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Executive summary
Scientific article on risk mapping in Transcarpathia- a concept (D1.10) presents the
assumptions and structures the article which is going to be published as a result of work done
during ImProDiReT project Work Package 1 (“Hazard and risk mapping”) period.
The document describes purpose of the article, highlights a research problem and
conceptualize scope of the article. Besides, the analysis of the exploitation and dissemination
routes are concluded. It is a solid foundation for preparation and submission of the publication
after work and activities done to assess and visualize risks in Transcarpathian region.
The draft article is attached as annex.
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Introduction
Improving Disaster Risk Reduction in Transcarpathian Region, Ukraine (ImProDiReT) is a 2-year
project funded (75%) by the Directorate‑General for European Civil Protection and Humanitarian
Aid Operations (DG ECHO). The project’s main objective is to generate new approaches and
methods for the joint development of Disaster Risk Reduction (DRR) strategies involving
multiple stakeholders[1].
The project focus on the following outcomes[2]
1.
2.
3.
4.
5.
6.
7.

Hazard and risk map for Transcarpathia;
Public awareness campaign on the risks;
Risk evaluation & decision-making method;
Disaster Risk Reduction (DRR) investment scheme and matrix;
Disaster Risk Reduction (DRR) action plan for Transcarpathia;
Project communication and visibility items;
Ensure project outcomes can be used in other places in and outside Ukraine
(replicability).

Deliverable 1.10 Scientific article on risk mapping in Transcarpathia- a concept (D1.10) is last,
but not least result of work package 1 (WP1).
The main objective of work package (WP1) was to make a Hazard and Risk map for
Transcarpathia. D1.10 sets forth the concept for summary of the results gathered during
hazard identification and risk mapping using scientific article.
D1.10 is structured into sections (Figure 1). First, the purpose of the scientific article is
described. Next, attention is focused on research problem. Further, scope of the scientific
article is described based on the findings from previous WP1 deliverables:
●
●
●
●
●

D1.2
D1.4
D1.6
D1.8
D1.9

List of hazards Transcarpathia;
Data collection on hazards Transcarpathia;
Data collection on consequences Transcarpathia;
Risk map Transcarpathia;
Report on methodology.

Additionally, D1.10 contains an analysis of possible routes of exploitation and dissemination
for the scientific article to be published based on presented concept.

Figure 1: Structure of the scientific article concept
Source: elaborated by MSFS
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1 Purpose of the article
Disaster Risk Reduction (DRR) is “ (…) aimed at preventing new and reducing existing disaster
risk and managing residual risk, all of which contribute to strengthening resilience and
therefore to the achievement of sustainable development” [16].
DRR policy and strategy drafting process is based on Sendai Framework for Disaster Risk
Reduction 2015-2030 focuses on prevention and reduction of the disaster risks.
Based on priorities of actions proposed in this framework, the ImProDiReT project general
objective is to strengthen and improve the disaster risk reduction of the Transcarpathian
region in Ukraine. Moreover, one of the specific objective is to make hazard and risk map of
the region of all disaster types.
Risk maps and risk assessment methodology proposed in WP1 may be used as preventive
measures to strengthen the resilience of infrastructures, society and/or environment
(Figure 2).

Figure 2: Exploitation scheme of risk assessment methodology and risk maps
Source: elaborated by MSFS
Taking into account above issues, the main purpose of the scientific article on risk mapping in
Transcarpathia is to summarize and describe the risk mapping in Transcarpathia with strong
relation to risk assessment methodology carried out under WP1 as one of the element of
strengthening the resilience of society, infrastructures, environment.

2 Research problem
Formulation of research problem is an initial element in scientific research (Figure 3). On this
stage:
●
●
●

the sources of research problem are identified,
problem is defined,
the hypothesis are proposed.

The research problem should be based on previous knowledge and opens the ground for future
prospects.
In this objective case the research problem and sought answers are determined on the grounds
of the activities and gaps identified during WP1 activities and takes form of the following
question: “How to developed risk maps for Transcarpathia based on risk assessment
methodology to support resilience strengthening”.
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Figure 3: Elements in formulation of the research problem
Source: elaborated by MSFS based on [3].
With strong relation to the formulated problem research hypothesis are stated:
1. Risk probability and its consequences assessment allows to assess the risk on different
levels.
2. Risk maps enable the visualization of the risk assessment results.
3. Assessed and visualized risks support the decision making process in raising resilience.

3 Scope of the article
Scientific article on risk mapping is addressing stated hypothesis and is founded on previous
project deliverables: D1.2, D1.4, D1.6, D1.8 and D1.9. Scope of the document relies on risk
assessment methodology review and description of proposed risk assessment for
Transcarpathia case. Data on probability of risks and the consequences are collected, with
usage of expert surveys and analyzed based on selected methodology. The risk visualization
and mapping methodology is proposed to visualize the risk assessment results. Additionally,
possible means to mapping are presented. Last, but not least the resilience and public
awareness problem is highlighted. The decision making process is described to find
a possibilities to use visualized risk assessment in resilience strengthening.

4 Analysis of the exploitation and dissemination routes
Scientific article is a specific type of the research outcome. Exploitation of research findings
may be presented and be published in scientific journal. This kind of project publication is one
of the possible way to disseminate the results and may bring an additional interest of scientist
and DRR specialists. Dissemination especially matters in knowledge and results transferring
and maximize the impact of research [4].
Before the submission of the article following issues need to be considered:
1. To whom the article is addressed.
2. What are the scientific journals interested and focused on DRR, risks and/or resilience
topics.
Regarding to first indicated issue the article is addressed to the DRR society and people
interested in this topic related matters, like risk assessment, risk mapping.
© Copyright 2020
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The second consideration is scientific journals focus on concerned topic. Moreover, the journal
outreach should be included, as local or international.
Submission process in each scientific journal relies on regulation which are stated by the
publisher. The common denominator in most of journals is the article structure based on
elements such as: introduction, methods, results and discussion (IMRAD method)[5]. That
method is used in scientific article on risk mapping in Transcarpathia as well.
Table 1 contains the list of scientific journals where the scientific article on risk mapping in
Transcarpathia might be submitted for publication.

Scientific journal name

Outreach

Comments

International Journal
of Disaster Risk
Reduction

International

“The International Journal of Disaster Risk Reduction
(IJDRR) is the journal for researchers, policymakers
and practitioners across diverse disciplines: earth
sciences and their implications; environmental
sciences; engineering; urban studies; geography;
and the social
sciences. IJDRR publishes
fundamental and applied research, critical reviews,
policy papers and case studies with a particular
focus on multi-disciplinary research that aims to
reduce the impact of natural, technological, social
and intentional disasters. IJDRR stimulates exchange
of ideas and knowledge transfer on disaster
research, mitigation, adaptation, prevention and risk
reduction at all geographical scales: local, national
and international.”[6]

International Journal
of Disaster Risk
Science

International

“International Journal of Disaster Risk Science (IJDRS)
is a fully sponsored, peer-reviewed open access
journal published under the brand SpringerOpen. It
addresses theoretical and methodological issues in
all areas of disaster risk science, policy, and practice.
Coverage includes case studies and research
comparing responses to major disasters worldwide.”
[7]

Journal Of Safety
Research

International

“The Journal of Safety Research is a multidisciplinary
publication that provides for the exchange of
scientific evidence in all areas of safety and health,
including traffic, workplace, home, and community.
While this research forum invites submissions using
rigorous methodologies in all related areas, it
focuses on basic and applied research in
unintentional injury and illness prevention. Affiliated
with the National Safety Council, it seeks to engage
the global scientific community including academic
researchers, engineers, government agencies, policy
makers, corporate decision makers, safety
professionals and practitioners, psychologists,
social scientists, and public health professionals.”
[8]
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Sustainability

International

“Sustainability is an international, cross-disciplinary,
scholarly, peer-reviewed and open access journal of
environmental, cultural, economic, and social
sustainability of human beings. Sustainability
provides an advanced forum for studies related to
sustainability and sustainable development, and is
published semi-monthly online by MDPI.” [9]

International Journal
of Disaster Resilience
in the Built
Environment

International

“International Journal of Disaster Resilience in the
Built Environment (IJDRBE) is the only journal to
promote research and scholarly activity that
examines the role of building and construction to
anticipate and respond to unexpected events that
damage or destroy the built environment.” [10]

East Journal of
Security Studies

International

“The scientific journal "East Journal of Security
Studies" was founded in 2017. The journal is
published twice a year. The topics are devoted to
issues of national and international security in the
following areas: social determinants of security,
security theories, external and internal security,
security technology, education for security,
cybersecurity, environmental security. In these areas
published original research results. The journal has
an open character; authors from domestic and
foreign organizations, including students, can be
published in it, provided that their texts meet the
criteria of a scientific article.” [25]

Safety & Fire
Technology

Local

„Safety & Fire Technology“ is a peer-reviewed
scientific journal. SFT publishes the following types
of articles: original scientific articles, preliminary
reports, review articles and case studies. Its aim
constitutes in supporting the knowledge transfer in
Poland and abroad, promoting research results and
innovative projects as well as providing education on
safety.” [11]

De Securitate et
Defensione

Local

“Scientific problems raised in the De Securitate et
Defensione are dedicated to general issues of
security and defense. Published texts concentrate
on description and explanation of multidimensional
phenomenon of security and defense.
The aim of the Journal is to undertake an
interdisciplinary debate and exchange scientific
views of the young and more experienced scientific
community. The work can be both empirical and
theoretical. We are not limited to a single
description, explanation and prediction perspective,
but we hope that the magazine will be a place of
holistic scientific discourse and exchange of views of
the scientific community related to security and
defence.” [12]
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Internal Security

Local

“The journal Internal Security is semiannual
periodical published by the Police Academy in
Szczytno. The School is a higher education
institution supervised by the Minister of Internal
Affairs, and by the Minister of Science and Higher
Education of the Republic of Poland. The Internal
Security journal is indexed among others in The
Central European Journal of Social Sciences and
Humanities (CEJSH), Criminal Justice Abstracts with
Full Text™ (EBSCO Publishing), The National Criminal
Justice Reference Service (NCJRS), The Polish Ministry
of Science and Higher Education list of scientific
journals, ProQuest Criminal Justice Periodicals Index
(CJPI), Ulrich's Periodicals Directory™ (ProQuest) and
Index Copernicus Journals Master List. The
publication is financed from the funds of the Polish
Ministry of Science and Higher Education.” [13]

Journal of Scientific
Papers “Social
development
& Security”

Local

“Focus and Scope: national security of the state and
its components; economic security of the state and
its components; military and economic security;
military security of the state and its components;
informational
security;
cybernetic
security;
technologies for state security; resource potential of
foreign states; resource potential of the state;
problems of internal audit and internal control for
ensuring state security; problems of legislative and
legal security of the state; philosophical aspects of
the development and functioning of the country's
security and defense forces.” [14]

Scientific Papers of the
Main School of Fire
Service

Local

“The Main School of Fire Service (the only Fire
University educating fire officers) has been
publishing the ‘Zeszyty Naukowe SGSP’ /Scientific
Papers of the Main School of Fire Service/ since
1983. (…)
It is a Polish academic journal presenting the results
of research works and scientific achievements of the
Main School of Fire Service staff. The issues concern
the problems of fire and civil safety as well as the
protection of natural environment. Our journal is
open for the scientists from other universities both
from Poland and abroad.
Each article to be published in the ‘Zeszyty Naukowe
SGSP’ is reviewed by two independent specialists
affiliated by the other institutions than the authors
of the articles.” [15]

Problems of
Emergency Situations

Local

“The publication was founded in 2005. Editorial
politics of the scientific journal is the coverage of the
results of unique studies of authors from different
countries of the world on a wide range of
fundamental, applied and non-pectoral aspects of

(Ukraine)
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modern science. The editorial board supports the
Open Access Initiative BOAI (Budapest Open Access
Initiative) aimed at the free and free dissemination
of scientific knowledge, which promotes the
accelerated development of science. Reviewing
materials that are relevant to the subject matter of
the publication is completely anonymous for the
author and reviewer, the procedure is carried out by
two independent reviewers (the process of double
"blind" review - Double-blind peer review policy).
The main task of the publication of scientific articles
in order to disseminate relevant and relevant
information in the following areas:
Civil security (fire safety, civil protection, labor
protection); Chemical technology and engineering;
Material science; Telecommunications and radio
engineering.”[26]
Technogenic and
Ecological Safety

Local

Environmental
Problems

Local

Bulletin of Lviv State
University of Life
Safety

Local

(Ukraine)

(Ukraine)

(Ukraine)

“The scientific and technical journal "Technogenic
and Ecological Safety" is a peer-reviewed open
access journal that publishes original research
articles and review articles covering all technogenic
and
environmental
issues,
forecasting
the
development of these problems and their
consequences for the environment, ways to solve
them in all areas of technogenic activity, and also
activities to reduce risks and ensure environmental
safety.
Articles are published under the Creative Commons
Attribution License (CC-BY).
Journal of Technogenic and Ecological Safety is sent
to individual receivers different countries of the
world and is delivered to the National Libraries and
Universities and also to other scientific institutions.
Journal of Technogenic and Ecological Safety was
founded in 2017 by National University of Civil
Defence of Ukraine.”[27]
“Scientific journal
«Environmental Problems»
founded in 2016. Language editions: English
Founder and Publisher: Lviv Polytechnic National
University, Lviv, Ukraine
The journal accepts articles in such areas as:
Ecology; Environmental protection ; Environmental
technologies;
Ecological
Safety;
Regional
environmental problems.”[28]
“Collection of scientific works "Visnyk of Lviv State
University of Life Safety" has been published at the
University since 2007. Planned periodicity 2 times a
year. Thematic focus: original and overview works in
the field of technical and pedagogical sciences - in
the fields of: informatics and automation,
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information technology, information security,
project and program management, life safety,
occupational safety, technogenic and environmental
safety, theory and methodology of vocational
education, pedagogy higher education, theory and
methodology of teaching, information and
communication technologies in education.”[29]
Table 1. List of scientific journals where the scientific article on risk mapping in
Transcarpathia might be submitted for publication
Source: elaborated by MSFS and IGS NASU based on
[6,7,8,9,10,11,12,13,14,15,25,26,27,28,29]
It should be noted that during publication process risks may occur on different stages. There
is a need to consider risk indicated in Table 2. The list of presented risks is open and there is
a probability that different, not indicated, risks occur.

No.

Risk

Description

1

Increasing period of publication process

The period of publication process may be
increased due to submission, review and the
editorial issue preparation. For this reason,
a topicality of article may be outdated
(selected risks or/and risk levels). Even when
the article is accepted to be published.

2

Low level of scientific English language
usage

Level of English language in scientific
journals require intermediate and higher
knowing of professional vocabularies.

3

The article is disqualified by Editorial
Board

After article submission the Editorial Board
decide about article qualification to send it
to the reviewers. Editorial Board decide
whether the article suits the journal profile
or not.

4

Receiving negative review after article
submission

Articles submitted for publication in
scientific journals and accepted by editorial
board are sent to the reviewers, who are the
experts in the field. There is a possibility
that reviewer decide to reject the
publication.

Table 2. List of risks that may occur during publication process
Source: elaborated by MSFS

5 Conclusions
Scientific article is one of the possible routes to exploit and disseminate the project results.
Risk mapping in Transcarpathia is one of the project results which is going to be used to
promote the ImProDiReT project findings among scientific society gathered around DRR topics.
© Copyright 2020
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Proposed concept for an article builds on risk assessment methodology and risk visualization.
The goal is to describe a decision support instrument to strengthen the resilience of
infrastructures, society and/or environment in the Transcarpathian region. In this document
the most important purposes and scope of relevant research were described.
The publication is a complex process, which contains stages like: document preparation,
submission, review, editing, sometimes- a translation. To analyze possible scientific journals
where the article might be published the list with short description was included. Therefore,
risks that may occur were indicated. Issues and elements what are described and brought up
in this document are highly recommended to be considered to succeed in publication process.
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Annex 1. Draft article
Joanna Koziol, Rafal Wrobel, Karolina Tyranska-Wizner
“Risk mapping based on risk assessment semi-qualitative method as a form of resilience
strengthening support in Transcarpathia”
Abstract
Natural and man-made hazards occurrence usually leads to the emergence of consequences
affecting the living environment. Risk assessment as a process helps to understand risk. Risk
assessment based on complex semi-qualitative approach to probability of hazard with
specified consequences occurrence leads to a designation of risk levels. In Transcarpathian
region the assessed risk levels distribution were visualized on a risk maps. Risk maps as a
form of risk communication may be used to support resilience strengthening in relation to
identified hazards and its impact on the society, infrastructure and environment. Based on
conducted research the risk assessment methodology and risk mapping methodology were
proposed. Moreover, the usage of proposed methods was referenced to the resilience
strengthening and its influence on the sustainable development of the Transcarpathian region.
Keywords
risk mapping, disaster risk reduction, sustainable development, risk, matrix
Introduction
Transcarpathia is an Ukrainian region located in South-West part of the country at the
crossroads of Slovakia, Hungary and Romania borders. Geographical location determines its
multiethnic structure and Central European character with economic potential, especially
tourism and recreation development, based on natural assets (Tisza River basin, Outer Eastern
Carpathians) and location in international transportation networks [1, 2, 3]. The region is
divided into following districts: Berehove, Velykyi Bereznyi, Vinogradov, Volovets, Irshawa,
Mukachevo, Rachiv, Svaliava, Tiachiw, Uzhhorod, Khust, Mizhhirskii, Perechyn.
The attention to the Transcarpathia region was directed to strengthen and improve the disaster
risk reduction (DRR) by ImProDiReT project founded by the Directorate General for European
Civil Protection and Humanitarian Aid Operations (DG ECHO) [4]. Taking into consideration
disaster risk and its reduction the risk mapping based on specified risk assessments was
proposed and may be used as a preventive measures to strengthen the resilience of
infrastructures, society or environment, and further influence the sustainable development in
the region.
Based on UNISDR Global Assessment Report on Disaster Risk Reduction (2019) risk may be
defined as the probability of a harmful effect occurring, as well as, the mathematical
representation of the undesirable consequence of the occurred hazard [5]. The two element
combination of probability and severity of consequences determines the level of risk [6, 7, 8,
9].The risk can be estimated qualitatively (more general, descriptive) or quantitative (more
precise, based on indexes values). Risk assessment methodology used to assign the level of
risk in Transcarpathia, based on two dimensions, is classified as semi-qualitative. This
methodology includes a combination of numeric estimation and descriptive approach [10, 11].
The process of risk assessment consist of elements such as: risk identification, risk analysis,
risk evaluation and risk treatment[8].
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Further, the risk assessment result is visualized using the Geographic Information System
(GIS)8. GIS is a system designed to “(…)capturing, storing, checking, and displaying data related
to positions on Earth’s surface” [12] Since 1960s, when the definition of GIS was published
[13], use of GIS has increased and it became a common tool applicated in different sectors
[14].
Risk maps as a risk distribution visualization are valuable base for regional planning and
hazard mitigation measures conducted by local authorities. The maps are a tool to
communicate the level of risk with regional community representatives (decision-makers,
residents, public services, non-governmental organizations) [15]. Resilience of a
Transcarpathia region understood as an “ability to resist, absorb, accommodate, adapt to,
transform and recover from the effects of a hazard” [16] may be strengthen based on risk
levels in individual parts of the region.
In the 2030 Agenda for Sustainable Development (SD) in United Nations Resolution adopted
by the General Assembly on 25 September 2015 the 17 Sustainable Development Goals (SDGs)
was described. The Goals include the three dimensions of sustainable development (the
economic, social and environmental) [17].
Proposed risk mapping methodology used as a resilience strengthening support might be
linked to Goal 9 (“Build resilient infrastructures, promote inclusive and sustainable
industrialization and foster innovation”) and Goal 11 (“Make cities and human settlements
inclusive, safe, resilient and sustainable). Indirectly influencing: the development of resilient
infrastructures (Goal 9.1), the protection of the cultural and natural heritage (Goal 11.4), and
as a decision making support tool, helping to reduce the number of deaths/people affected
(Goal 11.5) [17].
Taking into account above issues, in the article the risk mapping methodology used in
ImProDiReT project for Transcarpathia is summarized and described. To answer a question
about the development of risk maps for Transcarpathia based on risk assessment methodology
to support resilience strengthening, the research hypothesis were stated as follows:
1. Risk probability and its consequences assessment allows to assess the risk on different
levels.
2. Risk maps enable the visualization of the risk assessment results.
3. Assessed and visualized risks support the decision making process in raising resilience.
Materials & Methods
Proposed methodology is based on three steps: (1) risk assessment (RAM), (2) risk mapping
(RM), and (3) risk communication (RC)- use of risk map as form of a resilience strengthening
support (Figure 1).

Risk assessment

Risk maps

•Risk identification
•Risk analysis
•Risk evaluation
•Risk treatment

•Transcarpathian
region map layer
•Risk levels

Risk
communication
•Strenghtening the
resilience of society,
infrastructures,
environment

Figure 1. Proposed methodology scheme
Source: own elaboration.
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Risk identification
Risk identification is a basis for further risk analysis and allows to define assessment context
boundary [18, 19]. Risk is closely correlated with the hazard. Obtaining the answer to the
question of how much a given phenomenon, event or situation hazards defined protected
values (e.g. life, health, property, environment) is possible due to assessing the value of risk.
Hazards identification begins the risk assessment process.
Hazards can be identified in many ways, e.g. by heuristic methods (brainstorming), interviews
with people living in the study area, expert judgment, analysis of statistical data on past
hazards in a specific area.
Method for identifying and selecting hazards related to Transcarpathian region was based on
hazard identification procedure (HIP). HIP include following steps: (1) designation of an expert
group, (2) assigning hazards to specific areas (groups) by source of origin, (3), hazards ranking
by each expert individually. Based list of hazards included 17 hazards divided into two groups
(man-made hazards, natural hazards). Each expert assessed hazards by assigning the
hierarchy of hazards starting from 1- as the less relevant up to 17 - as the most relevant. All
points assigned by experts to each hazard were summed up. Based on the scores hierarchy
list of hazards for further analysis was selected (chemical hazards, heavy snowfalls, heavy
rains, black ice, drought, mudflow, landslide, flood).
Risk analysis
Risk analysis is a technique to evaluate the level of hazardous occurrences and helps to
understand the risks [20, 21]. Risk analysis can be carried out in various aspects and using
different techniques, but its idea is based on determining the likelihood of hazard occurrence
and the strength of its impact on the local society (effects / consequences) [22].For the
purposes of the analyses for defined hazards, it was assumed that the risk analysis will concern
its two main attributes: (1) ) the likelihood of hazard occurrence and (2) it consequences. Data
on probability and consequences was gathered in survey addressed to experts representing
State Emergency Service in Transcarpathian region. Semi-quantitative method was used to
assigned probability and consequences values.
Probability (P) values (classes from 1 to 5), which described frequency of previously selected
hazards (Table 1), were estimated by experts from Transcarpathian districts [23].

PROBABILITY
CLASS
CLASS (P)
DESCRIPTION
1
Very rare events (> 100 years)
2

Low probability of occurrence (from 50 to 100 years)

3

Probable events (from 10 to 50 years)

4

Very probable events (from 1 to 10 years)

5

Events almost certain (often than once a year)

Table 1. Classes of probability
Source: Own elaboration.

The possible consequences (C) was carried out in the following categories: (1) number of death
people, (2) number of injured people, (3) number of evacuated people, (4) material losses
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(finance), (5) losses in the environment, (6) disruption of functionality, (7) number of people
affected by the disruption, (8) duration of (local) critical infrastructure damage [23].
Consequences were estimated in categories related to life and health, infrastructure and
environment. Specified classes of consequences were described and to each class points were
assigned, based on description in Table 2.
CLASS
E

POINTS
(CN)
16

NAME OF
CLASS
Disastrous

D

8

Big

C

4

Average

B

2

Small

A

1

Neglected

DESCRIPTION
A large number of deaths. A large number of
seriously injured. A large number of patients
hospitalized. General and long-term displacement of
the population. Extensive destruction. Impossibility
of functioning of the community without significant
external help. Great consequences on the
environment and / or permanent damage. External
financial assistance of considerable size is needed.
Deaths and / or serious injury to persons, some of
macros require hospitalization. Evacuation of people
to designated places with the possibility of returning
after 24 hours. Helping people in the evacuated
place. Identification destruction that requires routine
repair. The functioning of the community with little
inconvenience more than a day. Larger consequences
in the environment, but short-term or low
consequences with a long-lasting consequence.
Significant losses financial without external
assistance. There is a need for specific resources to
help people and to remove damage. A partially nonfunctioning community, some services are not
available.
A small number of wounded, no deaths. First aid is
required. Some human movements occur (less than
24 hours). Some people need help. There is some
destruction. Difficulties occur (not longer than 24
hours) in the functioning processes. Low
environmental consequences with a short-term
consequence. Small financial losses.
No deaths or injuries. A small number of people
displaced for a short period. Nobody or a small
number of people needing help (does not apply to
financial or material help). Small, practically
meaningless destruction. No influence or very little
consequence on the functioning of the local
community. A virtually unmeasurable consequence in
the natural environment. Small financial losses.
Discomfort. No human movements. No damage.
Unimpeded functioning of people or only to a small
extent. Uninterrupted processes. No consequences
on the environment.

Table 2. Classes of consequences
Source: own elaboration based on Risk assessment methodology for the needs of the crisis management system of
the Republic of Poland, Editor: W. Skomra, p. 189-190, Warsaw 2015 [23].
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After expert estimation all categories was aggregated and the cumulative value of
consequences for each hazard was calculated. To each consequence category was added
weight criterion (n) (Table 3).

NO.

CATEGORY OF CONSEQUENCES

1
2
3
4
5
6
7

Number of death
Number of injured people
Number of evacuated people
Material losses
Losses in the environment
Disruption of functionality
Number of people affected by the
disruption
Duration of (local) critical infrastructure
damage
Sum

8

WEIGHT
CRITERION (aN)
a1 = 0,2
a2 = 0,2
a3 = 0,1
a4 = 0,1
a5 = 0,2
a6 = 0,05
n7 =

PERCENTAGE

a8 = 0,1

10 %

asum = 1

100 %

Table 3. Categories of consequences

20 %
20 %
10 %
10 %
20 %
5%
5%

Source: own elaboration based on Risk assessment methodology for the needs of the crisis management system of
the Republic of Poland, Editor: W. Skomra, p. 189-190, Warsaw 2015 [23].

The cumulative value of the consequences (C) was calculated based on points assigned to
consequences classes and each category weight criterion as follows:

C = ∑ a n × Cn
n=8

The obtained cumulative consequences value should contain in the classification of
consequences defined by the ranges of achievable values (round up to the nearest above class
of consequences according range of worth presented in Table 4.
QUANTITATIVE RANGE
< 1,00
1,01 – 2,00
2,01 – 4,00
4,01 – 8,00
> 8,00

CLASS OF CUMULATIVE
CONSEQUENCES
A
B
C
D
E

VALUE OF CUMULATIVE
CONSEQUENCES (C)
1
2
4
8
16

Table 4. Classes of consequences along with the quantitative range
Source: own elaboration based on Risk assessment methodology for the needs of the crisis management system of
the Republic of Poland, Editor: W. Skomra, p. 189-190, Warsaw 2015 [23].

As a result of risk analysis (probability and consequences values estimation) value of risk for
each selected hazard was calculated as follows:
R = f(P, C)
Risk evaluation
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Risk evaluation was carried out using the results of the risk analysis and its acceptance criteria.
The evaluation relays on comparison of the estimated results related to risk with the agreed
criteria of risk acceptability. The outcome of risk evaluation is determined level of risk
expressed in risk matrix (Figure 2).
Consequences
Probability

A (1)

B (2)

C (4)

D (8)

E (16)

5

5

10

20

40

80

4

4

8

16

32

64

3

3

6

12

24

48

2

2

4

8

16

32

1
Legend
risk neglected

1

2

4

8

16

low risk
medium risk
big risk
catastrophic risk
Figure 2. Risk matrix
Source: Wróbel R., et al., ImProDiReT Deliverable D.1.6. Survey data on hazard consequences in Transcarpathia,
p. 15, May 2019, typescript [26]

The risk acceptance levels presented in the risk matrix tool (Figure 2) were based on the
adapted criteria (Table 5).
RISK
ACCEPTANCE
CRITERIA
UNACCEPTABLE
RISK

RISK LEVELS

RISK LEVEL CRITERIA

Catastrophic
risk

UNACCEPTABLE
RISK

Big risk

ACCEPTABLE
RISK

Medium risk

- the probability of materializing a hazard is defined
as one of five classes 1-5, and at the same time it has
disastrous consequences,
- the probability of materializing the hazard is defined
as class 4 or 5, and it has big
(significant)consequences,
- the probability of materializing a hazard is defined
as one of four classes 1-3, and at the same time it has
big consequences,
- the probability of hazard materializing is
determined to be at least very probable, and at the
same time it has consequences in average class.
- the probability of hazard materializing is defined as
one of three classes 1-3, and at the same time it
produces average class of consequences,
- the probability of hazard materializing is at least
very probable, and at the same time it has small
consequences,

© Copyright 2020

22 | Page

D1.10 Scientific article on risk mapping in Transcarpathia- a concept

ACCEPTABLE
RISK

Small risk

ACCEPTABLE
RISK

Negligible
risk

- the probability of hazard materializing is defined as
almost certain, and at the same time it produces
neglected consequences,
- the probability of materializing a hazard is defined in
one of three classes 1-3, and at the same time it has
small consequences,
- the probability of materializing the hazard is defined
in classes between 2-4, and at the same time it
produces neglected consequences,
- the probability of hazard materializing is defined as
very rare and at the same time it produces neglected
consequences.

Table 5. Risk acceptance criteria and risk level criteria
Source: own elaboration.

Risk treatment
Distribution of risk levels assigned to each hazards helps to define priorities in ensuring the
safety and resilience strengthening in considered areas.
In the first place, intervention is required in the areas where unacceptable risks was assessed.
In such a situation, the actions to reduce the risks to an acceptable level need to be taken.
There are three directions to reduce the risk level: (1) by reducing the probability value, (2) by
reducing value of consequences, or (3) by reducing both values - probability and
consequences.
The "upper” level of risk is never accepted and therefore in case of unacceptable risk,
extraordinary and immediate measures should be taken to increase safety. There is a need to
introduce additional or new solutions, which cause the minimalization of risk value to
acceptable level.
In cases where the value of the risk is at an acceptable level, it is considered that there are no
required additional extraordinary and immediate risk mitigation measures. Monitoring
activities complied with applicable procedures should be are carried out continuously.
Risk mapping
Risk Mapping Methodology (RM) for Transcarpathia region was based on following elements
to develop risk maps: (1) identification of necessary data, (2) choice of mapping form in relation
to hazard and consequences, (3) assembling GIS data (spatial layer), (4) assembling data on
risk levels, (5) digitalization of data on risk levels, (6) risk levels visualization. To develop risk
maps free and open source QGIS software was used.

1
2
3
4

RM ELEMENT
DESCRIPTION
Identification of necessary data On this stage necessary data was identified: risk of
selected
hazards
data,
Transcarpathian
region/districts polygons in GIS applicable layer.
Choice of mapping form in Based on information about selected hazards and risk
relation
to
hazard
and assessments methodology used risk mapping form
consequences
was selected.
Assembling GIS data (spatial Spatial layer representing Transcarpathian districts
layer)
polygons was assembled from open source map
(openstreetmap.org).
Assembling data on risk levels Risk levels was assessed during risk assessment
process.
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5
6

Digitalization of data on risk Risk levels were added as an attribute to already
levels
existed district polygons layers.
Visualization of risk levels
Based on risk levels the symbology of district polygons
was visualized (negligible risk - blue color, low riskgreen color, medium risk- rose color, high risk- orange
color, catastrophic risk- red color).

Table 6. Risk mapping methodology elements
Source: own elaboration.

Risk communication
Proposed risk communication concept is based on the risk assessments and visualization of
its results through a mapping. Awareness about hazards risk is a crucial element of social,
infrastructure or environment resilience strengthening. Risk and its distribution visualized
through a maps is a simple visual form to exchange information about risk levels between
regional/local government and other stakeholders representing different sectors (decisionmakers, public administration, media, non-governmental organizations, local society
representatives, etc.) [24, 25]. Based on risk mapping the communication channels regarding
specified risks may be developed and support measures taken to strengthen ability to resist,
absorb, accommodate, adapt to, transform and recover from consequences caused by hazards.
Results
Based on proposed RAM, hazard probability and consequences values assessed by experts in
a survey, and RMM risk level visualization was developed. As a result the regions of
Transcarpathia where the unacceptable risk value were identified.
The Transcarpathian regions where the unacceptable risk value most often occurred are:
1. Uzhhorod - the level of catastrophic risk were obtained for 3 hazards (Chemical hazards,
Heavy rains, Flood).
2. Berehove, Mukachevo, Tiachiw – the level of catastrophic risk were obtained for two hazards
(Heavy rains, Flood).
3. In Berehove and Tiachiw regions, the level of high risk, which is also an unacceptable one,
was obtained for the Heavy snowfalls. In the last region (Tiachiw) a high risk was also estimated
for the Landslide.
Hazards for which unacceptable risk values were obtained are:
1. Flood: Berehove, Vinogradov, Volovets, Irshawa, Mukachevo, Tiachiw, Uzhhorod, Khust,
Velykyi Bereznyi, Svaliava, Perechyn.
2. Heavy rains: Berehove, Mukachevo, Tiachiw, Uzhhorod, Velykyi Bereznyi, Vinogradov,
Volovets, Irshawa, Rachiv, Svaliava, Khust, Mizhhirskii, Perechyn.
Risk assessments results for each hazards are summarized in Table 7.
District
Berehove
Velykyi
Bereznyi
Vinogradov
Volovets
Irshawa

Chemical
hazards
2

Heavy
snowfalls
4

Heavy
rains
5

Black
ice
2

Drought

Mudflow

Landslide

Flood

3

2

2

5

2
2
2
2

4
3
4
4

4
4
4
4

3
2
3
2

3
3
3
3

3
3
3
3

3
3
4
3

4
5
5
5
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Mukachevo
Rachiv
Svaliava
Tiachiw
Uzhhorod
Khust
Mizhhirskii
Perechyn

2
2
5
2
5
2
2
2

3
4
4
4
3
3
4
4

5
4
4
5
5
4
4
4

2
4
2
3
2
2
4
3

3
3
3
3
3
3
3
3

2
3
3
3
2
2
3
3

2
4
4
4
2
2
4
4

5
3
4
5
5
5
3
4

Table 7. Risk assessment results for Transcarpathian districts.
Source: own elaboration.

Assessed level of risks were visualized on risk maps (Figure 3, Figure 4, Figure 5, Figure 6,
Figure 7, Figure 8, Figure 9, Figure10) and the risk level symbology described in 6th RM element
was adjusted.

Figure 3. Map showing the risk of chemical hazards in the Transcarpathian region
Source: own elaboration.

Figure 4. Map showing the risk of heavy snowfall in the Transcarpathian region
Source: own elaboration.
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Figure 5. Map showing the risk of heavy rainfall in the Transcarpathian region
Source: own elaboration.

Figure 6. Map showing the risk of black ice in the Transcarpathian region
Source: own elaboration.

Figure 7. Map showing the risk of drought in the Transcarpathian region
Source: own elaboration.
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Figure 8. Map showing the risk of mudflow in the Transcarpathian region
Source: own elaboration

Figure 9. Map showing the risk of landslides in the Transcarpathian region
Source: own elaboration.

Figure 10. Map showing the risk of flood in the Transcarpathian region
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Source: own elaboration.

Discussion
Risk maps, as a spatial representation of risk assigned to hazardous events, are simple form
to support decision-making process. Based on specified method of risk assessment, maps
represent the final results of complex risk analysis composed of hazard probability and
consequences semi-qualitative assessment. Thanks to established engagement of
Transcarpathian State Fire Service representatives survey on hazard and its consequences was
conducted.
Risk communication through a risk maps is a concisely channel to support justification of
regulations enacted to strengthen the resilience of the region. Actions undertaken to
strengthen the resilience may be directed to: decrease probability of hazard occurrence,
decrease consequences of hazards, and both.
Risk matrix formed by probability and consequences combination delivers additional
information about the direction to which risk element should be considered.
It is important to highlight the importance of spatial distribution of risk levels. Some of the
risk treatment may be implemented just only in districts, where risk level was assessed as
unacceptable. That opportunity may lead to consistent measures in a sustainable manner.
Transcarpathian region is an area where risk levels are diversified, what should be addressed
in regional development and safety strategies. Resilience of community, environment and
infrastructure should be strengthen starting from local level, but with strong cooperation with
regional and central administrative level. Based on risk maps some observations were made.
Risk mapping shows that risk of drought is common for all districts, what is an opportunity to
establish cooperation on regional level with all Transcarpathian local authorities and other
organizations interested in drought impact reduction. Risk of flood is assigned to boarder
district what may lead to cross-border cooperation to reduce it probability and consequences.
Transcarpathian region and its geographical location on the national border with Slovakia,
Hungary and Romania should be used as an opportunity to establish and enhance cross-border
cooperation in direction to sustainable development.
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