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DEVELOPMENT EVOLUTION OF THE ENVIRONMENTAL RISK MANAGEMENT
THEORY: A META-ANALYSIS

Olena Korobets, Olena Chygryn, Maryna Saienko, and Liliia Liulova

Abstract. Due to the continuing trends of emergencies, the attention to solving the
environmental risk problems has not lost its relevance for research in various fields. Changes
in the development of the modern economy encourage the search for new methods of
influencing environmental risks. Therefore, the relevance of the research topic is caused by
looking for interrelated perspective directions of future research. In recent decades, the work
of many scientists has been devoted to the environmental risks study. The growth of
publishing activity has allowed accumulating a significant database, the consideration of which
with the help of bibliometric analysis methods can help to identify new areas of research. The
article provides a bibliometric analysis of the "environmental risk" concepts. The use of
bibliometric data analysis tools allows working with a large number of publications, which
makes it possible to identify research trends that are difficult to achieve without using special
tools. For the analysis, the frequency dynamics of searching "environmental risk" in the Google
search engine and the dynamics of publication activity on this concept in the scientometric
database Scopus, for the period of 2004-2019 were determined. On the basis of selected
publications with the help of VOSviewer software, visualization maps were constructed
according to the selected concepts and their main points of intersection were determined.
The results of the study revealed a decrease, but there exists stable attention to the problems
of taking into account environmental risk in the economic entities’ activity. The research
method of the "ecological risk" concept from the point of view of its essence and structure is
substantiated and described step by step.
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1. Introduction

In order to determine the most widely used term of environmental risk, the frequency of
search "environmental risk", "ecological risk", "ecorisk", "green risk" in the Google search
engine was analysed using the Google Trends tool. This application allows revealing the
frequency of popularity search of a particular term in relation to the total volume of searches
in different regions of the world. It should be noted that this tool has limitations in the data
collection period, and starts from 2004.

The period from January 2004 to June 2020 was chosen for the study. The search for
"ecological risk" and "ecorisk" contained a small amount of data for analysis, so they were not
taken into account. The analysis results of the search frequency dynamics of the terms
"environmental risk" and "green risk" are shown in Figure 1.
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Figure 1. The Search for frequency dynamics of "environmental risk" and "green risk" in the

search engines for the period of January 2005 - June 2020
Source: developed by the authors using the Google Trends tool.

The highest search activity in all terms is observed in the period from 2004 to 2006. Despite
the decline in search dynamics since 2006, the trend has remained stable over the past 15
years.

Geographically, the intensity of using the above terms is distributed as follows: the term
"environmental risk" is used when searching in Asian countries by 36.6%, Africa - 30.2%,
Europe - 12.8%, Oceania - 12.2%, North America - 7.9%, South America. The term "green risk"
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is used in European countries by 34.31%, North America - 22.42%, Oceania - 16.57%, Asia -
14.62%, and Africa - 12.09%.

At the same time, a number of searches were noted that accompany the selected terms for
analysis and are searched in parallel with them. Thus, for the term "environmental risk" the
most popular related searches comprise environmental risk assessment (100), risk assessment
(99), environmental assessment (98), environmental risk management (56), environmental
management (55), risk management (55), environmental factors (52), environmental health
(52), risk factors (52), environmental risk factors (52), which means this term is aimed at
identifying and managing risks. The term "green risk" is accompanied by risk management
(100), green tea (67), risk assessment (60), green book (25), green revolution (12), blue green
algae (10), green banking (9), green bay packers (9), blue green algae health risk (6), benefits
of green tea (6). In this case, the term is aimed more at reducing the risks of final consumption
of products produced using environmentally friendly technologies.

The analysis indicates the relevance of further study of the environmental risk management
evolution, and a more detailed bibliometric analysis.

2. The Literature Review

In order to study the main trends in the evolution of the environmental risk management
theory, a bibliometric analysis of research on this issue was carried out.

The results of the scientific literature systematization give us grounds to conclude that the
word "risk" comes from the Arabic word "risk", or the Latin "risiqum". The first means
something that is given by higher powers and with which you can benefit, the second is related
to the challenge that a reef may pose to a sailor. Initially the concept of risk was expressed in
two general meanings: as an action that will lead to a positive result, or as a possibility of
danger, failure, loss (Picou & Marshall, 2002; Pimoenenko et al., 2018a, Prothero & Fitchett,
2002; Taranyuk, 2014; Tepman, 2002; Vasilyeva et al., 2018). However, a review of the
literature on risk issues shows that there is no consensus among researchers on the definition
of environmental risk and no a clear understanding of the nature of risk. This is explained, in
particular, by the multifaceted nature of this phenomenon and ignoring it in real economic
practice and management.

Analysing the literature on risk, we can identify a number of definitions of the "environmental
risk". Risk has played a major role throughout the human history, as everyone who started a
new business was at risk (Burkov et al., 2008; Hyett, 2010; Kachinskij, 2001; Karayeva et al.,
2013, Kozmenko, 2008; Pimoenenko et al., 2018b). But the first risks described in history were,
firstly, voluntary and, secondly, individual.

According to U. Beck (Beck, 2000), the meaning of "risk" in modern conditions has changed.
In the new industrial environment, the nature and society are in danger that deprive risk of its
individual nature, and environmental risks become global. In addition, environmental risks are
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increasingly difficult to understand and comprehend, because the essence of their action is
hidden in chemical (toxins) or physical (electromagnetic fields) formulas.

There exist two states of risk:
1) risk as a possible future event that will lead to a certain result;
2) risk as a result that has already occurred.

The first definition is the cause of the risk, and the second is the result, as a consequence of
the cause action (in the case of environmental risk analysis it is always negative). Risk serves
as a link because it shows, on the one hand, an outcome that has not yet materialized and, on
the other hand, selects potential damage. By its very nature, risk is an abstraction, that is,
something that may or may not affect performance results.

Based on the above, risk is seen as a step-by-step process in which each stage allows an
effective response to a step forward. There are several successive stages of environmental
risk. It is often identified with the concept of danger, probability, and damage. Most authors
(Pimonenko, 2019; McDonald et al., 2019; Yevdokimov et al., 2018; Abaas et al., 2018) define
risk as a measure of these concepts. But it is necessary to take into account a significant
difference in these terms.

To summarize a threat, it is an object that, under the influence of a certain factor or set of
factors in a certain period of time, can cause damage. Threats underlie the cause of risk and
form the first stage in the process of risk development. Stages of origin and development of
an emergency situation are usually hidden and associated with accumulation of a destructive
potential. At the climax, there are many dangerous and harmful factors that combine into one
or more striking factors.

Having determined the list of threats and factors influencing them, we can proceed to the
stage of determining the probability of their occurrence (Gordon et al., 2011; Chygryn et al.,
2018; Belz & Peattie, 2009; Lyulyov et al., 2018; Panchenko et al., 2020). Any event, under a
certain set of conditions, corresponds to some degree of possibility. At the same time, it was
noticed that more possible events at repeated research on the average come more often, and
less possible ones come less often. A quantitative measure of the degree of an adverse event
possibility is the probability of the event. The development functioning of many economic
processes is characterized by situations that do not have a clear result or solution, so, the
contributing factor of probability is uncertainty. Uncertainty means absence, incompleteness,
inadequacy of information about an objects of threat, or a situation of risk in general, or
presence of a high level of uncertainty in the accuracy of existing information. In the market
economy, there are many sources of uncertainty for different economic entities
(Kilbourne, 1998; Korobets et al., 2018; Us et al., 2019; Pimonenko et al., 2017; Peattie &
Crane, 2005; Menon & Menon, 1997; Bogachov et al., 2020; Boiko et al., 2019; Czyzewski et
al., 2019; Chygryn et al. 2020; Dalevska et al., 2019; Dementyev & Kwilinski, 2020; Drozdz et
al., 2019; 2020; Dzwigol, 2019a; 2019b; 2020a; 2020b; 2020c; Dzwigol & Wolniak, 2018;
Dzwigol & Dzwigot-Barosz, 2018; 2020; Dzwigol et al., 2019a; 2019b; 2019¢; 2020a; Furmaniak
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et al., 2018; 2019a; 2019b; Kharazishvili et al., 2020; Kondratenko et al., 2020; Kuzior et al.,
2020; Kwilinski, 2017; 2018a; 2018b; 2018c; 2018d; 2019; Kwilinski et al., 2019a; 2019b;
2019c; 2019d; 2019e; 2019f; 2019g; 2020a; 2020b; 2020c; 2020d; Kwilinski & Kuzior, 2020;
Kyrylov et al., 2020; Lakhno et al., 2018; Miskiewicz, 2017a; 2017b; 2018; 2020; Miskiewicz &
Wolniak, 2020; Pajak et al., 2016; 2017; Prokopenko & Miskiewicz, 2020; Satuga et al., 2020;
Savchenko et al., 2019; Tkachenko et al., 2019a; 2019b; 2019c; 2019d; 2019e; Yelnikova &
Miskiewicz, 2020).

To determine the degree of the environmental risk, the level of damage is important. Damage
is realized through risk, acquiring specific shapes. We can say that this is a quantitative
criterion of failure, which is considered as the final stage of the risk development process
(Pimonenko et al., 2019; Rettie et al., 2012). The methodology for assessing the damage from
various risks in the most complete form should include information about both direct and
indirect damages. Direct damage in the case of environmental risk analysis is a direct impact
on the environment in a short period of time, the consequences of which are immediate (rapid
changes in air, soil, water, flora and fauna). Indirect damage arises as a result of implementing
a certain action over a long period of time, but the consequences appear after a certain period
(a gradual change in the indicators specified in the implementation of direct damage). As
practice shows, indirect damage is often many times larger than direct one.

3. Methods

In this paper, based on the search analysis of "environmental risk" in the Google search engine,
the relevance of the environmental risk management theory study is determined. In order to
identify related areas of research that require more detailed study, with the help of
bibliometric analysis, the main patterns of environmental risk research are formed. The
method of bibliometric analysis is performed using VOSviewer software. It allows analysing
the effectiveness of research and visualizing it. The Scopus scientometric database was
selected for bibliometric analysis, on the basis of which the selection of publications was
carried out using Scopus Tools (Korobets, 2020).

4. Results and Discussion

VOSviewer software was used to determine research patterns for economic risk. This program
allows visualizing groups of major scientific trends based on the analysis of the keywords’
occurrence frequency in the articles.

The study focused on publications indexed in the Scopus scientometric database. To identify
the level of the research relevance in the scientific field, articles were selected on the
keywords "environmental risk" and "green risk". According to the Scopus scientometric
database, the first documents mentioning environmental risk appeared in 1946 in medical
publications (Markman, B.J., Lewis, J.T.). A total of 138,602 publications were found. Since
1986, there has been a clear growth dynamic of publications in various fields of knowledge.
Currently, the largest share of publications is research in medicine (27.8%), ecology (24.5%),
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biochemistry, genetics and molecular biology (6.2%), engineering (5.6%), pharmacology,
toxicology and pharmaceuticals (5.3%). Economic directions of research are represented by
3282 publications (2.4%). The dynamics of publishing activity over the past 20 years proves
that the number of publications each year increases by an average of 8%. Thus, if 414 articles
were published in 1986, this figure amounted to 10,079 already in 2019. It was also noted that
since 2000, the growth rate of publications has increased sharply, averaging 9% per year.

When comparing the analysis results of the average value of search frequency of terms
"environmental risk" and "green risk" in the Google search engine with the dynamics of
publication activity for the period 2004-2019, a direct correlation of data was found (Table 1).
The correlation coefficient indicated the presence of a medium or strong relationship with the
value of 0.703 (limit value 0.7). This suggests that with the growth of publishing activity,
interest in the concept of environmental risk in search engines grows as well.

In order to generate articles for bibliometric analysis, a selection of publications in the
scientometric database Scopus was made. This selection was based on the established criteria:
the language - English; keywords - "environmental risk", "green risk"; the period - 2004-2019;
a document type — an article; areas of research - Business, Management and Accounting,
Economics, Econometrics and Finance, Decision Sciences. Based on the selection, 1,791
articles were generated, making the basis for further analysis.

Table 1. The Relation between the Average Value of Search Frequency of Terms
"Environmental Risk" and "Green Risk" in the Google Search Engine with the Dynamics of
Publication Activity for the Period of 2004-2019.

Search . Search .
. Dynamics of . Dynamics of
frequency in the . frequency in the -
Year publishing Year publishing
Google search . Google search ..
. activity . activity
engine engine
2004 4,826 48.33 2012 7,096 22.75
2005 4,788 37.21 2013 7,362 21.25
2006 5,151 33.29 2014 7,752 21.08
2007 5,359 27.15 2015 8,155 20.38
2008 5,707 24.63 2016 8,348 21.75
2009 5,778 24.75 2017 8,475 22.46
2010 6,116 24.04 2018 9,111 21.33
2011 6,862 22.54 2019 10,079 21.67

Correlation coefficient = 0.703

Source: compiled by the authors on the basis Google and Scopus.
The analysis allowed clustering the international research networks on the theory of

environmental risk management by a geographical area (Figure 2). The largest number of
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publications on this issue was published by scientists from the United States, China, Britain,
Canada and Germany. Patterns by geography were distributed as follows: pattern 1 - Great
Britain, the Netherlands, Sweden, pattern 2 — the USA, Germany, France, Spain, pattern 3 -
Hong Kong, South Africa, Thailand, pattern 4 - Canada, Australia, pattern 5 - Italy, Japan, South
Korea, pattern 6 - China, New Zealand.

Visualization of the research network allows identifying patterns of citation among scientists
in the field of research (Figure 3).
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Figure 2. The Results of the Patterns Selection by a Geographical Location of International
Research Networks Based on the Bibliometric Analysis of Scientific Papers on the Theory of

Environmental Risk Management for 2004-2019.
Source: developed by the authors using the VOSviewer based on the Scopus database.

In general, there can be identified 6 main patterns of researchers studying the theory of
environmental risk management by quoting each other and deepening the conceptual
principles of risk management developed by their predecessors: pattern 1 - W. Zhang, L. Wang,
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W.W. Piegorch; pattern 2 - Y. Liu, J. Liu, Q. Wang, V. Li; pattern 3 -J. Wang, Y. Yang, Z. Li; pattern
4-A.PJ.Mol, Y. Lu; pattern 5 - Y. Wang, J. Wu, X. Zang; pattern 6 - G.H. Huang.
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Figure 3. The Results of Identifying Scientists Whose Research Papers on Environmental Risk

Management are Most Cited in Publications, Indexed by the Scientometric Database Scopus.
Source: developed by the authors using the VOSviewer based on the Scopus database.

According to the results of the bibliographic analysis, 5 structural and functional patterns were
formed that unite the key concepts on thematic proximity. The constructed visualization map
(Figure 4) shows the frequency of the terms use (the size of the circle), the strength of the
links between them (the closer, the stronger) and different combinations of terms both within
clusters and among them.

The issues of environmental risk management are most often studied in close connection with
the theories of the economic analysis (pattern 1), management theories (pattern 2), theories
of nature management (pattern 3), theories of sustainable development (pattern 4), theories
of production (pattern 5).
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Figure 4. The Results of the Patterns Distribution by the Frequency of Key Phrases Use in
Scientific Papers for 2004-2019.

Source: developed by the author using the VOSviewer based on the Scopus database.

The size of circles on figure 3 shows the frequency of using a particular term along with the
concept of environmental risk. The largest is the red pattern (1). It includes assessment
methods used in the analysis of the economic entities’ impact on the environment. The green
pattern (2) is the second largest. Here the key terms are: management, responsibility, strategic
planning, efficiency, etc. They all relate to evaluating organizational activities and
management effectiveness. The blue pattern (3) includes concepts related to climate change,
agricultural land, water balance, assessment of sustainability and uncertainty, environmental
policy, and so on. The yellow pattern (4) shows the set of objects and subjects of the natural
environment that are affected: society, health, animals, land, air, water, forest, etc. It also
includes assessment methods used to analyse such effects. Therefore, it is called
"environment impact assessment". The purple pattern (5) is the second largest. In this cluster,
the most common terms that are the outcome of the enterprise: pollution, waste, recycling,
life cycle, and so on.

It has also been observed that the patterns of the economic analysis theory (1) and the
production theory (5) have been actively followed since 2008. It is these studies that have
given impetus to the development of other groups of patterns.
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5. Conclusions

Based on the study, the frequency of searches in search engines was determined using the
Google Trends application. The highest search activity for the selected variants of the term
was observed in the period 2004-2006. Despite the decrease in the search dynamics since
2007, the trend has remained stable in recent years.

The analysis of publications that study aspects of environmental risk revealed 138,602
scientific articles in publications indexed by the Scopus scientometric database. The selection
of publications according to the definite parameters (the language of a publication, keywords,
the period of a publication, areas of research) allowed generating 1,791 articles for more
detailed research.

The bibliometric analysis made it possible to identify 6 patterns of geographical location of
international research networks that have mostly influenced the evolution of the theory of
environmental risk management: pattern 1 — the UK, the Netherlands, Sweden, pattern 2 —
the USA, Germany, France, Spain, pattern 3 - Hong Kong, South Africa, Thailand, pattern 4 -
Canada, Australia, pattern 5 - Italy, Japan, South Korea, pattern 6 - China, New Zealand. Based
on the analysis of citations, there were selected the most authoritative researchers and 6
research teams who significantly influenced the development of the theory of environmental
risk management. The analysis results of the keywords frequency use identified 5 structural
and functional patterns. It is found that the most common issues of environmental risk
management are studied in close connection with the theories of economic analysis (pattern
1), management theories (pattern 2), theories of nature management (pattern 3), theories of
sustainable development (pattern 4), theories of production (pattern 5).
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