coefficients of thermal expansions, crack formation is often
observed at the interface between FeB and Fe2B. These cracks often lead to flaking of the
coated layer when mechanical load is applied. By controlling the boron activity of the
boriding medium and chemical composition of the sample to be treated, it is possible to obtain
a microstructure consisting of only Fe2B phase without the FeB phase (Sen et al., 2005;
Campos et al., 2005). This process is similar in its physical and chemical characteristics to
other surface hardening treatments, such as carburization and nitriding. The advantage of
boriding over other types of surface hardening methods is that, the surface layer is very hard,
friction coefficient is very low, no extra heat treatment is required after boriding and it has
considerable resistance against some acid, base, metal solutions and high temperature
oxidation. It has been successfully applied to all ferrous materials, nickel alloys, titanium
alloys, sintered carbides (Sinha, 1991; Chatterjee, 1989) and sintered materials are
significantly different from materials formed by conventional methods (casting, plastic
deformation), both in structure and properties. One of the major differences in the structure is
presence of porosity in these materials. Porosity, grain distortion, great length of grain
boundaries are factors that significantly influence iron sintered material diffusion saturation
processes. Boriding of a steel surface allows reducing essentially a velocity of corrosion, wear
and shapes of fatigue cracks occurring in an outcome of its operation (Ozdemir, 2006). This
process can be performed in solid, liquid or gaseous medium. The boriding in solid medium is
technologically simpler and low cost, comparable to other boriding processes (Voroshnin et
al., 1977; Pozega, 2008; Allaoui et al., 2006; Celebi et al., 2005; Keddam & Chentouf, 2005;
Dong et al., 2009). The boriding agent is in powder form. The boriding in solid medium can
be carried out under inert atmosphere as well as in tightly closed boxes. Pack boriding method
Is a process similar to pack carburizing process (Genel et al., 2002; Erdemir & Bindal 1995).
The knowledge of the boriding parameters, such as time, temperature, chemical composition
and the activators percentage ratio, the composition of the basic mixture, are necessary for
control and automation of the pack boriding process. Through the control of boriding process
parameters, i.e. boriding powder composition, temperature, time, Fe2B phase can be
consistently achieved during pack boriding (Jain & Sundararajan 2002).

Modelling and simulation, including computer simulation/calculation software (Berger et
al., 2017) or program and mathematical representations of physics and chemistry of complex
metallurgical systems, have been increasingly used to assist process development and design,
process evaluation and optimization, production scheduling and planning, process control,
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and business evaluation. Keddam et al. (Stojanovi¢ & Stanisavljev, 2013) developed the
diffusion model based on Fick’s laws. Their model has allowed simulation the growth kinetics
of boride layers on the iron substrate. Kayacan, Sahin and Tastan proposed mathematical
model which is based on the nonlinear Fourier law. Diffusion mechanism of the boriding
process of AISI 1040 has been studied (Kayacan et al., 2010).

The growth kinetics of Fe2B boride layers generated at the surface of a gray cast iron via
the powder-pack boriding was estimated by kinetic model (Keddam & Chegroune, 2010). By
the use of the mass balance equation at the (Fe2B/sample) interface under certain assumptions
and considering the effect of the boride incubation time, it was possible to estimate the
corresponding parabolic growth constant for three process temperatures and four treatment
times.

In this paper is presented an efficient algorithm for a software package of the fourth degree
polynomial. The planned experiment represents a new approach to experimental research in
which mathematical methods have an active role. Used algorithm for computer program,
based on the regression equation, has enabled to obtain the volume change, porosity and depth
coordinates and to draw a graph (simplex triangle) (Krasovsky & Filaretov, 1982).

The main interest has been focused on the choice of boriding mixture, activators and their
relationship in order to obtain quality boride layers and to monitor certain events at boriding
by algorithm for computer program.

2. MATERIAL AND METHODS

Experimental investigation executed in this study included: activators and mixtures
composition for boriding choice, pressing pressure, temperature and boriding time. The
characterization of iron powder was done as well as powders mixture homogenization, iron
compacts formation, pressing samples characterization, boriding of pressed iron samples and
their characterization, in order to determine influence of activators on constitution of diffusion
layer compacts from iron powder at boriding process. Our own experience was used in
selection of the boriding mixture, so the best results of the boride layer depth and quality were
achieved using a mixture with boron carbide (B4C) and activators. NH4HF2, NH4CI, and
KBF4 were used as activators in the boriding process. The content of the basic components in
the compound prepared for boriding was constant, but the activator’s content was variable.
The percentage share of the activator was different and it was in the range of 0 to 4 wt %. The
regime of boriding was the same for all samples: the temperature was 1223 K and the process
time was 4 hours. The samples obtained from iron powder NC 100.24 (Hogands) by pressing
under 400 MPa, had rectangular forms, with the cross-section dimensions of 31 mm x 12 mm.

In order to obtain reliable results the two samples were boroned under the same conditions.

The particles are sponge forms, which is characteristic of powders obtained by reduction.
Iron powder characterization was carried out by determining the apparent density, outlet flow
velocity, specific surface area, chemical and granulometric compositions. Samples were
packed in a boriding box made of special steel. The box was then placed into an electrical
resistance furnace for boriding. Samples were taken out from the box by removing the used
boriding mixture when the box was gradually cooled to room temperature. In boriding
treatment, as a result of boron diffusion into the surface, a boride layer in the upper surface of
the boroned specimen was formed; just under this layer there was a diffusion zone and in the
inner part was the base material. The boride layer, having toothed structure, was made up of
iron-boride phases.
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Samples dimensions before and after boriding are given in Table 1. The linear dimensions
of samples, before and after boriding process on the basis of which the volume changes (in
Table 2.) was determined, were measured with the precision of = 0.01 mm. The porosity of
samples was determined with the vacuum method. Samples porosity changes are given in
Table 3. The boride layer depth was determined by a device for hardness measurement, with
precision of £ 0.5 um. For each sample the cross-section was measured eight times and the
average values were calculated. The depth of boride formed on the samples surface is strongly
dependent of activators. The obtained boride layer depth results are given in Table 4. The
presence of borides formed on sample surfaces was identified by X - ray diffraction (XRD)
measurements which were performed on the Siemens device “KRISTALLOFLEX 810”. For
recording is used Cu anti — cathode with filtered radiation, Ni filter, at voltage of 40 KV and
current intensity of 20 mA. To compare changes in microstructure caused by boriding
process, metallographic examination of boriding samples cross — section was carried out.

Table 1. Dimensional changes before and after boriding

numbe h (mm) b (mm) I (mm)
r of . AR Ab* AP
sample activators h h b b | I (%) %) (%)

s before after before after before after

11.7 11635 121 1211 30.1 30.24  -0.556 0.083 0.465

9
! 4%NH,FHF 11.7 11625 121 12115 30.1 30.2 -0.641  0.124 0.332
116 1161 121 1216 30.1 30.22 0.086  0.496 0.399
I 4%NH,CI
116 1169 121 12295 30.1 30.56 0.776 1611 1.528
i 4%NH,CI 11.82 11575 121 12.18 30.1 30.21  -2.073 0.661 0.365

1182 1151 121 12125 301 30.2 -2.623  0.207 0.332
1%NH,FHF 11,92 11.88 121 12145 30.1 30.2 -0.336  0.372 0.332

v 3%KBF, 1192 1179 121 1218 30.1 30.2 -1.091 0.661 0.332
v 2%NH,FHF 1122 1121 121 1213 30.1 30.19 -0.089 0.248 0.299
2%KBF, 1127 1127 121 12125 30.1 30.17 0 0.207 0.232
VI 3%NH,FHF 118 1154 121 1211 30.1 30.17  -2.204 0.083 0.232
1%KBF, 118 1172 121 12105 30.1 30.27  -0.678 0.041 0.565
VII 3%NH,FHF 114 11735 121 1213 30.1 30.19 2938 0.248 0.299
1%NH,CI 11.57 1154 121 12135 301 30.21  -0.259 0.289 0.365
VI 2%NH,FHF 1165 1164 121 1215 30.1 3049 -0.086 0.413 1.296
2%NH,CI 11.65 11555 121 1217 30.1 30.2 -0.815 0.578 0.332
IX 1%NH,FHF 11.15 11.165 121 12.18 30.1 30.22 0.134 0.661 0.399
3%NH,CI 1122 11315 121 12.2 30.1 30.25 0.847 0.826 0.498
X 3%NH,CI 12.05 12135 121 12635 30.1 30.37 0.705 4.421 0.897
1%KBF, 12 12065 121 1231 30.1 30.25 0.542 1735 0.498
X| 29%NH,CI 114 1134 121 12125 301 30.25 -0.526 0.207 0.498
2%KBF, 114 11675 121 1214 30.1 30.25 2412 0.330 0.498
X 1%NH,CI 1152 11.705 121 12155 30.1 30.25 1.606 0.454 0.498
3%KBF, 11.82 11535 121 12145 301 30.2 -2411 0.372 0.332
1%NH,FHF 1152 11.745 121 1214 30.1 30.3 1953 0.330 0.664

XMl 2%NH,CI

Lok, 1185 1159 121 12135 301 3019 2194 0289 0.299

1%NH,FHF 1145 11695 121 12125 301 3019 2140 0207 0.299
XIV  1%NH,CI

ooKBE, 14 11615 121 1211 301 3018 1836 0083 0.266

2%NH,FHF 1175 11685 121 12185 30.1 3024 -0.553 0.702 0.465

XV 1%NH,CI
19%KBF, 1177 11615 121 12.15 30.1 30.32  -1.317 0413 0.731
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aAh,Ab,Al _ h1b’ Iafterboricig - h1b’ Ibeforeboriding .100%
h' b’ Ibeforeboriding
h,b,l ... — samples dimension (measure) after boriding [mm]
h,b,1 ... — samples dimension (measure) before boriding (compact samples dimension) [mm]
Table 2. Weight and volume changes before and after boriding
M (0) m; () Am (g) Vi (cm®) 3 b
number of . samples samples  weightof  samples Va (cm') AV (%)
activators weight . . samples volume volume
samples b weight boroning volume before .
efore L - after boriding changes
boriding after boriding layer boriding
24.91 25.53 0.62 4261.257 4260.811 -0.010
! 4%NH,FHF 24.98 25.59 0.61 4261.257 4253.274 -0.187
I 4%NH,CI 24.98 25.49 0.51 4224.836 4266.387 0.983
24.94 25.72 0.78 4224.836 4392.344 3.965
25.01 25.42 0.41 4304.962 4259.112 -1.065
I 4%NH.C 24.98 25.36 0.38 4304.962 4214.674 -2.097
Y, 1%NH,FHF 25.02 25.49 0.47 4341.383 4357.335 0.367
3%KBF, 24.98 25.4 0.42 4341.383 4336.786 -0.106
v 2%NH,FHF 25.07 25.48 0.41 4086.436 4105.155 0.458
2%KBF, 24.8 25.25 0.45 4104.647 4122.693 0.440
VI 3%NH,FHF 24.99 25.53 0.54 4297.678 4216.239 -1.895
1%KBF, 25.01 25.46 0.45 4297.678 4294.423 -0.076
VII 3%NH,FHF 24.99 25.74 0.75 4151.994 4297.412 3.502
1%NH,CI 25.07 25.72 0.65 4213.91 4230.545 0.395
VIl 2%NH,FHF 25.01 25.83 0.82 4243.047 4312.079 1.627
2%NH,CI 25.01 25.68 0.67 4243.047 4246.855 0.090
IX 1%NH,FHF 24.97 25.49 0.52 4060.942 4109.609 1.198
3%NH,CI 24.84 25.49 0.65 4086.436 4175.801 2.187
X 3%NH,CI 24.92 25.72 0.8 4388.731 4656.502 6.101
1%KBF, 24.99 25.76 0.77 4370.52 4492.735 2.796
X 2%NH,CI 24.96 25.56 0.6 4151.994 4159.299 0.176
2%KBF, 24.92 25.47 0.55 4151.994 4287.469 3.263
X 1%NH,CI 24.29 24.96 0.67 4195.699 4303.797 2.576
3%KBF, 24.93 25.61 0.68 4304.962 4230.796 -1.723
1%NH,FHF 25.03 25.51 0.48 4195.699 4320.304 2.970
X1 2%NH,CI
19%KBF, 25.34 26.01 0.67 4315.889 4246.062 -1.618
1%NH,FHF 24.81 25.5 0.69 4170.205 4280.999 2.657
XV 1%NH,CI
206KBF, 24.98 25.76 0.78 4151.994 4245.048 2.241
2%NH,FHF 24.91 25.62 0.71 4279.468 4305.623 0.611
XV 1%NH,CI
19KBF, 24.99 25.73 0.74 4286.752 4278.827 -0.185

PAV= ((V2-V1)IV1) x 100%;
V, - samples volume after boriding

e volume of compacts
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A m= ((mz-m1)/my) x100%;

m, — samples weight after boriding

m, — weight of compacts

Table 3. Porosity of samples

. my (Qll) m; (Qll) v ()
number samples samples cm
of activators weight weight M @) v (em’) pore  Porosity® (%)
samples before after oif mass  samples volumes
immersion immersion volume
22.85 23.37 0.52 3.823 0.622 16.259
b ANHFHE 55 04 23.47 053 3817 0633 16.600
21.82 22.33 0.51 3.638 0.610 16.760
. 4%NH,CI 22.92 23.18 0.26 4.018 0.311 7.735
22.72 23.34 0.62 3.850 0.741 19.249
a 4% KBF, 22.53 23.17 0.64 3.820 0.765 20.029
IV 1%NH,FHF 22.69 23.32 0.63 3.707 0.753 20.318
3%KBF, 22.31 22.9 0.59 3.589 0.705 19.652
v 2%NH,FHF 22.59 22.81 0.22 3.614 0.263 7.277
2%KBF, 22.43 22.91 0.48 3.630 0.574 15.807
VI 3%NH,FHF 22.99 23.6 0.61 4.056 0.729 17.978
1%KBF, 23.91 24.52 0.61 3.999 0.729 18.235
VII 3%NH,FHF 23.03 23.16 0.13 3.920 0.155 3.964
1%NH,CI 23.09 23.37 0.28 3.807 0.335 8.791
Vil 2%NH,FHF 23.01 23.2 0.19 3.849 0.227 5.900
2%NH,CI 22.99 23.08 0.09 3.792 0.107 2.837
IX 1%NH,FHF 22.78 23 0.22 3.653 0.263 7.199
3%NH,CI 22.86 22.98 0.12 3.716 0.143 3.861
X 3%NH,CI 23.22 23.52 0.3 3.987 0.359 8.994
1%KBF, 23.12 23.43 0.31 4.220 0.370 8.782
X 2%NH,CI 22.92 23.08 0.16 3.707 0.191 5.160
2%KBF, 22.66 22.96 0.3 3.849 0.359 9.317
I 1%NH,CI 22.35 22.63 0.28 4.057 0.335 8.249
3%KBF, 23.17 23.42 0.25 3.879 0.299 7.705
1%NH,FHF 22.93 23.3 0.37 3.816 0.442 11.591
X 2%NH,CI
1%KBF, 23.04 23.19 0.15 3.666 0.179 4.891
1%NH,FHF 22.97 23.16 0.19 3.935 0.227 5.7
XV 1%NH,CI
206KBF, 23.45 23.75 0.3 4.113 0.359 8.720
2%NH,FHF 23 23.36 0.36 3.999 0.430 10.761
XV 1%NH,CI
1%KBF, 20.77 21.06 0.29 3.394 0.347 10.215

m, - samples weight before immersion [g]
m, - samples weight after immersion [g]
m, -oil mass in samples; m, =m, —m,[g]
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m
V. .=V, =—>[cm®}
pore oil ,00“ [ ]
P =08365g /cm’ ]
Ve = h-b-ljom?
c . Vpore
Porosity: P =——-100%
samples
Table 4. Boride layers depth
average value
number . of boride
of activators dept of boride layer [um] layers depth®
samples [pm]
S S, 83 d4 35 8 8, 8g )
68.5 625 95 87 83 78.5 74.5 89.5 79.813
! A%NH,FHF 107 82 111 1235 94.5 84 116 116 104.250
I A%NH,CI 1825 1685 96.5 96.5 122.5 1145 1175 110.5 126.125
1195 1195 121 129 138 111 106 139.5 122.938
n 4%NH,CI 1295 985 85.5 99.5 136.5 117 117 148 116.438
146.5 149.5 137 169.5 141 137.5 169.5 160.5 151.375
; 1%NH,FHF 136 97.5 1305 1275 116.5 148.5 134.5 148.5 129.938
3%KBF, 125 126 132 150 1415 149 144 146.5 139.250
v 2%NH,FHF 148 1455 123 120.5 1255 147 132 137 134.813
2%KBF, 76.5 147 116.5 1105 90.5 146.5 1495 197 129.250
VI 3%NH,FHF 194 183 1495 187 175 185 176.5 206.5 182.063
1%KBF, 1495 1265 1465 1715 1245 200 175 198.5 161.500
VI 3%NH,FHF 1615 199 148 176 139.5 1495 177 184.5 166.875
1%NH,CI 120 127 1175 1945 167 165.5 111 170 146.563
Vil 2%NH,FHF 120 120 161 177.5 177.5 162 159.5 132 151.188
2%NH.CI 165 1965 1495 1585 161.5 141 1495 167 161.063
IX 1%NH,FHF 106.5 126 76 112 129.5 1235 91 99.5 108.000
3%NH,CI 99.5 107 111 1495 1115 165 74.5 69 110.875
X 3%NH,CI 147 157 1755 171 90 87.5 148.5 184.5 145.125
1%KBF, 106 82 149 144 134 129 121 123 123.500
X| 2%NH.CI 119 1375 91 121 122 97.5 143.5 139.5 121.375
2%KBF, 1495 126 126.5 140 136 1495 124 157 138.563
X 1%NH,CI 124 1495 125 122 103.5 134.5 1135 107 122.375
3%KBF, 111 129 112 1155 120.5 115 130.5 129.5 120.375
1%NH,FHF 98.5 136 1495 132 132 139.5 1335 129 131.250
X 2%NH,CI
1%KBF, 1295 1485 125 1185 1185 174 116.5 116.5 130.875
1%NH,FHF 144 138 127 1275 135 132 106.5 1315 130.188
XV 1%NH,CI
2%KBF, 129 1075 120.5 1055 121 144 144 144 126.938
2%NH,FHF 1035 126 126 134 126.5 130.5 130.5 135 126.500
XV 1%NH,CI
1%KBF, 129 106 141 126 126 139 136 130.5 129.188
I
i= 1
5= =22 ]
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Metallographic analyses were used to determine the quality of boride layers, so we
examined the compactness and bond with the basic material, depth, cracks number, porosity,
and percentage of FeB and Fe2B phase in boride layer. Samples were mechanically polished
first at abrasive paper label 3 to 0000 (ASTM) and then by using felt soaked in alumina
suspension, a-Al203 0.05 um. After polishing had been completed, structure was etched with
a 2% Nital solution. The dominant phase formed on the samples was found to be Fe2B phase.
Depending on influence of activators, the depth of boride layers range was from 92 to 172
um, leading to a diffusion controlled process.

3. THEORY/CALCULATION

Experiment planning of activators impact research on diffusion layer formation at boriding
iron powder compacts was carried out. Simplex plan (Figure 1) with 15 experimental points
was used (Krasovsky & Filaretov, 1982; Zedginidze, 1971). The results of simplex plan are
presented in Table 5. The variation of the volume changes, porosity and the boride layers
depth as a function of activators are presented in Figure 2.

Figure 1. Experimental scheme (lattice Scheffe fourth — order)

Table 5. Plan of experiment and experimental results

plan of experiment experimental results
number | depth of
of contents of activators  coded values of VP? ume porosity  boride |
samples [%] factors changes [%0] layers 'Y ts
%] [um]
NH,FHF NH,ClI KBF, X; X; X3 A Vg Pav Oay Y
I 4 0 0 1 0 0 -0.099 16.430 131.062 Yi
I 0 4 0 0 1 0 2.474 12.247 132.031 Y
" 0 0 4 0 0 1 -1.581 19.639 92.031 Y
v 1 0 3 Ya 0 Ya 0.131 19.985 124.531 Y ikkk
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v 2 0 2 % 0 % 0449 11542 128562  Yi
VI 3 0 1 % 0 Y% -0985 18106  129.969 Vi
VII 3 1 0 % % 0 1.949 6378 171781  Yii
VI 2 2 o % % 0 0858 4369 156719 i
IX 1 3 0 % % 0 1.693 5530  156.125  Yiji
X 0 3 1 0 % Y% 4449 8.888 134312 Y
XI 0 2 2 0 % % 1719 7239 127844  Yiu
XII 0 1 3 0 Y% % 0427 7977 121375 Yiu
X1l 1 2 1 % % Y% 0676 8.240 134594 Vi
XIV 1 1 2 Yo Y % 2449 7246 133875  Yi
XV 2 1 1 % Y Y% 0213 10488 109.437  Yii

Polynomial of fourth degree was used to obtained mathematical model for boriding process
simulation. Polynomial is shown by relation (1):
Y = by X+, X, + B Xy 40X X, + By X Xg 4 Dy X Xg + € Xy X, (X, — X, )+ €y Xy X (X, — X4 )+

Cij2X3(X2 _X3)+dinlX2(Xl _X2)2 +dileX3(X1 _X3)2 +dij2X3(Xz _X3)2 +

biiij12X2 X3 + bijij1X22X3 + bijkk X1 Xy X32 (@)
where are activators used in experiment:
X1 - NHsFHF
X2 -NH4C|

X3 -KBF,4
and regression coefficients are:
O P O o o W PR R e o

17 1’ 1

ij;dik;djk;biijk;bijjk;bijkk ; (i: 1, j: 2, k= 3)

It can be noted (Table 5.) that first three samples are related to influence of pure activators.
From the 4th to 12th sample is presented influence of binary mixtures of activators in all
combinations, samples 13, 14 and 15 give influences of ternary mixtures. After finishing of
experiments, on the basis of obtained experimental results for volume changes, porosity and
boriding layer depth (Table 5.) the unknown coefficients of polynomials are calculated by the

following formulas:

by =y, (2)
=Y 3
by =Y, 4)
bij = 4yiijj - 2yi - 2yj (5)
by =4V —2Y; — 2V (6)
i =4 —2Y; —2Yy (7
Cj = 8/3(yj =i + 2V — 2yijjj) (8)
Cix = 8/3(YK =Y + 2Yiik — 2Yin ) )
Cjk :8/3(yk —Y; +2yjjjk_2yjkkk) (10)
dij :8/3(4yiiij +4yijjj _6yiijj —Yi— yj) (11)
dy = 8/3(4yiiik +4Yi =i — i — Yk) (12)
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d, =8/3(4jjjk+4yjkkk —6Y i Y _Yk) (13)
bi = 32(3yiijk ~VYiiik — Yij )+8/3(6yi —Yi =Yk )_16(yiijj + yiikk) (14)
_16/3(5yiiij +5yiiik _Byikkk _3yijjj - yjjjk - yjkkk)
bijjk = 32(3yijjk = Yiijk ~ Yijkk )+ 8/3 (6Vj =i~ Yk )_16(yjjkk + Yiijj )—
(15)
16/3 5ijjk +SYijjj ~3Y jkkk ~ 3Viiij ~ Yikkk ~ Vi
(16)

Where experimental results (Table 1) are: yi, i, Vi Vi Yijii» Yiiiks Yiiii» Yiikko Yiljko Yiikko Yiikko
Yiiik, Yikkk: Yiiik Yikkk (1= 1, J= 2, k= 3)

Values of regression coefficients are given in Table 6.

Table 6. Regression coefficients for polinomial of fourt deegre, equation (1).

Volume
changes
b; -0.099 16.430 131.062
b; 2.474 12.247 132.0.31
by -1.581 19.640 92.031
bj  -1.317 -39.878 100.690
by  5.155 -25.970 68.062
5.092 -34.819 63.252
cij 8.227 -6.632 86.083
Ck  -9.905 -1.461 -75.080
ck 10.637  24.569 -37.669
d; 18773  -19.358 288.579
dix -11.815 125.453 62.760
dx 22.115  -20.953 84.325
bij -74.916  279.778 -3342.565
bijx  147.793  186.042 402.456
bi 200.285 -216.647  1131.261

Porosity Depth

Regression coefficients
o

3.1 The validation of the model

Checking the adequacy of the mathematical model was carried out in two control points —
K1 and K2 (Figures 2a, 2b, 2c). The validation of the model was checked by Student t —

criteria.
D, vr
tki = d < tkra/k,fy (17)
(Ty 1+ Aki

Where is:
D« - maximum difference between calculated and actual properties values in investigated
points, determined by equation:

Dki = 9_ Yi (18)
i=1, 2, 3, ... n; and depends of control points number
218




THEMATIC PROCEEDINGS
THE IMPACT OF THE COVID 19 PANDEMIC ON ECONOMY, RESOURCES AND SUSTAINABLE
DEVELOPMENT

y - value of the regression polynomial for all combinations of factor levels in selected
control points

y; - values obtained by experiment

r — number of repeated experiments in the plan points

oy — average square experiment error (experiment dispersion)

Deviation of standard results at measuring, used to determine experiment error, is
calculated by dispersion analysis, equation (19).

azy=%2?(yi —yijz (19)

where are:
o2y - dispersion of experiment
yi - values obtained by experiment

Y: - is mean values of experiment values sum

Ay — value which depends on the control points positions in the plan of experiment triangle
which usually is determined for each plan (first, second, third, fourth degree) separately
(Keddam & Chegroune, 2010; Krasovsky & Filaretov, 1982; Zedginidze, 1971).

For the fourth degree plan Ak is determined by equation:

A =[Za? +Tay? + Taiiif? + Zay,’] (20)
a, =1/3x, (32xi3 — 48x,% +22x, — 3); (a,,a,,a,)=2a, (21)
ay; = 4% X, (1+16x, X; — 4% —4X, | ICT- T ayj (22)
ay; =16/3%,X (8xi2 —6x, +1) (A1112+ B1p22+ Apaza, Az ) = A (23)
B = 326X, X, (3% =X, = X, } (s Bz Buzgs ) = i (24)

a — level of probability (o =0.01);
k; — number of control points in which the validation of the model adequacy is executed
(i=1,2)

f — number of freedom degrees for the results dispersion evaluation ¢ yA

ti < tyr (25)

If ti is less than tkr i.e. ti < tkr, hypothesis of inadequacy is accepted. Model is then
inadequate and vice versa.

Based on the Student t — criteria, the adequacy of the fourth level mathematical model was
confirmed with 99% probability.
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3.2Algoritham for a real solution determining

0010 REM PROGRAM FOR THE FOURTH DEGREE POLYNUM
0020 READ B1,B2,B3,B4,B5,B6,C1,C2,C3,D1,D2,D3,E1,E2,E3
0030 DATA 70.6,100.5,65.7,2,4,5,9,7,4,8,9,6,5,5,3

0031 DATA 514.53,737.2,51.73,-2209.23,743.29,2470.37

0040 INPUT R1,R2,R3,N,K

0050 INPUT E5

0060 FOR Y=R1 TO R2 STEP R3
0065 FOR X3=0 TO 1 STEP K
0100 H=1/N

0110 FOR I=1 TO N STEP 1
0120 Z1=(H)*(I-1)

0130 Z2=(H)*(l)

0140 GOSUB 200

0150 NEXT |

0155 NEXT X3

0156 NEXT Y

0160 END

0200 Z3=(Z1+Z2)/2

0210 X1=Z1

0220 GOSUB 500

0225 IF X2<0 THEN GO TO 240
0230 Y1=Y5

0240 X1=Z2

0250 GOSUB 500

0255 IF X2<0 THEN GO TO 270
0260 Y2=Y5

0270 X1=Z3

0280 GOSUB 500

0285 IF X2<0 THEN GO TO 440
0290 Y3=Y5

0300 Y4=ABS(Y3-Y)

0310 IF Y4>E5 THEN GO TO 340
0320 PRINT "X1=";X3,"X2=":X2, "X3=":X3, "Y=",Y, "YY=",Y3
0330 GO TO 440

0340 B8=(Y1-Y)*(Y3-Y)

0350 B9=ABS (BS)

0360 IF B8=B9 THEN GO TO 390
0370 Z2=Z73

0380 GO TO 200

0390 B8=(Y2-Y)*(Y3-Y)

0400 B9= ABS (BS)

0410 IF B8=B9 THEN GO TO 440
0420 Z1=Z73

0430 GO TO 200
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0440 RETURN

0500 X2=1-X1-X3

0510 Al=(B1)*(X1)+(B2)*(X2)+(B3)*(X3)+(B4)*(X1)*(X2)+(B5)*(X1)*(X3)
0520 A2=(B6)*(X2)*(X3)+(C2)*(X1)*(X2)*(X1-X2)+(C2)*(X1)*(X3)*(X1-X3)
0530 A3=(C3)*(X2)*(X3)* (X2-X3)+(D1)*(X1)*(X2)*(X1-X2)*(X1-X2)

0540 Ad=(D2)*(X1)*(X3)* (X1-X3)*(X1-X3)+(D3)*(X2)*(X3)*(X2-X2)*(X2-X3)
0550 AS=(E1)*(X1)*(X1)* (X2)*(X3)+(E2)*(X1)*(X2)*(X2)*(X3)

0560 AG=(E3)*(X1)*(X2)* (X3)*(X3)

0570 Y5=A1+A2+A3+A4+A5+AB

0580 RETURN

Algorithm application for computer program requires entering following information:
* experiment plan

* experimental results for volume changes, porosity and depth boriding layers,

* regression coefficients

* borders to determine iso - lines

« step that depend on the lines density in the simplex triangle

* control points

4. RESULTS AND DISCUSSION

After the activation of program a dialog box appears that contains a table which is filled on
the basis of the provided plan for the experiment and based on the obtained experimental
results (volume changes, porosity and boroning layer depth). The program is designed to
enable us to draw simplex triangle, (figures 2a, 2b and 2c), give us the value of regresion
polynomial (1).

The value of regresional polynomial indicates obtained volume changes, porosity or
boriding layer depth changes with the selected activator content (coordinates x1, x2 and x3),
so these changes can be predicted in advance or specified. By analysis of iso lines, it can be
seen where are obtained extreme values of observed changes. In Figure 2a, is shown pressed
and boriding samples volume changes dependence of the mixture composition. Closed iso-
line are obtained when a volume changing is 2.6% to -0.1%, which means that in these areas
are achieved extreme values of boriding samples dimensional changes.

Maximum values, 2.7% and - 0.5%, in these areas were obtained by algorithm for
computing. Such volume changes will be possible if boriding process is performed in
mixtures which contain: 0.9% NH4FHF, 0.7% NHA4CI, 2.4% KBF4 and 1.7% NH4FHF, 1.7%
NHA4CI, 0.6% KBF4, respectively. After boriding, due to the influence of boriding mixture
and the presence of activated sintering, sample size may remain the same, or there may be
shrinkage or increase in sample size.
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Figure 2. General principles followed by the pressed boroned samples observed changes
from boriding composition mixture for a) volume changes b) porosity c¢) depth of boride
layers of the pressed boroned samples (0 - experimental points, * - points obtained by
calculations, x - control points) (Celebi et al., 2005; Ivanov & Pozega, 2008; Pozega et al.,
2009; Pozega & Ivanov, 2008; Pozega et al., 2009)

Influence of the mixtures composition for boriding on the volume changes for pressed and
boriding iron powder samples is dual. In some samples was observed contraction, and in
others increase in size, ie. expansion. Influence of boron - a saturation element, is dominated
when volume is increased. As a result of boron atoms diffusion from boriding mixture to the
surface layer of samples, there was an increase in sample size, thus and in volume.

By formation of diffusion layers on the pore surface volume increases, because the surface
crossing of the pore channel reduces and a large number of pores disappears. Internal mass
transport processes reduce the distance between particles of powder, resulting in the pressed
samples shrinking. In samples where there is a shrinking, there is a reduction in porosity. This
leads to reduction in pore volume and an increase in pressed samples density.

Application working by described algorithm allows us to pre-determine the volume change
without practical experiment and allows optimization of the boriding process. Increased
porosity of boriding samples, compared to the normal, is the consequence of insufficiently
activated sintering. The quantity of activated sintering depends on diffusion coefficient,
powder particle size and pressing pressure. During sintering the pores become orbiculate and
at the final stage of sintering, open porosity transforms in closed porosity with isolated pores.
By simulation of boriding process we can determine the activators percentage content and the
adequate values of samples porosity, (figure 2b). The largest porosity of boriding samples,
19.985% are observed in the mixtures with 1% NH4CI, 3% NH4FHF and 0% KBF4. On the
other hand, the lowest porosity of 4.369% and most visible activated sintering was observed
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on boriding samples in mixtures which containe 2% NHA4Cl, 2% KBF4 and 0% NH4FHF,
(table 3). In Figure 2c. is given the dependence of pressed samples and boriding samples
depth changes from mixtures composition for boriding. It can be observed varying in depths
of boriding layers due to the influence of different mixtures composition and the uneven
effects of activator. The depth of diffusion layer depends on the active and adsorbed boron
atoms concentration on the surface of the sample. Boron saturation in the gas environment in
the presence of a large number of pores, allowed obtaining of boriding layers higher depth.
Concentration of diffunded element (boron) is increased at a significantly greater depth, since
the saturation proceeded from the sample surface, and also from pore surface. At boriding
layer depth of 109.1 um was obtained a closed iso-lines, which means that in this area reached
depth of boriding layers are extreme. Experimentally obtained value in this area amounts to
109. 437 um. Such depth would be obtained if the boriding performed in mixtures containing
2% NH4FHF, 1% NHA4CI, 1% and 1% KBF4.

CONCLUSION

Analysis and evaluation of the basic indicators for the quality boride layers obtain was
done by computer program during the emergency measures caused by the COVID-19
pandemic adopted by the Government of the Republic of Serbia and work from home. The
presented paper is the achievement of efficient science performance of our research group for
the given measures during the covid-19 pandemic.

Algorithm for computer program proposed in this work is a simple and convenient tool for
simulation of volume changes, changes in porosity and depth boriding layer as a function of
activators.

By adjusting basic mixture which is modified by the addition of activators, it makes it
possible to optimize the properties of borides layers. By algorithm it is able to predict the
most suitable activator composition. In this way can be reduced number of practical
experiments, new product development time and work of researchers during the COVID-19
pandemic. The obtained results are part of broader continued and ongoing investigations of
new substances that have a positive impact on the boriding metallic materials produced using
powder metallurgy in the frame of our research group (Krasovsky & Filaretov, 1982; Ivanov
& Pozega, 2008; Pozega et al., 2009; Pozega & Ivanov, 2008; Pozega et al., 2009; Mileti¢ &
Stanojevi¢, 2018; Mileti¢ et al., 2016).
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ABSTRACT

The grapevine is one of the most important economic fruit crops that are widely grown in almost
all continents. The fruits produced worldwide are mainly processed into wine. In addition, significant
portions have also been used for fresh consumption, dried as raisins or processed into juice. The
objectives of grapevine breeding vary according to its usage and often are region-specific. However,
most breeding programs aim at combining high yield and high fruit quality with improved resistance
to multiple diseases and pests, and/or increased adaptation to adverse environments. These desirable
traits can be exploited from the vast genetic resources of the Vitis genus. Different methods have been
used to incorporate useful traits including conventional breeding, mutation and polyploid breeding,
and biotechnological approaches. Integration of these tools will allow breeders to meet with the
increasing demands for novel grapevine varieties with improved yield and quality in an era of limited
resources, increasing health and ecological awareness, as well as increasing environmental
pressures.

KEYWORDS
Grapevine; Vitis vinifera; wine quality; genetic resources; genetic variability.

1. INTRODUCTION

The grapevine (Vitis vinifera L.) is the most economically important woody perennial fruit
crop, cultivated in most of the continents of the world. Viticulture and wine making have been
part of human culture for thousands of years (IGGP 2002). Approximately 71% of the world’s
harvest is processed into wine, 27% is consumed fresh and 2% is dried for raisins (Tantasawat
et al.,2010).

Grapevine (Vitis vinifera L.) is one of the most widely cultivated and economically
significant crops in the world, with 7.5 mha of worldwide cultivated area generating 259 mhl
of wine production. Since the early domestication period, expansion of human activity led to
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the creation of thousands of grapevine varieties with extensive phenotypic diversity (Freitas et
al.,2019) V. vinifera L. is the most widely cultivated Vitis species due to its adaptability to a
wide range of temperate to subtropical or tropical conditions. It probably originated in the
Mediterranean Basin and the Middle East, where it was domesticated 5,000 years ago. V.
vinifera has given rise to over 14,000 cultivars grown in most of the cultivated areas
worldwide. It is estimated that more than 90% of the world’s grapevines are either V. vinifera
or V. vinifera hybrids. V. vinifera cultivars are usually of outstanding quality but they are
susceptible to a variety of biotic and abiotic stresses. Therefore, grapevine improvement is
necessary to achieve specific goals and local adaptation (Tantasawat et al., 2010).

Increased production efficiency and improved fruit quality have traditionally been based
on the modification of management and growing conditions of specific genotypes which have
generally been kept constant by vegetative multiplication (IGGP, 2002). Numerous breeding
programs have been conducted in different parts of the world using various breeding methods
(Tantasawat et al., 2010) Unfortunately, the recent favoring of specific varieties/clones, and
the globalization-driven exposure to pathogens, has led to extensive genetic erosion. Breeding
for resilience to climate change, yield or other traits, requires a crucial understanding of the
genetic basis of phenotypic variation, a field that has seen significant advances due to the use
of genome-wide approaches (Freitas et al., 2019) Continued advances in technology at the
genomic level will increase the understanding of grapevine genetics and genes which underlie
its important traits. Therefore, integration of these new and classical technologies into
grapevine breeding programs will further ensure outstanding breeding successes in the future
(Tantasawat et al.,2010).

2. BERRY AND WINE QUALITY

A first attempt to elucidate berry quality genetically was reported by Hendrick and
Anthony (1915). The authors analyzed results of various crosses with different parental
combinations. Most noticeable was the very low percentage of seedlings whose quality was
good or above good even when parents of the best quality were used. The authors observed a
tendency for the proportion of seedlings giving good quality to decrease with the use of
parents showing poorer quality. They concluded that for breeding only high quality parents
should be used. Thousands of years of selection of grapevine during domestication have
raised the quality in V. vinifera subsp. vinifera to a point that it has become a powerful factor
in transmitting high quality (Hendrick and Anthony, 1915).

Berry quality and hence wine quality is by far the most complex trait in grape breeding. It
relies on complex sensory perceptions including taste, smell, and mouthfeel. Selection of
good quality genotypes depends on the organoleptic perception of the tasting panel thus being
rather subjective. Berry quality is difficult to evaluate for table grapes and even more difficult
for wine grapes since fermentation by yeasts increases the complexity of the trait through
metabolic conversions. The amount of sugars, acids, fermentable nitrogen (amino acids),
minerals (e.g. potassium), balanced (positive) aroma compounds and lack of off-flavors in the
must are major components to estimate berry quality. In particular the concentration, the
balance and the interactions of up to 800 different aroma compounds (Rapp, 1994), not all
are relevant for sensory perception and most are formed during fermentation — are crucial for
the appraisal of quality. In wine, which is free of sugar after fermentation, any inharmonious
taste can easily be recognized and off- flavors quickly emerge. Changes during storage and
aging of wine need to be evaluated to uncover sensory deficits which are attributed to the
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breeding line. Within a breeding program berry, respectively, must quality can be recorded
only 4 to 5 years after a cross and it is strongly influenced by environmental factors.
Furthermore, the amount of grapes available for experimental micro-vinification for
assessment of wine quality is limited. The number of vines available impairs the scale of
fermentation and hence a quality evaluation. Thus the assessment of berry quality is direfully
complex, time consuming and the most important trait to be evaluated. Up to now the trait
“quality” was treated mostly empirically with the help of trained tasting panels and analytical
measurements of major must components (Topfer et al., 2011).

3. MARKERS FOR BERRY AND WINE QUALITY

With respect to wine quality a considerable lack of knowledge and methodology has to be
stated. However, insights into the complex trait of wine quality will be gained during the
forthcoming years. A method of choice will be the use of SNP markers in canalizing diverse
and expensive analytical methods like GC, GC/MS, LC, LC/MS. Concerning positive aroma
compounds (e.g. monoterpenes) first QTLs have been described (Eibach et al.,2003 ; Grando
et al.,2004; Doligez et al. 2006) and a good candidate gene (1-deoxz-D- xylulose 5-phosphate
synthase) for terpenol content was identified on chromosome 5 (Battilana et al., 2009;
Duchene et al. 2009) But the data still needs to form a clearer picture to become useful for
MAS of berry quality. In contrast it could be much easier to develop markers to monitor off-
flavors. They would be very useful to eliminate undesirable flavor compounds (e.g. furaneol
or methylantranilate) very rapidly from the gene pool while introducing new resistance genes
to V.vinifera.

Recently the biosynthesis of tartaric acid contributing to taste, mouthfeel and aging
potential received some interest since too low acidity in hot climate viticulture is a major
quality issue. De Bolt et al. (2004; 2006) gained major insight in the biosynthetic pathway of
tartaric acid synthesis and the underlying enzymes (De Bolt et al. 2004; De Bolt et al., 2006).
Hypothesized for a long time the authors gave convincing evidence that tartaric acid in
grapevine is a product of vitamin C (ascorbate) catabolism. In a recent report about ascorbate
metabolism first regulatory aspects could be elucidated (Melino et al., 2009). The
accumulating knowledge will be used to unravel the regulation of the pathway opening the
possibility to build up new selection schemes for cultivars showing an appropriate acid
balance.

As indicated, an important trait is the color of the grapevine berries which is caused by the
synthesis of anthocyanins in the berry skin of red and black genotypes in the second ripening
phase after véraison. The key biosynthetic enzyme for anthocyanin formation (UDP-
glucose:flavonoid 3-O-glucosyltransferase (UFGT)) has been mapped on chromosome 16
(Fischer et al., 2004) by using a SCAR marker deduced from sequence information provided
by Sparvoli et al., (1994). More important for color formation is the transcription factor mybA
that controls UFGT gene expression. The mybA gene is located on chromosome 2. Due to a
transposon-based mutation within the promoter of one allele of the mybA gene the
development of a molecular marker is now possible correlating very tightly with berry skin
color (Kobayashi et al., 2004; Walker et al., 2007). This transposon insertion was tightly
correlated with white berry color. Color variants could be explained in 95% of the cases by
different alleles of the mybAl gene showing molecular fingerprints of transposon excision
(Lijavetzky et al., 2006; This et al., 2006). Further modulation of color can be explained by
different expressions of genes for anthocyanin modifying enzymes (Castellarin et al., 2007).
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In terms of genetic understanding another modification which has been introgressed into V.
vinifera L. subsp. vinifera has been much easier to be accomplished. Among the anthocyanins
two major types exist: anthocyanin 3-glucosides and anthocyanin 3,5-diglucosides (mainly
malvin). Anthocyanin 3-glucosides are found in all colored grapes whereas anthocyanin 3,5-
diglucosides occur in most wild Vitis species and in derivatives of crosses of V. vinifera L.
subsp. vinifera with wild Vitis species. They are absent on a very low level in traditional V.
vinifera L. subsp. vinifera cultivars. Anthocyanin 5-glucosyltransferase (5-GT) is the
responsible enzyme catalyzing the glycosylation reaction from anthocyanin 3-glucoside to
anthocyanin 3,5-diglucoside. Expression of the 5-gt gene correlates positively with
anthocyanin 3,5-diglucoside formation in berry skins of different grape genotypes (Hausmann
and Topfer, 2006) Therefore the gene encoding 5-GT was cloned and sequenced from
different Vitis genotypes. The 5-gt alleles from traditional V. vinifera genotypes showed
mutations leading to non-functional gene products in contrast to a functional 5-GT originally
descended from a wild Vitis species (Hausmann et al., 2009; Janvary, L. et al., 2009). Based
on the sequence differences in the 5-gt alleles a molecular marker was developed. Using this
5-gt sequences characterized amplified region (SCAR) marker the 5-gt gene was mapped on
chromosome 9 at the same site where the trait “malvin” has been previously localized (Welter
et al., 2007). Since malvin is very intense in color and quite stable it may be used to develop
cultivars with dark colored berries.

4. GRAPEVINE GENETIC RESOURCES

There are several species of wild and cultivated grapevines in the world, and each species
consists of numerous varieties. In different countries more than 10,000 named varieties of
grapevine were found. The list of new varieties is continually being added to every year.
Grapevine germplasm collections are crucial for maintaining the genetic resources of Vitis.
Genetic resources can be divided into 4 types: wild species, old traditional cultivars, new
cultivars and breeding lines. The wild species are potential sources for various traits. Both
Euvitis and Muscadinia species are good sources of resistance. Several American species are
resistant to phylloxera (Dactylosphaera vitifoliae; mainly Vitis riparia, Vitis rupestris and
Vitis berlandieri) and are used extensively in breeding programs. Among these three species,
only Vitis berlandieri is adapted to highly calcareous soils, and it is used to develop root
stocks resistant to phylloxera and lime-induced chlorosis. Wild Chinese species including
Vitis bryoniifolia, Vitis davidii and Vitis piasezkii, and Asiatic species Vitis amurensis are
good sources of powdery mildew (Uncinula necator), and/or downy mildew (Plasmopara
viticola) resistance. Muscadinia is a useful source of resistance to phylloxera, nematodes,
Pierce’s disease (PD; Xylella fastidiosa) and fungal diseases including powdery mildew and
downy mildew. Several sources of tolerance to abiotic stresses (cold, drought, salinity, lime
etc.) are also observed in different Vitis spp. for example, cold tolerance is found in the
northern species Vitis riparia, Vitis labrusca and Vitis amurensis. While southern species,
Vitis lincecumii, Vitis bourquiniana and Vitis rotundifolia, provide tolerance to hot
conditions. However, these wild species have small berries with excessive seeds and strong
pungent flavors. Therefore, extensive backcrosses are often needed to eliminate some
unfavorable characteristics of the wild species. In addition to the wild Vitis spp., many
traditional or new cultivars are also good sources of desirable traits. Germplasm collections
have stored at least 10,000 grapevine varieties. However, because synonyms and homonyms
occur in grapevine, a more accurate estimate of the number of varieties might be closer to
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5,000. The true number of varieties and the relationships between them remain to be
determined possibly by extensive DNA profiling of the grape varieties in different collections
and the development of a common database. Germplasms are being maintained in the field as

well as in tissue culture or cryopreservation (at -196°C). It was found that selection of the
superior accessions and evaluation of the germplasms are probably one of the first steps for
grapevine breeding. During the past ten years, there has been increasing interest in grape
germplasm resources and genetic diversity analysis. It helps to protect some varieties of
grapes, especially wild grapes like Vitis vinifera ssp. sylvestris, which is an ancestor of
cultivated varieties, and facilitates their utilization in grapevine breeding programs. Sylvestris
grapes can climb forest trees at about 20-30 m of height and produce small bunches of fruits.
In addition, they resist/tolerate both biotic and abiotic stress factors including drought, lime,
pests and diseases. Nowadays, information on grape database and germplasm collections can
be found on different websites (Tantasawat et al. 2010).

5. PRESERVATION OF GRAPEVINE GENETIC RESOURCES

The cultivated grapevine Vitis vinifera does not breed true from seed (Mullins, 1992).
Vegetative propagation provides relative genetic stability, as well as phenotypic consistency
of desirable traits (Jackson, 2008). For this reason and to ensure the perpetuation of the elite
selected phenotypes, grapevine cultivars have been selected, conserved and maintained via
vegetative propagation since domestication thousands of years ago (Thomas et al. 1994;
Pelsy, 2010). Vegetative propagules from a single common ancestor are referred to as clones
(Forneck, 2005). One drawback associated with clonal propagation is the loss of genetic
diversity generated by genome recombination during sexual reproduction (Emanuelli et al.,
2013).

Despite the relative genetic stability that vegetative propagation provides, somatic
mutations are still possible (Meneghetti et al 2012). Although such mutations have the
potential to disrupt quality traits, they can also result in the appearance of superior qualities or
distinct characters producing an individual sport or new cultivar (Anhalt et al., 2011). Somatic
mutations may be fixed vas asexual propagation leading to intra-varietal diversity within
cultivars resulting in several clonal lines with differing phenotypes (Franks et al., 2002).

A range of techniques have been utilized to study genetic diversity within cultivars
including sequence specific amplification polymorphism (S-SAP) (Stajner et al., 2009),
microsatellites or simple sequence repeats (SSRs) (Imazio et al., 2002), inter simple sequence
repeats (ISSR) and amplified fragment length polymorphism (AFLP) (Forneck, 2005). The
advent of next generation sequencing (NGS) and the use of single nucleotide polymorphism
(SNP) markers allow economic and reliable screening of tens or hundreds of thousands of
markers per assay (de Lorenzis et al., 2017). SNPs are able to be identified from short reads
created by NGS platforms, through aligning to a reference genome or de novo genome
assembly (Nielsen et al., 2011). The use of reduced representation libraries (RRLs) as a form
of complexity reduction combined with barcoded sampling allows for multiplexing of
multiple samples in a single sequencing lane, has significantly reduced the cost and
complexity of SNP genotyping. Compared to other genotyping techniques SNPs are highly
stable and reproducible between laboratories (Elshire et al., 2011).

However, many clonal lines of Vitis vinifera can often be indistinguishable using genetic
information alone. A recent example of this was presented in two cultivars — Anglianico and
Muscat, whereby an 18k SNP array could not discriminate clonal lines. However this study
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did discriminate clones based on chemical diversity of secondary metabolites, specifically
anthocianins and phenolic substances (de Lorenzis et al. 2017). This is a method of
discrimination via phenotype not unlike the physical practice of ampelography albeit at a finer
resolution. The authors speculated that epigenetic regulatory mechanisms could contribute to
clonal diversity in grapevine. This was hypothesized much earlier by Imazio et al. (2002) who
suggested that morphological differences amongst clones could be the result of differential
expression owing to clone specific epigenetic differences. Since then the use of epigenetic
approaches has shown to be better suited for the identification of clonal lines (Ocana et al.,
2013).

The process of vegetative propagation in plants shortcuts the developmental transition
from seedling to adult plant. This vegetative phase change has already occurred in woody
perennials sometimes at the expense of juvenile potential (such as rooting). This phase change
can be reversed and is known as rejuvenation. Various techniques of propagation from mature
tissues have resulted in observations of change due to rejuvenation. Phase change following
rejuvenation has been shown to present altered DNA methylation states compared with
juvenile and mature tissues in Sequoia sempervirens. Propagation based methylation
differences have been observed in several species including Sequoiadendron giganteum,
Manihot esculenta, Pinus radiate and Vitis vinifera (Grigg, 2017).

Another way to preserve the genetic diversity of grape varieties is institutional germplasm
conservatories. They are certainly useful, but it is not reasonable to count only on these
conservatories for the preservation of the genetic resources of vines. Their surfaces and their
numbers are insufficient to take into account the wide genetic diversity of the vine. They
depend on public funding and thus are subject to possible budget cuts. By gathering the
genetic resources in a small number of sites, one increases the risk of accidents: climatic
catastrophes, diseases, budget cuts.... To show how fragile they are, one can quote the case of
Vassal estate in France, which gathers the greatest number of vine genotypes in the world
(INRA, 25 ha, 7,500 genotypes, 2,600 Vitis vinifera varieties, 210 rootstocks and 720 hybrids
originating from 47 countries). The INRA is not the owner of the land and the lease is
expiring. This situation forces the INRA to move this vast collection. In complement of the
conservatories, genetic resources could be preserved in private wine producing estates.
Without questioning institutional clonal selection, which has shown its effectiveness, it is
desirable to promote private mass selections on a minority but significant proportion of
planted surfaces, for example 5% (van Leeuwen and Roby, 2010). Such a proportion would
make it possible to preserve a genetic diversity on approximately 40,000 ha in France, that is
to say about 1000 times more than is possible today in the institutional conservatories. The
private clonal selections can also contribute, in a more limited way, to the preservation of the
biodiversity. It is necessary to accompany these private selections (mass or clonal) in
particular to limit the risk of propagation of virus diseases and phytoplasma. Mass selection is
the easiest way to carry out a private selection of plant material. It is also possible to
implement a true private clonal selection programme. This way requires obviously more
important technical and financial means than the mass selection and contributes more
modestly to the preservation of the biodiversity (Roby et al., 2014).
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6. CONCLUSION

Over the past millennia, human selection for traits of interest, especially those important to
fruit production, have shaped the appearance of grapes. In particular, selection for
hermaphroditic flowers increased grape production, as propagating both male and female
plants was no longer required. While nearly half of all grapes grown are vinified into wine,
36% are consumed fresh and the rest are dried or used for juice.2 Desirable berry traits differ
depending on the use of the grapes, and, thus, the different breeding targets for table and wine
grapes have led to differences in berry and bunch size. There is also evidence of selection for
white berry color.

Over the past millennia, human selection for traits of interest, especially those important to
fruit production, have shaped the appearance of grapes. In particular, selection for
hermaphroditic flowers increased grape production, as propagating both male and female
plants was no longer required. While nearly half of all grapes grown are vinified into wine,
36% are consumed fresh and the rest are dried or used for juice.2 Desirable berry traits differ
depending on the use of the grapes, and, thus, the different breeding targets for table and wine
grapes have led to differences in berry and bunch size. There is also evidence of selection for
white berry color.

The ability to save time and money when breeding makes grapes an attractive candidate for
MAS. Using genetic markers, individuals can be tested for a trait at the seed or seedling stage.
Thus, MAS offers the greatest potential for traits that are difficult and expensive to
phenotype, such as disease resistance, or time-consuming to measure, such as fruit traits only
visible after several years. Wild Vitis relatives have been previously used for hybrid grape
breeding and are a promising source of resistance loci for introgression through MAS For
example, V. arizonica was used in the development of Pierce’s disease-resistant wine grapes),
while Muscadinia rotundifolia was used to pyramid resistance from both powdery and downy
mildew into V. vinifera Markers have also been identified for many other traits in grape
including berry color, flower sex, seedlessness and muscat aroma.

The discovery of markers for agriculturally important traits has facilitated the use of MAS
in grapes. However, the technique is only worthwhile when the cost of phenotyping is higher
than the cost of discovering new markers and genotyping cultivars. Decreasing DNA
sequencing costs will continue to accelerate both marker discovery and the implementation of
MAS in grape breeding. While sequencing costs have decreased, phenotyping remains a slow
and expensive process. Fortunately, historical phenotype information already available in
gene banks can be linked with genomic information for genetic mapping of important traits.
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ABSTRACT

Application biotechnologies are considered genetic engineering in agriculture with the
introduction of genetically modified (GM) plants are constantly creating new opportunities to increase
crop production and to solve problems in agriculture, such as diseases, pests, weeds, abiotic stresses
and nutritional limitations. These are formed, and the plants have new properties that enable their use
in pharmaceutical manufacturing. As the GM plant introductions to various locations characterized
by a variety of ecosystems, types of agriculture, biodiversity and agricultural practices, it is necessary
to scientifically understand the effects of growing GM plants on the environment, which will provide
security and environmental sustainability. The most important research it focused on was the
invasiveness of the GM plant, vertical and horizontal gene transfer, the impact on biological diversity
and on other products. These tests are very complex, multi, inter and transdisciplinary. This article
discusses some of the most important problems related to the application of the technology of genetic
engineering in agriculture and the introduction of GM plants into the environment, such as plant
protection, ecological effects of horizontal gene transfer, biodiversity, stress, the effects of land etc.
There is a clear need to further investigate the size and scope of the risk spreading of transgenic
plants. In assessing the interrelation of GM plants and existing varieties, more detailed knowledge of
the development of GM plants will provide a clearer, more reliable and precise directed activity in
plant sciences.

KEY WORDS
Genetic engineering, crop production, GM plants, biotechnology

1. INTRODUCTION

Genetic manipulations have been commonly used throughout modern plant selection,
including new combinations of genes [1], artificial manipulation of the number of
chromosomes [2], the development of addition [3], substitution and breeds containing specific
chromosomes, chemical and radioactive treatments aiming to induce mutations and
chromosomal rearrangements, cell, tissue and embryo cultures, in vitro fertilization and fusion

239


mailto:jboskovic@fimek.edu.rs
mailto:vladicar011@gmail.com

ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

of protoplasts for detection of interspecies and genus hybridization. Integration of these
technologies have made the greatest contribution to genetic improvement in yield, adaptation
to the environment [4], resistance to pests and parasites [5], as well as improving the quality
[6], that was permanently required by both food producers and consumers [7; 8; 9; 10; 11].

Developments in molecular biology, genetic engineering enabled the efficient modification
of cultivated plants and CRISPR/Cas9 [12; 13; 14; 15]. These technologies may have adverse
impact on the environment [16; 17], human health and increase poverty. During the
forthcoming period it is necessary to devote more attention to commercially and economically
justified use of GM crops in agricultural food production [18; 19; 20; 21; 22; 14; 24]. In this
respect, linking science and politics should facilitate an overall assessment of acceptability
and spread of GM crops. There are still significant disagreements about the extent to which
sustainability, globalization, ethics and socio-economic approach should be parts of the risk
assessment of GM crop use in most countries [25; 26; 27; 28].

2. PLANT PROTECTION AND GENETICALLY MODIFIED CROPS

Major plant protection considerations about GM crops (GMCs) are the possibilities of
incorporation of resistance genes into insects, fungal and bacterial pathogens, viruses,
emphasizing the long-term resistance as the main problem of [29; 30; 31; 32; 33]. Pest plant
protection by genetic modification is demonstrated by the use of Bt toxins from Bacillus
thuringiensis, successfully used as spray for many years, that has been introduced in a number
of plant species such as: tomato, tobacco, cotton, etc. It has been proved that pea lecithin
protects against insect attacks in transgenic potato and tobacco. Trypsin inhibiting protein of
fodder pea has also been used. GM plants provide a great possibility of benefits to the
environment by reduced pesticide use by the development of pest resistance. However, these
advantages can be quickly denied: there are possible strategies of exposure reduction of pests
to transgenic products, thus lowering resistance level and applying restricted transgene action
[34; 35; 36].

It has been shown that the application of transgenic resistance to viruses through indirect
protection of cap-proteins is possible, and it can be used as a method for a wide range of
viruses and hosts, e.g. expression of TMV cap-proteins for tobacco mosaic virus of potato and
tomato resistant to PVX and PVY [12; 37].

The use of genetic modification in fungal and bacterial plant pathogens control has also
been developed. As with pests, the main problem is transient resistance and complex
interactive pathogen-hosts relations. The improvement of such resistance was attempted to
achieve by the use of GM plants. In addition, there is a need to develop multiple resistance
strategies (i.e. pyramiding resistance genes) towards different virulence levels of plant
parasites [12; 35; 38; 20; 21; 30; 39].

3. HORIZONTAL GENE TRANSFER (HTG)

Horizontal gene transfer (HTG) is the transfer of the genetic material between cells or
genomes that belong to different species, during processes that differ from the common
reproduction. During basic reproduction processes genes are transferred vertically from
parents to their offspring. Bacteria are known to participate in gene exchange between
different species in nature. It is performed via three mechanisms: during conjugation when
genetic material passes between cells, by transduction where the genetic material is
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transferred from one cell of infective viruses into another and by transformation in which
genetic material is taken directly from the cell or its environment [5; 12; 40]. For the
successful horizontal gene transfer, foreign genetic material must become part of the cell
genome, or be maintained stable within the recipient cell. In certain cases, foreign genetic
material that enters the cell, will be removed before it incorporates into the genome,
especially if it originates from the different species [41]. Under specific yet not fully clarified
ecological conditions, foreign genetic material avoids the removal and incorporates into the
genome [42].

Horizontal gene flow is well known in bacteria, but also in some higher plants and animals.
In its base this process comprises the whole biosphere, and bacteria and viruses are
intermediary in gene flow, gene pool, replication and recombination [16; 43].

There are many potential pathways for horizontal gene transfer in plants and animals. As
there are many viruses that infect plants and animals, transduction is expected to be the most
frequent way of transfer. Latest investigations in gene therapy indicate potential high
importance of transformation for mammal cells, including humans. Direct transformation is
not as significant for plant cells that have protective cell walls. However, soil bacteria that
belong to the genus Agrobacterium are able to transfer T (tumor) segment of its induced
tumor (Ti) plasmid into plant cells in the conjugation process. This Ti-DNK is widely used as
a resource of gene transfer in plant genetic engineering. Foreign genetic material from insects
and arthropods with strong mutagenic reactions can also be built in into plant and animal
cells. Additionally, bacterial pathogens that penetrate into plant and animal cells can take over
foreign genetic material and carry it over in cells as vectors, probably to any kind of
organisms on the planet. The most significant barriers for horizontal gene flow are employed
after penetration of the foreign genetic material into the cell [44].

However, viruses and other genetic parasites, such as plasmids and transposons, have
special genetic signals and probably a structure that enables them to avoid annihilation. The
genetic material of viruses is protected by the protein coat. They discard their protein coat
when penetrating the cell, thus enabling the creation of numerous copies or pass directly into
the cell genome. Plasmids are free fractions usually round in shape so that genetic material
can finally be maintained in the cell separately from the cell genome [45]. Transposons
(jJumping genes) are blocks of genetic material that have the ability to incorporate into the
genome but can survive out of chromosomes, with or without the replication, and are kept
within plasmids for further reproduction. Genes of genetic parasites such as viruses, plasmids
and transposons have a significantly higher ability to be successfully transferred into the cell
genome. In such manner they function as vectors for horizontal gene transfer regulated by
inner characteristics of the organism, linked to the specific ecological conditions [1; 44; 14].

4. EVIDENCE OF HORIZONTAL TRANSGENIC DNA TRANSFER

It is believed that once incorporated transgenic DNA becomes stable. However, there is a
body of evidence against this assumption. There are molecular data that prove structural
stability of transgenic DNA, with regard to its location, point of penetration into genome and
gene arrangement within the following generations. Transgenes can be either stabilized in
successive generations or completely lost. Gene for herbicides tolerance incorporated into
Arabidopsis with a vector, can show up to 30 times stronger vector avoidance behavior, and it
spreads as the identical gene obtained by mutagenesis. The results obtained suggest that
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horizontal gene transfer can occur via insects visiting plants for pollen and nectar, and that
pollen can transfer transgenic DNA into the bee larvae gut [43; 44].

It has been experimentally confirmed that the secondary horizontal transgene and gene
resistance markers to antibiotics transfer in genetically modified plants, soil bacteria and
fungi. Transfer to fungi was achieved by simple co-cultivation, while the transfer to bacteria
by reisolation of transgene DNA or a whole DNK of a transgenic plant. Successful transfer of
kanamycin resistance gene markers to the soil bacteria Acinetobacter was achieved by the use
of extracted total DNA from homogenized plant leaf of the following transgenic plants:
Solanum tuberozum (potato), Nicotiana tabacum (tobacco), Beta vulgaris (sugar beet),
Brasica napus (canola) and Lyopersicum esculentum (tomato). It has been evaluated that
about 2500 copies of kanamycin resistance genes are enough for a successful transformation
of a bacteria, regardless if there exist 6 million folded strands) of the present plant DNA.

However, natural conditions in the environment are widely unpredictable and some studies
on synergetic effects could not be neglected in this case. Free transgenic DNA would be free
in the rhizosphere around plant root, which is a significant critical point in the environment.
Some other scientists have found a horizontal transfer of the kanamycin resistance gene from
transgenic DNK to Acinobacter, and positive results have been obtained by the use of
homogenized 100u of plant leaf.

Biotechnology industry insists that the existence of horizontal gene flow in laboratory
conditions does not mean that it occurs in natural environments. However, there is a body of
evidence showing that it can and does occur in nature. Above all, genetic material taken from
dead and living cells resists outer conditions, does not dissolve or devastate as it has been
previously assumed. This indicates that sand, humus acid parts and plant debris enable
infections with more microorganisms in the soil. Bacterial transformation in soil via absorbed
DNA into sandy clay has been confirmed by various experiments on microorganisms.

In 1993 researchers in Germany started a series of experiments with the rhyzomania
resistant transgenic sugar beet plants [46], which contained a gene marker for kanamycin
resistance, studying the stability of transgenic DNA and horizontal gene flow of transgenic
DNA into the soil bacteria. Thus, horizontal gene flow represents a leading phenomenon that
has occupied a significant place in the evolution of species, and it still does. All this suggests
that natural horizontal gene flow presents a regulated process, limited by specific obstacles
and mechanisms of rejection and inactivation of foreign genetic material. Genetic
engineering created great variability of artificial construction for overcoming barriers between
all kinds of organisms and forestalling all genomes [13; 47; 48; 49].

5. STRESS TOLERANCE AND PLANT RESISTANCE TO HERBICIDES
(HRC)

Great efforts have been directed also toward the increase of crop tolerance toward
herbicides, and it has been tested worldwide [50]. Herbicide tolerance can be achieved
through the increase of protective mechanism, by reduction of herbicide uptake, by
degradation or reduction of susceptibility [51; 52; 53; 54]. Herbicide tolerance genes are
widely used as markers in transgene plants selection. If genes are of different tolerance to
herbicides, developed or incorporated into the identical plant species, they could stipulate the
creation of weeds with multiple resistance genes [55; 56; 57; 58; 59; 60; 6; 109

Numerous genes for tolerance to various environmental stress were inserted into plants.
Greenhouse experiments showed that metallothioneins inserted in tobacco increased cadmium
tolerance. The manipulation of genes that affects compatible solutions, such as betaine-
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aldehyde dehydrogenase, improves tolerance to salinity. The spread of crops tolerant to
drought and salinity could increase the range of wild relatives, making them more
competitive, with consequential negative effects on ecosystems and agroecosystems [5; 61;
23].

Hybridization of plants resistant to herbicides (HRC) with populations of wild relatives
makes these plants complicated for control, especially if they possess resistance to widely
used herbicides [62; 38; 63]. Transgene plant resistance to herbicides [50; 64] makes chemical
control easier, above all because it includes compounds that are active to a very wide
spectrum of weed species [65; 66; 67]

6. QUALITY CHARACTERISTICS OF GM PLANTS

Transgene diversity is directed towards the improvement of products derived from
cultivated plants [67]. The effects of these changes on the whole plants are reflected in their
metabolism and are of immediate interest to their commercial application. Some of these
plants, especially commercially produced antisense” tomatoes" in the United States have been
tested in field trials. The simplest change is probably the removal of the natural gene, for
example," antisense " tomato polygalacturonase gene.

Other modifications include metabolic pathways changes via the introduction of various
metabolic enzymes from other species, turning the natural path to a different end product.
This can result in manufacturing plant products in different plant species, animal or bacterial
products in plants or completely new products [47; 38]. There are no a priori concerns about
these types of GM plants, because the modifications are very different. Metabolism
modification in the classical selection sometimes produces unexpected and undesired
secondary effects. Unacceptably high levels of tannin were found in brown sorghum seed
cultivated for resistance to birds.

Therefore, random change of characteristics, such as the nutrient value of the main product
or an increase in toxic secondary metabolites, should be carefully considered. It is necessary
to collect as many biochemical and other data on transgenic plants, before they are widely
accepted, in order to avoid unintended consequences that may become a problem [68].
Adaptive effects of plants or hybrids with new characteristics, must be studied case by case
[69; 16].

7. NON-CULTIVATED POPULATIONS OF TRANSGENIC PLANTS

The possibility of transgenic plant introduction will be highly dependent upon their
adaptive capability to the new environment. For many crops it is known that they form
temporary non-cultivated populations, and these are species such as canola, lucerne, radish,
carrot, rye, clover, sugar beet, chicory, beet, cabbage, of which some are native, whereas the
others have probably been introduced for cultivation [70]. In some cultivated crops, i.e. rye,
the difference between non-cultivated and natural population is unclear, whereas in case of
some other species the colonization is not extensive and there probably has been no harmful
influence on non-cultivated plant species [71]. Possibilities of gene flow from the trial field
with GM plants through pollen will depend upon sexual compatibility between GM crops and
their wild relatives, and possibilities for pollination and obtaining of seed [72; 73].
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The occurrence frequency of such gene transfer will be influenced by important spatial
isolation between GM crops and suitable recipients that depend upon the method of
pollination, wind or insects, isolation in time, i.e. flowering season.

The experiments have been carried out in order to determine rates of cross-pollination
between GM and non-GM potato planted at different spatial distances one from another [74].
The results were well harmonized, both showing that transgene movement outside GM trial
field has been negligible at distances less than 10 m, and low rates of cross pollination that is
usually present in potato have also been in accordance.

In contrast, in canola seed the compatible inbreeding is present, it can produce huge seed
quantities, it is pollinated by wind and insects. Pollination at huge distance happen probably
due to the insects; air born pollen can be found 30-50 m away from canola plants, but it is
reduced with increasing distance [75; 76] have estimated the importance of pollination
performed by honeybees in pollen dispersal from transgenic oilseed rape and concluded that
although bees can travel up to 1-2 km from their hive, the food is carried from the vicinity of
the hive.

Experimental trials on fields that use GM or non-GM plants can provide useful data in
regard to necessary isolation distances used to avoid the release of transgene. However, trials
on natural populations suggest that the situation could be more complex, and sub-
classifications of local populations can strongly influence the transgene incorporation into
wild populations [1].

Interpretation of the results has also been complex, and [77] emphasizes the prevailing
importance of the calculation of dose changes in relation to distance from the GM
experimental field, over the absolute percentage of GM seeds at a given distance from the
plot. However, gene flow can depend not only on crops, but also on the variety, location and
season [26]. Experiments on gene flow in populations of wild radish suggest that the size of
donor and recipient population play a significant role in gene flow [78]. In that way would
huge pollen sources, such as the great spectrum of GM gene introduction have a significant
influence on the small wild population of compatible plants. They also note that there are
noticeable variations in evaluations of gene flow, probably due to local-positional and
pollinator effects. The other researchers have found similar effects in Cucurbita [79] and rice
[80]. Further work on gene spreading in populations can be necessary during the assessment
of the potential transgene dispersal. Such assessments become particularly important in
analyzing the possibilities of transgene transfer from cultivated crops to related species [76;
81].

8. GENE TRANSFER FROM CROPS TO WEEDS

The global group for wheat has identified three crops that have sexually compatible weed
relatives for which it is probable that will be subject to gene transfer in agricultural systems
[82].

Breeding via pollination and production of fertile hybrids varies from case to case. Even
when chosen characteristics have positive advantage, introgression of new characteristics into
existing weed population is still possible [53]. Risk of environmental damage that depends
upon weed habitat. In weed-crops complexes [83; 49] analyzed in these studies, where the
habitats of weed relatives are restricted to agricultural systems, it is not possible that new trait
endangers natural ecosystems [84; 6].
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9. ROLE OF AGRICULTURAL WEED ECOLOGY IN ACCIDENTAL
HYBRIDIZATION

Weed ecology and evolutionary biology are of high importance in assessment of the
perspective of accidental flow of resistant transgene to harmful organisms in the population of
agricultural weeds [52; 25].

Model for accidental transgene flow has three phases that lead to creating widely
distributed transgene carrying weed populations [85]. The first phase presents hybridization
between weed and transgenic crops. The second phase is the occurrence of introgression and
adaptation processes with evolutionary mechanisms that improve inadaptable traits in hybrid
products of earlier generations. As a consequence, weeds transfer resistance transgene to
harmful organisms [86] and due to that have a high adaptation level for certain agro
ecosystems. Finally, the process of dispersion and dissemination of these new weeds in
nature, together with local adaptation of various conditions is important during the transition
of sufficiently wide areas.

Weed ecology and evolutionary biology are important for understanding the interaction
between the three previously described phases. The real scientific data on weed ecology are
still lacking. During the few last decades, scientists focus on herbicide weed control. Amongst
these prevailing studies, ecological research and especially theoretical description have been
neglected [62; 53; 16]. Hybridization between transgenic or conventional plant species and
sexually compatible relatives occurs in many crops and produces new forms of weeds in
obtained populations. In numerous papers this hybridization has detailed description and it
can be expected that transgenes will transfer even over great spatial and significant obstacles
of genetic incompatibilities [27]. In some systems accidental transfer of transgenes by
hybridizations seems unavoidable. However, in other cases it is not clear if hybridization is a
proportionally limiting phase in the transfer of transgenes. It is the assumption that
hybridization can even be proportionally limiting in some circumstances, i.e. when
hybridization occurs over significant obstacles of incompatibility. Aspects of weed ecology
that can influence hybridization levels in these situations include weed cropping systems and
effects of spatial and timely distribution of weeds in several phases.

The selection system between weeds in field agro-ecosystems of crops is a mixed system
of fertilization in which occur inbreeding and cross fertilization (outbreeding), although the
other reproductive systems have also been known. Therefore, the widely distributed systems
of weed selection enable hybridization, but such fertilizations must happen during a
significant level of inbreeding.

For selection systems and other aspects of genetic systems and reproductive ecology, that
influence to the hybridization levels it is known to vary within and between weed populations.
For instance, Datura stramonium populations in Northern Carolina have flowers that open to
pollinators and exhibit approximately 10% outbreeding level. Quite the contrary, certain
populations are exclusively self-pollinating, with flowers that do not open to the pollinators.
In some cases this variation refers to the adaptation of the selection system after great
expansion [84], however the attitude of the pollinators can vary in many ways, even
geographically. These aspects of reproduction therefore should not be considered as
permanent characteristics in the frame of weed species [46; 87].

Spatial weed distribution can strongly influence the hybridization of weed-plant species.
First, many weeds have uneven distribution in fields, and in some papers it is described that
uneven distribution in some species has a certain level of temporary stability [88]. Uneven
distribution can be caused by edaphic factors or by persistent effects of high seed production.

245



ISNRM 2021
11" INTERNATIONAL SYMPOSIUM ON NATURAL RESOURCES MANAGEMENT

In the frame of a field, uneven weed distribution can reduce hybridization weed-crop.
Occurrence of weeds in plant population of adequate density, with a small proportion of
single weeds at the ends of these plant populations limits populations proportionally to
hybridization. More homogeneous and uneven distribution can significantly favor
considerably higher levels of cross fertilization. In locally isolated individuals can be present
higher quantities of crop pollen due to changes in the movement of pollinators as a function of
local density. Weed density can have a contra-effect to the hybridization levels, when a plant
serves as the female parent. In this case, high densities can favor hybridization with the
advantage of achievement of great local weed pollen densities, and homogenous weed density
can reduce plant hybridization. Weed distribution in a wide area around field crops agro-
systems also has potential importance in determining the level of weed-crop hybridization. If
conditions allow stabilization of weeds in areas that are not under crops in the region, then
many small, isolated populations can exist [89].

Weed-crop hybridization can occur at higher levels in these populations than in
populations in the field due to a number of reasons. For example, because of the differences in
reproduction in many weed species, the flowering can occur over a long period of time during
the growing season of a given species. Seed from the commercial crop fields, pollinated by
wind or insects, scatter for more than 1 km outside the field. Therefore the crop pollen can be
expected to reach the weed populations outside the agricultural fields within this distance.
When considering the population of weeds in a particular environment, the proportion of
intense flowering and the presence of pollen of cultivated plants, can significantly extend the
range of opportunities for hybridization in many weed-crop systems.

Many weeds are highly variable. During certain years weather factors can lead to failure in
controlling weeds in the wider region, resulting in high density of weeds in some areas. Weed
density varies on a regional basis because of the interaction between the biology of weeds and
regionally dependent different ways of weeds distribution and other factors of the breeding
system. Both forms of variation can result in a significant increase in the absolute number of
hybridization cases.

The level of hybridization is affected by the density of weeds, dependent variations in the
behavior of pollinators or spatial distribution. For example, increased local presence of the
species may enable them to settle border habitats in agricultural areas, which are densely
populated, probably increasing the likelihood of hybridization. Therefore, levels of
hybridization can vary significantly over the years and a number of weed species [81; 91; 92].

10. TRANSGENE INTROGRESSION AND WEED ADAPTATION

The evolutionary process that follows hybridization will certainly be influenced by many
ecological weed properties in agro systems of cultivated plants [50]. The nature of these
systems seems prevalent only for strongly expressed factors of weed population regulation
[110], compared with the majority of annual plant populations, which are short-lived and
inhabit other types of ecosystems [93].

This can facilitate transgene introgression even if the hybrids and starting backcrossed
generation have a low level of adaptive features in comparison to weeds that do not carry
transgenes [61; 65].

Weed populations are frequently small and sometimes temporary, so the effects of
selection, migration and random genetic changes will influence the evolution of introgression.
Seed ecology is of primary importance for weed survival therefore the effects of transgenes
on other genes in plant species and seed ecology will probably induce strong selective effects
in these genes. The introgression of genes that improve adaptations of weeds to these
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predominant selective factors can significantly increase the average adaptability of weed
population [94]. Exchanges between adaptations to different limiting factors that result from
introgression of a single gene can also be minimal. The best example is the evolution of
herbicide resistance in weeds [50; 64; 89].

The occurrence of herbicide resistance often significantly increases the average survival
and population growth of weed. Herbicide resistant mutation can have high absolute
adaptability, despite basic functional damages that are caused by pleiotropic effects of
resistance mutations. This shows how selection can favor a mutant that exceeds limiting
factors. The other line of evidence rises from multiple examples of increased distribution and
density of weeds from field trials over hybridization [88]. Finally, many cases of the basic
increase in distribution and density of certain weeds follow moderate changes in cropping
systems, providing an additional proof that many weed communities are regulated with
several strong factors [81].

If correct, this assumption suggests that the adaptation of weeds can rely upon randomly
transferred transgenes after hybridization and is made easier by the biological uniformity of
the actual field crop ecosystems. Weeds can demand relatively narrow evolutionary
movement, as it is a break of linkages toward undesirable characteristics of plant species in
accordance with adaptation to a wide area [95; 96]. One criterion for assessment of transgene
spread into weed population is that the survival rate of the hybrid weed-crop that carries
transgene should be higher than the adaptability of non-hybrid weeds. This criterion can be
much easier met in temporary ecosystems of field crops than in the majority of others.
Therefore, the transfer of transgenes can be a fast process. Even hybrids with very low
adaptability and early back-crossings can survive in agrosystems in adequate densities. There
is a possibility for introgression and adaptation that make their survival easier. These
assumptions can be applied to accidental transgene transfer that influences tolerance to abiotic
factors. However, weed populations in wider areas can be restricted by one biotic factor
adaptation to which it would provide basic survival increase [97; 43].

The other characteristics of weed ecology that probably influences the adaptation of the
crop-weed hybrid is the frequency of occurrence of low efficient population size and high
levels of self-fertilization, especially during the colonization process [55; 56]. Small
population sizes cause random changes in genetic composition. These mechanisms can act at
genetic base produced by hybridization, producing a number of genetically differentiated
small populations from genetically different back-crossed weed populations.

This implies that adaptation in weed populations that contain random transgenes probably
will be influenced by selection and random genetic change. Presence of both factors enables
occurrence of evolutionary processes that do not occur when selection is dominant
evolutionary mechanism. Specifically, adaptive effects of transgene combinations, other crop
genes and weed genes can be more adaptable in expression with mutual action of random
genetic exchanges in regard to the selection that acts alone [16]. These mechanisms can be
especially expressed when weed populations have high levels of weakening and repeated
colonization, forming ecological and genetic metapopulations. Although, it is still not clear if
weeds in agriculture have metapopulative structure, occurrence of such structures, in
combination with small sized population and altering selection pressures create convenient
conditions for equilibrium processes. However, the effect of these processes can itself be
unpredictable due to geographic variations in population structure in some weed species due
to the cropping system, local adaptation after colonization, time span from colonization and
hybridization with related taxonomic categories [1; 26].
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The final dimension of weed ecology in relation to adaptation after hybridization is the
ecology of seeds. The ability to maintain seed stability in the soil, together with effective
spreading and the ability of fast and efficient reproduction are the most important features in
the spread of weeds in crop field agro-ecosystems [98]. The weed population’s dynamics have
shown that seed demography (i.e. survival and germination levels) greatly affects growth
levels of weed populations. The longevity of weed seeds varies considerably between species.
Many agricultural activities affect the demographics of seed amounts in the soil, preventing
germination or otherwise increasing the seed extinction levels. These factors include stubble
crops, tillage and residue burning, that can affect the seed directly or indirectly, via effects on
the animals that feed on seeds and pathogens. Germination and dormancy of weed seeds is
important for the survival in any given developmental system [25].

If the transgenes affect the weed ecology, the caused effects are likely to act as factors
dominant for the survival [34] hence leading to weed infestation. Similarly, the unadjusted
effects on the ecology of seed may be the primary mechanism by which non-transgenic crops
reduce the adaptation after hybridization. There are several other aspects of the ecology of
weed seed, which affect the adaptation phase. The first is the well-known effect of dormancy,
where the genotypes of plant weeds that grow out of environmental conditions, can again be
separated for the storage during adverse conditions periods. Therefore, the seed populations
are affected by the genetic variability of weed populations. Also, seed population, as a form of
temporary expansion of genotypes allows weeds to be tested over a wider range of conditions
what would not be possible otherwise. This effect can significantly increase the possibility
that a weed carrying accidentally transposed transgene appears in an environment to which it
was adapted. Molecular and biochemical data on homology levels between species of crops
and their wild relatives worldwide indicate gene introgression from crops into populations of
wild relatives [99], in various plant species including maize, melon, carrot, sugar beet and
rice. The possibility of transgene introgression into wild populations, during time within some
species and in some geographic areas would be very high. Hybrids between crops and their
wild relatives most probably occur in crops with low adaptation grown in their region of
origin. Minimal divergence and maximum exposure from the other relatives should be
provided. Level of transgene introgression from crops into wild species is influenced by
factors such as overlapping of flowering period with wild species, and capability of hybrid to
back-cross with wild relatives within the population [76]. This suggests that gene transfer
possibility is especially significant in tropic areas, because many important crop species
evolutionary originate from these areas.

Isolation distance or incompatible flowering time, can be realized through the use of lines -
barriers with different species, guard-lines with the same species and application of genetic
engineering causing male sterility [95] that might contribute to genetic isolation. Evidence
suggests that isolation itself could reduce the degree of introgression due to pollinating insects
[34; 35], while the use of barriers or guard plants could be useful for limiting the spread of
GM pollen from experimental field. Other proposed methods of genetic isolation include the
selection for increased feeding in GM crops or reduced sexual compatibility with wild
relatives. The use of suicide genes was also considered, however, such measures involve
significant limitations in the application of GM plants.

11. SPATIAL SEED DISPERSION AND WEED COLONIZATION

Efficient spatial dispersion of seed is considered a primary feature of weeds [66] and it is
expected that weed ecology influences the fate of the accidentally transferred spread
transgenes in a number of ways. On the field scale, simulation modeling indicates that high
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levels of weed seed dispersal generally greatly increase the population of weeds [46; 90]. For
most weeds in field crops dispersion is determined by the interaction of characteristics of
weeds and human activities, such as contaminated seeds of cultivated plants, equipment,
water for irrigation and seed transmission. When human activities become the main vectors of
the spread of weed seed, those dispersions are difficult to characterize, because of the
geographical variations of the processing system. As a result, the maximum spreading
distances are not known in most cases.

On a wider scale, many cases of rapid expansion of the sub-continental weed species are
known. Weed species were found to become abundant over large areas west USA [81], due to
the changes in farming methods that improve their abundance, such as Aegilops cylindrica,
sexually compatible weed in wheat. Weeds resistant to herbicides spread over hundreds of
kilometers of road shoulders in less than a decade. These observations suggest that weed
populations of road shoulders of other non-field habitats may be important for the spatial
spread of weeds, recognizing the importance of weed ecology in agricultural areas and the
accidental spread of the transgenes [62; 25]. Herbicide resistant crops can be agronomically
harmful if the resistant species germinates before the sown plants germinate, or if the
herbicide resistant plant occurs as a weed on another field [100].

Weeds can have significantly higher adaptability over large spatial areas of the transferred
transgene. In theory, the resulting spatial homogeneity of a suitable habitat [27; 16] and the
absence of the need for local adaptation accelerate rapid expansion of the colonizing
organisms. Therefore, the ecology of weed spread and population regulation in agro-
ecosystems and agricultural areas seems to enable large and rapid expansion of the adapted
weeds.

The weed properties that affect their spreading (e.g. seed size, shape, similarity to crop
seeds, etc.) should be considered adaptive characteristics that are probably the result of a
strong selection. The effects of crop genes and ecological expansion can adversely affect the
adaptation of hybrids. The weed spread may have an evolutionary role. In a small basic
population it can cause an adaptive process, which does not occur in large populations. In the
increasing balancing process, the spread of weeds has an important role in evolution, moving
into small populations in other areas and affecting changes in other populations [101].

The weed ecology in cultivation systems can facilitate the random transgene transition,
allowing the survival of weed-crop hybrids that are not adjusted, compared to wild-type
weeds, in a series of adaptability components. This probably happens when the hybrids and
next generation back cross, carrying the appropriate transgene adaptive value. Ecology of
seed, the expansion of some basic characteristics responsible for the weed adaptability and the
level of population growth are not widely accepted parameters. Effects arising from
transgenic and other crop genes will greatly influence the adaptation of weed-crop hybrids
and back cross generations. Most of the main weed species show intensive spatial and
temporal variations in reproduction, ecology and seed spread on several scales. This variation
has both genetic and environmental causes [38; 43]. The populations of agricultural weeds are
widespread in agricultural regions, including many populations that appear out of farmland.
Specific ecology of these populations may affect all phases of the random transgene transfer
[58].
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12. THE INFLUENCE OF GM PLANTS ON BIODIVERSITY

One of the limitations for the introduction of GM plants into the environment is the
concern about adverse effects of those plants on biodiversity, including the possibility of its
devastation. Fear of loss of biodiversity [102] is an important basis for opposition to genetic
modification and GM plants by several influential environmental protection research groups
from around the world.

The influence of GM plants on biodiversity is a complex and complicated problem.
Scientific studies and discussions have been directed towards the understanding of whether
GM crops have an impact on biodiversity and defining their qualitative and quantitative
differences from commercial crops. Biodiversity and agriculture are strongly interrelated
since biodiversity is crucial for agriculture, while agriculture can contribute to sustainable use
of biodiversity. Biodiversity is very important for the survival and maintenance of global
planetary conditions, providing the aesthetic, scientific, cultural and other values. The general
value of the world's biodiversity is estimated to be about 33 trillion $ per year [103; 20].
Regarding multidimensional complexity of biodiversity concept and taking into account
significance of technological development of GM plants, further studies that will clarify this
interdependence are needed. In broader sense they will rely upon social, economic and
political context of genetic modification application that will determine the risks or potential
advantages of GM plants to biodiversity [104].

13.TRANSGENES

The genetic modification itself does not substantially change anything, but the adaptability
of GM plants will depend on the transgene effects and the impact of a particular stage in the
transgene development. For example, the length of the vitality of seeds and seedlings
stabilization can be especially important modification of oil crops seed. Both may be more
important for the stabilization of annual plants, in relation to the characteristics that affect the
survival of adult plants or fertility. The effects of transgenes within natural populations of
ecologically important plants, which may have greater effect on the species that carry the
transgene were also examined [80; 6]. If transgenes were giving selective advantage to a wild
type, it might become dominant, which would result in a reduction in the natural variation
[97].

Certain characteristics of transgenic genetic modification may present an advantage in
some environments, e.g., tolerance to salinity, drought, cold and pest resistance. A wide
variety of existing genes for transgenes transfer [105; 82] and the changes feasible by
molecular techniques, make this technology fundamentally different from traditional methods
of selection [106].

14. MONITORING

Complex ecosystems are needed even after commercialization. This complexity varies
from year to year and indicates indirect biotic effects. As laboratory and field experiments
cannot sufficiently repeat all interactions that occur in one ecosystem, the only way for
evaluation of the full level of ecological effects of GM plants is monitoring in natural
ecosystems. Some of these effects cannot be predicted in advance, so ecological monitoring
will be needed to reveal and differentiate existing ecological influences [62; 1; 107; 108].
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Environmental monitoring is very expensive, so the information obtained should be used
within the clear system of adaptive management. Such management includes repeated cycles
of firmly set rules within specially designed programs, the use, evaluation and estimation of
the monitoring as a whole [69; 43; 106].

A more significant problem in GM plants monitoring is the lack of adaptive management
systems specifically developed for this application. To control the evolution of resistance to
pathogens and pests, the frequency of resistance should be monitored in the field, with
additional research in order to set standards for monitoring and determining appropriate
management that can clarify the problem [24]. Monitoring of new GM plants will need to be
evaluated by a diverse group of scientists and scientific disciplines including agriculture,
forestry, ecology of wetlands, entomology, pathology, etc. In the future scientists and
technological advances will continue to expand opportunities for artificial design and
construction of plant organisms. Genomics and bioinformatics will facilitate identification of
commercially important genes that can potentially be transmitted between species.
Environmentalists will more significantly contribute to the wider debate on the public
contribution for the prevention of risks of those innovations.

15. CONCLUSION

Biotechnology alongside the introduction of genetically modified (GM) crops is constantly
providing new opportunities for increasing crop productivity and tackling problems in
agriculture, such as diseases, pests and weeds, abiotic stress and nutritional limitations of
stopple food crops. Crops possessing new traits enabling the use in pharmaceutical production
are also being generated. As GM crops are being introduced into various locations with
different ecosystems, agriculture, biodiversity and agriculture practice, a scientifically based
understanding of the environmental effects of GM crops cultivation would assist decision
markers worldwide in ensuring environmental safety and sustainability. The main important
environmental assessment of GM crops deals with their putative invasiveness, vertical and/or
horizontal gene flow, effects on biodiversity and the impact on other products. These
investigations are all highly interdisciplinary and complex. This paper deals with some of the
most important problems related to entering GM crops into the environment, such as plant
protection, ecological effects of HRCs, gene flow, biodiversity, stress, ecological risks of Bit
crops, effects on soil ecosystems etc. There is a clear need to further assess the severity,
magnitude and scope of risks associated with the massive field deployment of transgenic
crops. When assessing GMC inter-relation with the existing cultivars, an increased knowledge
base underpinning the development of GMC will provide greater confidence in plant science
while assessing the risks and benefits of releasing such crops.
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