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Executive Summary
In furtherance of the SENDAI framework, the ImProDiReT project started in March 2018
with a lifetime of 24 months with the financial support of the European Union Civil
Protection Mechanism. The project aim is to improve risk governance within the
Transcarpathian Communities in Ukraine, with a case study of the Solotvyno village. In the
first project year, ImProDiReT has collected risk assessment geodata for the larger
Transcarpathia region and Solotvyno municipality in Ukraine.

Transcarpathian region is situated in the West of Ukraine. Geographically the region is
dominated by the northern part of the Carpathian mountain range, which stretches from
Poland and Slovakia in a horse shoe form into Romania, crossing Ukraine. The population
of Transcarpathia is multi-ethnic, with several large minority groups, for example
Romanians, Hungarians, Russians and Romas. Since the collapse of the Union of the
Soviet Socialistic Republics (USSR) the logical connections between Ukrainian institutes
and institutions with relevant data on hazards and risk of disasters and the local and
regional administration were disturbed. An open, transparent exchange of information has
become increasingly difficult at all levels, also in addressing cross cutting issues. The
UCPM Advisory mission to the Solotvyno noted this as a major obstacle to come to a good,
all-inclusive assessment. In respect to the Sendai framework problems can be seen in the
field of understanding risks, risk reduction governance and investing in risk reduction
management.

The goal of the work package 6 was to disseminate the project and it’s results to:
•
•
•

the general public in the Solotvyno area, the Transcarpathian region and Europe in
general,
the relevant authorities in the Participating states in the UCPM and the
neighbourhood countries of the European Union and
the relevant disaster risk reduction experts and scientist within.

Dissemination assured that the work done in the project is known and could be used as a
reference model for risk identification and mitigation in similar situations.

D6.6 provides an overview of the published, and unpublished project scientific articles. The
results of the project were documented in scientific publications in international scientific
peer reviewed journals. To share the gained insights with the scientific community two
articles have been completed, one has been successfully published while the other is in
the process of submission.
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Introduction

1.1.1. INTRODUCTION TO WP6, ITS GOALS, OBJECTIVES AND ORGANISATION

The goal of the work package 6 was to disseminate the project and it’s results to:
•
•
•

the general public in the Solotvyno area, the Transcarpathian region and Europe in
general,
the relevant authorities in the Participating states in the UCPM and the
neighbourhood countries of the European Union and
the relevant disaster risk reduction experts and scientist within.

Dissemination assured that the work done in the project is known and could be used as a
reference model for risk identification and mitigation in similar situations.
The dissemination of the project consisted of a mix of activities together assuring that the
dissemination to the targeted groups was achieved. The following is a list of the
dissemination actions that were conducted during the project period.
• In general, a logo, a project style and visibility gadgets were developed to assure
that the project as such is recognized.
• For reaching the public in the area interviews, contribution to newspapers, leaflets
and social media presence were used.
• For reaching the general public social media presence was used.
• For reaching relevant authorities social media presence, publication in the
iSOLOTVYNO Magazine, and a Final conference/dissemination meeting were
held.
• For reaching the risk reduction experts and scientist scientific publications and the
organisation of a final conference/dissemination meeting was used.
• For all target groups a short video was produced in which the results of the project
were explained.
• For informing the bordering countries Hungary, Slovakia, Romania and Poland a
list of relevant expert/authorities was established and they received the produced
articles, leaflets and deliverables etc. by mail.
• The Danube strategy was informed separately. As they have also special interest
in the hydrological aspects of the Solotvyno mine situation.
A working group on dissemination was established consisting of a communication advisor
for each participating organisation. The group was chaired by the communication advisor
of the TU Delft, Dr. Abby Muricho Onencan. The project developed a separate project
website, but all participating organisations dedicated a sub-page of their websites to the
project. The ImProDiReT project website was used to publish an overview of the project,
announcing project events, project news and uploading project outputs. The project
outreach of the dissemination was monitored on a monthly basis and the report was
communicated to the project team during the monthly project meetings. In each monthly
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project meeting, an overview of the dissemination results was given including analysis and
advises for the upcoming period.
The dissemination to the public in the area was closely aligned with WP 4 and WP5. WP6
assured a generic dissemination of the project as a whole. Communication on the specific
activities and invitation for the specific activities was done through the WP’s, in accordance
with the general dissemination framework.

1.1.2. SCIENTIFIC ARTICLES

D6.6 provides an overview of the published, and unpublished project scientific articles. The
results of the project were documented in scientific publications in international scientific
peer reviewed journals. To share the gained insights with the scientific community two
articles have been completed, one has been successfully published while the other is in
the process of submission.

There are also upcoming publications that will be submitted to scientific journals after the
project is concluded. These include:

•
•
•

•

•

•

D3.2 SENDAI Framework Application Challenges: The Case of Solotvyno, Ukraine
(draft is available)
D.3.3 Risk Evaluation Decision-aiding Approach (RED-M) – Authors: Abby Muricho
Onencan, Lian Ena Liu, and Bartel Van de Walle (draft is available)
D3.3 AI for Explaining Disaster Risk Reduction Decisions in Multi-Agent
Environments: The Case of Solotvyno (data collection was concluded on 22nd
December 2019 and is currently being analysed)
D3.3 Place attachment and land subsidence preparedness in Solotvyno, Ukraine
(data collection was concluded on 22nd December 2019 and is currently being
analysed)
D3.4 Design of a Mobile GIS Application to Improve Flood Preparedness in Tysa
River Basin, Ukraine (Mobile Application has already been designed and is in the
phase of iterative testing and improvement)
D3.4 The Contribution of iTysa GIS-based Mobile App on Improving Flood
Preparedness of Human-AI Teams
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Summary of the Published Scientific Article

Methodology for Participatory GIS Risk Mapping and Citizen Science for
Solotvyno Salt Mines

Publication History: Received: 28 September 2018; Accepted: 14 November 2018; Published: 19
November 2018
Authors: Abby Muricho Onencan*, Kenny Meesters and Bartel Van de Walle
Affiliation: Policy Analysis Section, Multi-Actor Systems (MAS) Department, Faculty of
Technology, Policy and Management, Delft University of Technology, Building 31, Jaffalaan 5,
2628 BX Delft, P.O. Box 5015, 2600 GA Delft, The Netherlands; k.j.m.g.meesters@tudelft.nl (K.M.);
B.A.vandeWalle@tudelft.nl (B.V.d.W.)

Abstract: The Horizon 2020 interim evaluation (2017) indicates a steep increase in citizen
engagement in European Union Citizen Science (CS) projects, with less than 1% in budgetary
terms and minimal influence. Research findings attribute weak CS influence to the restriction of
citizen actions to data collection, with minimal or no engagement in co-design, co-creation, data
analysis, and elucidation of results. We design a participatory GIS and CS methodology aimed at
engaging the citizens in the entire Earth Observation (EO) project cycle. The methodology also
seeks to address previous CS project challenges related to data quality, data interoperability,
citizen-motivation, and participation. We draw the high-level requirements from the SENDAI
framework of action and the three pillars of active citizen engagement, as enshrined in Principle 10
of the Rio Declaration and the Aarhus Convention. The primary input of the methodology is the
Haklay (2018) approach for participatory mapping and CS, and the Reed (2009) stakeholder
analysis framework. The proposed methodology comprises of three main parts: system analysis,
stakeholder analysis, and a six-step methodology. We designed the six-step methodology using
an iterative and flexible approach, to take account of unforeseen changes. Future research will
focus on implementing the methodology and evaluating its effectiveness in the Solotvyno Saltmine
case study in Ukraine.

Link to the Online Publication: https://www.mdpi.com/2072-4292/10/11/1828
Link to the Scientific Article on Project Website: http://improdiret.site/index.php/scientificpublications/
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Abstract: The Horizon 2020 interim evaluation (2017) indicates a steep increase in citizen engagement
in European Union Citizen Science (CS) projects, with less than 1% in budgetary terms and minimal
influence. Research findings attribute weak CS influence to the restriction of citizen actions to data
collection, with minimal or no engagement in co-design, co-creation, data analysis, and elucidation
of results. We design a participatory GIS and CS methodology aimed at engaging the citizens in the
entire Earth Observation (EO) project cycle. The methodology also seeks to address previous CS
project challenges related to data quality, data interoperability, citizen-motivation, and participation.
We draw the high-level requirements from the SENDAI framework of action and the three pillars
of active citizen engagement, as enshrined in Principle 10 of the Rio Declaration and the Aarhus
Convention. The primary input of the methodology is the Haklay (2018) approach for participatory
mapping and CS, and the Reed (2009) stakeholder analysis framework. The proposed methodology
comprises of three main parts: system analysis, stakeholder analysis, and a six-step methodology.
We designed the six-step methodology using an iterative and flexible approach, to take account of
unforeseen changes. Future research will focus on implementing the methodology and evaluating its
effectiveness in the Solotvyno Saltmine case study in Ukraine.
Keywords: Disaster Risk Reduction (DRR), SENDAI framework; community engagement; citizen’s
science; geographical information systems (GIS), risk mapping

1. Introduction: Citizen Science and Spatial Risk Mapping
A significant milestone in strengthening risk governance was the adoption of an action-oriented
and targeted DRR framework, during the Third World Conference on DRR, held in Sendai, Japan on
14 to 18 March 2015 [1–4]. The 2015–2030 Sendai Framework for Disaster Risk Reduction (SFDRR) [3],
which is a successor of the Hyogo Framework for Action 2005–2015 [4], introduces the element of
risk in disaster management [3], (p. 5). The Sendai Framework recognizes that stakeholders have
an active role in disaster risk management. It recommends measures to increase accountability and
strengthen risk governance. The basis of the Sendai Framework is four key priorities: (1) Understanding
disaster risk [3], (p. 14); (2) “Strengthening disaster risk governance, to manage disaster risks” [3],
(p. 17); (3) “Investing in disaster risk reduction for resilience” [3], (p. 18); and (4) “Enhancing
disaster preparedness for effective response, and to ‘Build Back Better’ in recovery, rehabilitation,
and reconstruction” [3], (p. 21).
In furtherance of the SENDAI framework’s priority 4, the European Union Civil Protection
Mechanism (EUCPM) initiated the ImProDiReT (Improving Disaster Risk Reduction in Transcarpathia,
Ukraine) project. The ImProDiReT project seeks to use innovative Earth Observation (EO) technologies
to strengthen disaster risk governance in the Transcarpathian region, Ukraine (see project details in
Remote Sens. 2018, 10, 1828; doi:10.3390/rs10111828

www.mdpi.com/journal/remotesensing
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Appendix A). EO is the compilation of in situ ground surveys and remote-sensing data regarding the
Earth surface. EO uses various sources to extract the data including drones, satellite sensors, airplane
aerial imagery, hand-held sensors, permanent ground sensors, paper-based templates, and digital
questionnaires [5]. One of the emerging sources of data is citizens: as sensors, data collectors, and in
the recent past co-creators, monitors, and evaluators.
The role of the citizen in EO, for the last four decades, has widened through the use of
community-based approaches to enrich geospatial maps and enhance the quality of social vulnerability
assessments [6]. Most frequently used community-based approaches include the rapid rural appraisal
(RRA) and the participatory rural appraisal (PRA). Application of these approaches is mainly in
natural resource management (NRM) projects [7–10]. Beyond NRM, RRA and PRA have also proved
to be effective in DRR [11–20]. PRA and RRA spatial data improve the understanding of hazard
features, including zoning of the different levels of vulnerable structures and people. Also, through
the fieldwork, experts can gather from the local people information about their coping strategies and
represent this in sketch maps.
Unfortunately, most of these RRA and PRA sketch maps, photographs, and historical community
profiles were not formally incorporated in the official EO maps nor legitimated [21,22]. Most often
they were not stored, backed up, or updated [23]. Moreover, there was a loss of local knowledge
relevant to EO after the conclusion of the RRA and PRA projects [21]. The challenges of integrating
maps developed using RRA and PRA approaches opened up new opportunities for innovations to
address the gap.
Recent advances to improve the uptake of RRA and PRA data have arisen in remote sensing and
community risk assessment (CRA) to transform the citizen data into flexible forms (accessible and
usable) of spatial data [21,23]. Flexible spatial data allows policymakers and communities to interact
and update the data with minimal or no support from the EO scientists [21,24]. Spatial maps that are
accessible to the community enhance local capacity, strengthen local risk governance, increase social
learning within the community and improve the communication of risk [21,24,25]. Also, flexible maps
allow the community to undertake risk analysis, joint risk zoning, and risk evaluation [23].
Notwithstanding advances in CRA and remote-sensing, these innovations have not extensively
harnessed local spatial knowledge to improve the understanding of risks and strengthen risk
governance [3,4,21,26]. As a consequence, Participatory Geographic Information Systems (GIS) was
introduced to combine the DRR remote sensing data with the local spatial knowledge that is relevant
to hazard, exposure and vulnerability. According to McCall (2008), PGIS results led to improved
hazard forecasting, risk estimation, and an increased understanding of vulnerability and community
coping strategies [25]. The use of local knowledge to enrich spatial maps increased the legitimacy
of the maps and improved policy planning and decisions by providing more thorough, consistent,
credible, empirical data [21,27–30]. Since the spatial maps focus on a specific locality, the information
can be verified and adjusted depending on local values, perceptions, and priorities. The PGIS map
is also socially inclusive, thereby increasing its uptake and use. Furthermore, decisions made using
a PGIS map are more informed and better implemented, thereby increasing trust between the local
leadership and the community. PGIS mapping usually is less costly, due to cost reductions by use of
local community-based, voluntary resources [21].
Principle 10 of the Rio Declaration on Environment and Development recognizes and supports
PGIS [31]. Principle 10 emphasizes three pillars of participation. These three pillars are the need to
ensure that the public has access to environmental information, can participate in decision-making,
and has access to environmental justice. These three pillars are also enshrined in the Aarhus convention
(UNECE 1998) [32–34]. The introduction of open data facilitated the sharing of PGIS databases across
the globe that can be updated and visualized through GIS-based images [34]. Therefore, open data
facilitated the implementation of Principle 10 and the Aarhus convention. Despite all the advantages
of introducing PGIS to make data more flexible and interoperable, the innovations were not systemic
and most of the time never institutionalized [35].
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Consequently, Citizen Science (CS) was introduced to institutionalize some EO innovations,
including PGIS, leading to the systematic updating and monitoring of PGIS maps [36]. CS connotes
long-term engagement with the citizens as scientists, in addressing local challenges [34,35].
The European Commission “Green Paper on Citizen Science,” defines CS as:
“the general public engagement in scientific research activities when citizens actively
contribute to science either with their intellectual effort or surrounding knowledge or
with their tools and resources. Participants provide experimental data and facilities for
researchers, raise new questions and co-create a new scientific culture . . . As a result of
this open, networked and trans-disciplinary scenario, science-society-policy interactions
are improved leading to a more democratic research based on evidence-informed decision
making” [37], (p. 7).
The Horizon 2020 interim evaluation indicates a steep increase in citizen engagement in EU
projects, with the marginal imprint of less than 1% in budgetary terms and minimal influence [38].
Citizen engagement should be at the same level as EO specialists in project design, creation, monitoring,
and evaluation [21,24,35,39]. Most of the research findings indicate that CS actions for the citizens
are primarily data collection [34,35,40–42]. Fritz et al. (2017) highlight six challenges encountered
in previous CS projects. First, not involving the citizen in the entire workflow or project cycle
and confining their role to data collection [36]. Second, data quality issues [43–46]. The third
challenge is data incompatibility (interoperability) [47,48]. Fourth, citizen-motivation and engagement
challenges [49,50]. Fifth, sustainability issues (citizen retention and participation) [5,51]. Finally, legal
matters related to licensing, privacy, and ethical concerns [52].
To increase the influence of CS, the European Commission (2017) report produced under
the chairmanship of Pascal Lamy (High-Level Group Chairperson) recommends increased quality
engagement of citizens in co-creation, monitoring, and evaluation. In pursuance of the EU Green
paper on CS [37], the Horizon 2020 interim evaluation recommendations to strengthen CS [38] and
the European Commission (2017) High-Level Group report [53], we developed a Participatory GIS
Risk Mapping and CS Methodology. This methodology will draw input from the Haklay (2018)
methodology for participatory mapping and citizen science [41], Reed (2009) schematic representation
for critical steps for stakeholder analysis [54], and the Graciela Peters-Guarin (2012) proposed approach
for coping strategies and risk manageability: using PGIS to represent local knowledge [21]. Also, based
on the analysis by Fritz et al. (2017), lessons learned will be drawn from some of the listed ongoing
and concluded CS projects [36].
The paper consists of three main parts. First, we assess the growth of CS in Europe in
research, innovation, and projects. In the third section, we discuss the Solotvyno Saltmines land
subsidence challenge and introduce the complex decision-making process and the challenge of having
multiple and competing perceptions of risk. Finally, we assess three significant attempts by the
Ukrainian government to address the problem (risk mapping to identify high-risk areas, relocation,
and liquidation of the mining company). The fourth section describes the methodology. The fifth
section introduces two case studies where the methodology has been applied and the opportunities
and challenges of implementing the methodology in Solotvyno. After the four main sections, we
provide a brief concluding section.
2. Citizen Science in Research and Innovation
The first application of CS was in 1989, (under the name CS) by the Audubon Society, where
225 American citizens collected rain samples to test rain-water acidity [35], (p. 71). After that, the term
CS continued to be used and slowly gained acceptance in the 1990s [55]. The increased recognition is
measured by the steep surge in CS projects, its inclusion in policies (e.g., European Commission Green
Paper on Citizen Science) and practices.
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2.1. The Growth of Citizen Science in the European Union
There are some essential practices in policy formulation, implementation (EU level and national)
and analysis (research & innovation), attributed to the growth of CS in Europe. At the policy formulation
level, there have been two main developments. First, the European Commission “Green Paper on Citizen
Science” [56] was adopted and set the stage for the ongoing policy transformations in the European
Commission, Council, and Parliament to support CS [40]. Second, the adoption of the 3Os strategy (Open
Science, Open Innovation, Open to the World), facilitated CS work. Moreover, the 3Os strategy book on
Europe’s future: Open Innovation, Open Science, Open to the World‘ was launched on 15 May 2017.
At the policy implementation level, the EU has undertaken CS initiatives directly and indirectly
through its member states. Directly, the EC engages citizens through some actions including VOICES
urban waste project, CIMULACT, and NewHoRRIzon projects, to co-create future citizen EC research
narratives and visions. Also, the ‘Invasive Alien Species’ app (IAS), was launched by the European
Commission’s Joint Research Centre. The IAS app is in furtherance of the Regulation (EU) 1143/2014
on invasive alien species (the IAS Regulation) that came into force since 1 January 2015. Through the
app, European Union citizens can document IAS incidents as an early warning advisory for new
species invaders. At the national level in Europe, in March 2017, a participatory research charter was
signed between the French Research Ministry and research institutions. Additionally, the Ministry
for Education and Research in Germany (BMBF) is funding projects that support the co-creation of
knowledge with citizens (BürGEr schaffen WISSen or GEWISS).
At the policy analysis level, there are numerous strides towards improving CS in Europe.
Since 2002, the Framework Programmes for research and Innovation have dedicated funds for
CS projects. In 2012, the European Union financed five projects under the topic “Developing
community based environmental monitoring and information systems using innovative and novel
earth observation applications.” In 2017, the European Commission under the Horizon 2020, had
specific calls for citizen science (e.g., “Exploring and supporting citizen science”) and introduced
Responsible Research and Innovation (RRI). The overall objective of RRI is to engage civil society
organizations and citizens in research and innovation (R&I).
2.2. Citizen Science in Research and Innovation (R&I)
In the mid-1990s, CS gained traction and there was a steep increase in the CS projects and
research studies [1,5,35,37,56]. Additionally, there was a drastic rise in publications on CS generally
and specifically in the EO domain. Based on a SCOPUS search result conducted on 12 November
2018, there were 306 publications for “earth observation” AND” citizen science” and 2882 for “citizen
science,” between 2008 and 2018.
In 2008, only 20 articles were published under the “citizen science” group in comparison to
2017, where 650 articles were published. There was only one article published under the “earth
observation” AND “citizen science” domain in 2008 compared to 2017, where 78 articles were
published. Google Scholar has more research output, based on a search conducted on 12 November
2018. For the date range 2008–2018. There were 20,500 articles for “citizen science” and 547 publications
for “citizen science” AND “earth observations”.
The enormous difference between “citizen science” and “citizen science” in “earth observations”
search results, indicates that CS in the domain of EO is small compared to other CS research and
innovation (R&I) initiatives. Earth and Planetary studies are only 6.4% of the overall CS documents.
The main EO subject areas are Environmental Science (22.7%), Agricultural and Biological Sciences
(18.3%), Earth and Planetary Sciences (17.6%), and Social Sciences (10.9%).
2.3. CS Projects Providing Useful Data for EO
A typical CS project comprises the input-process-output policy model [57]. In most of the CS
projects, the citizens are engaged at the input level [42]. Thus, they provide relevant input for EO
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3.1. Land Subsidence in Solotvyno Saltmine Village
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In February 2008, a significant karstic hollow was formed (30–40 m), leading to the closure of the
mine 9, and Mine 8 was closed in 2010 [61]. Within the two years when the salt mine and factory were
not operating, 600 people lost their jobs [60]. In addition, two underground allergological hospitals
that focused on asthma treatment were closed [62]. Most of the Solotvyno residents lost their primary
source of income [58,61,65]. With the land subsidence and salt mine collapse, exposure of the Solotvyno
inhabitants and the tourists to the geological hazard and the increased levels of vulnerability became a
significant issue of concern [66–68].
In December 2010, the situation related to these critical exogenic geological processes within the
territory of Solotvyno salt mines was classified as an emergency by a decision of the Transcarpathian
Regional State Administration. The village was also declared by the national State Emergencies
Services (SES) to be at a critical point [66]. The expert report of the Ministry of Emergency Situations
of Ukraine (No. 02-17292/165 dated from 9 December 2010), later approved the decision of the
Transcarpathian Regional State Administration. The approval resulted in the announcement of an
environmental disaster at the state level by the Ministry. Therefore, it is currently a high-security zone
of national importance.
3.2. Complex Decision-Making Process
Being declared an emergency and a matter of national importance, the primary responsibility
for the future of the village and the salt mines shifted to the central government. Only the central
government can make decisions concerning the future of the Solotvyno mines, the residents,
and economic activities in that place. As a consequence, the Head of the Regional State Administration
of Transcarpathia (Governor) [67], the Head of the Tyachiv District State Administration [68],
and the Mayor of Solotvyno Municipality [58] cannot make significant decisions regarding the
future of Solotvyno. Their role is limited to urban planning, water treatment and distribution, waste
management, and similar duties. Strategic decisions are vested with the central government that has
constituted a Solotvyno working group that meets in Kiev, Ukraine. Despite having this working
group, there is a lack of coordination of the socio/economic/environmental and safety issues.
Also, at the state level, the state institution that was responsible for the mines is the one mandated
to resolve the current problems in Solotvyno. The Ministry of Agrarian Policy and Food is the
state institution that was responsible for the exploitation of the mines. Therefore, the same Ministry
continues to receive money from the consolidated fund to address the Solotvyno crisis. The same
Ministry is responsible for building the 133 homes and planning the relocation, and the ongoing
liquidation and restoration of the mines. Both processes are at a standstill [58,67,68].
This decision-making process is not only slow, but also disjointed and disempowering for the
local authorities and the local communities. Unfortunately, most of the stakeholders’ lack information
on the ongoing activities and efforts to resolve the situation. The current governance system fails to
respect the “principle of subsidiarity” that requires decision-making at the lowest, less centralized,
and smallest competent authority. Therefore, in the case of Solotvyno salt mine, the municipality or
another competent authority at the lowest level, rather than the Ministry of Agrarian Policy and Food,
should have been given the power and budget to facilitate the relocation and liquidation process with
the active participation of the central government, the Solotvyno residents, and other stakeholders.
3.3. Multiple and Competing Risk Perceptions
Vulnerability assessments, when faced with multiple, competing, and sometimes conflicting
risk perceptions from a diverse group of stakeholders, are not straightforward [21]. Being a border
town, Solotvyno is a highly complex social-technical system comprising of multi-ethnic, multi-religion,
multi-national, and multi-lingual groups. Also, diverse competing interests need to be considered
when strengthening risk governance in Solotvyno. Risk perception is different amongst different
stakeholders [69–71]. One’s opinion of the likelihood of the hazard occurring, the degree of exposure
and extent of vulnerability mainly affects their overall understanding of the risk and the actions they
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will take to manage it [21]. For instance, in the case of the Solotvyno salt mines, land subsidence and
collapse in a salt mining area is perceived by the modelers as a phenomenon that they can model and
quantify to develop risk maps [72,73]. However, vulnerability is not easy to model [74].
To the head of the region, the safety of the people is a crucial concern, and there is a risk of not
understanding what is ensuing beneath the surface of the earth, to inform decision-making [67,68].
To this date, getting real-time information on the current status of the flooded mines is a significant
challenge. Without this information, the current models based on available data are incomplete and
not accurate. The water directorate is concerned about further flooding of the mines that would result
in more land subsidence and collapse [73]. The concern of the State Ecological Inspection Department
is salt-intrusion into land and rivers and unauthorized pumping of the brine [6]. The pumping of the
brine is done with non-metered pumps, thus aggravating the data availability challenge. The PJSC
“Girhimprom” (Mining Company), perceives it as an incident that requires immediate actions to
minimize the loses and reduce responsibility [75]. The former miners lost their jobs and fear the
continued flooding and subsidence of the mines may diminish future job opportunities for miners
in Solotvyno [61]. Developing a business case for future investment in the mine is a significant
challenge. For the state authority that authorized the corporate action, their perception of the risk is the
likelihood of minimizing event occurrence through liquidation and closure [76]. The local government
perceives the risk as an information gap that needs to be filled to enable them to make better decisions
on whether or not to relocate the people away from the high-risk zones [58]. The State Emergency
Services perceives a governance problem; they may not be informed on time to be able to facilitate the
movement of persons at high risk to safer places [66]. The companies in the recreation center face the
risk of bad publicity that might damage their business or even lead to business closure [59]. The school
directors and teachers face the risk of not preparing their students for the disaster risks through their
safety training [77,78]. The religious leaders face the risk of most of their parishioners leaving the
village in search of a safer place, losing jobs, and not being able to meet their basic physical needs [65].
The citizens with deformed houses face the risk of their homes collapsing, leading to further damage
or even loss of life. They also face the risk of not being compensated for the deformed or collapsed
homes [79]. Regrettably, for the local citizen, the risk is an incidence that they are required to confront
and manage on a daily basis [80]. In doing so, they have to avoid the regions that are subsiding and
take extra precautions to reduce risk incidence.
The EO scientists need to be cognizant of local knowledge on risk perception and the management
of risks to develop the appropriate decision support tools. Due to the multitude range of risk
perceptions, there is a wealth of local knowledge on how the various stakeholder groups are coping,
adapting, or managing the risks. The local knowledge is a collection of facts about the characteristics
of the hazard, its frequency, and the changes that have been happening in their environment due
to the hazard. With a rich historical understanding of the hazard, the local people have established
formal and informal mechanisms to cope with the hazard. These mechanisms need to be known and
understood by the EO scientists, to be able to support the community in developing DRR tools to
complement the existing ones, with the aim of managing the risk and reducing vulnerability [21].
3.4. Previous Attempts to Address the Challenges
3.4.1. Development of Risk Maps to Identify the High, Moderate, and Low-Risk Zones
Access to environmental information is a fundamental right for every citizen according to the
Aarhus Convention. Most ecological decisions require sufficient knowledge of the situation for
informed decision making. Understanding the level of geological risk, in the case of Solotvyno, is
critical for informed decision-making.
There are existing studies and risk maps for Solotvyno (see Figure 3). The existing maps provide
a wealth of information that is relevant to DRR in Solotvyno. The Solotvyno maps play a critical role
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in the decision-making process. The maps are not accessible in a form that is easily understood by all
the Remote
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village residents [77].
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income opportunities for cross-border traders. Also, with the collapse of the mines, salt lakes were
formed that have been a significant source of income for the Solotvyno residents during the summer
seasons [58,59]. This opportunity is not available in Tereblya [81].
Solotvyno is a complex socio-technical system because it consists of multiple nationalities,
languages, and religions. Moving to Tereblya village would mean moving to an environment where
only Ukrainians reside [58]. The school constructed did not take account of the complexity of Solotvyno
town nor reflect the village diversity. Solotvyno consists of diverse backgrounds, cultures, religions,
and languages, and multiple schooling systems (Hungarian, Romanian, and Ukrainian schools) with
different languages of instruction. The construction of one school in Tereblya took no consideration of
the existing social dynamics and complexity [77,78]. Religious multiplicity was also not addressed.
Most of the Solotvyno inhabitants are highly religious. They were not sure which sacred places they
would join in Tereblya village. Even though Solovyno is a small town, it has numerous opportunities
for the multi-religious community [65].
3.4.3. Liquidation of the PJSC “Girhimprom” (Mining Company)
In addition to the relocation challenge, Solotvyno is facing a prolonged liquidation process.
The process of liquidation and restoration of the mines stalled due to lack of funds and changes in
prices that need to be adjusted. The State Enterprise Solerudlikvidacija is the company mandated to
undertake liquidation of the mines, under the leadership of the Ministry of Agrarian Policy and Food.
The State Enterprise Solerudlikvidacija does not have the money to remove the objects (mining shafts
and other mining objects) [58,68,75,76].
In the meantime, PJSC “Girhimprom” (Mining Company under liquidation) is still operational,
though mining has stopped. PJSC “Girhimprom” (Mining Company under liquidation) license for the
business community to pump the brine from the salt lakes is still valid. Also, a 20-year license has
been issued to construct a Speleocenter in Solotvyno by the Solotvyno Spa Speleocenter. Under the
permit, Solotvyno Spa Speleocenter has undertaken to restore the environment and stop the further
degradation of the land around the mines [82].
The field assessment conducted on 10 August 2018, concluded that the salt mine area is further
deteriorating, in comparison to the EUCPM Advisory Mission in 2016 observations and the subsequent
Risk Assessment report. The mission team noted that the salt lakes had become larger and steeper.
There was also further subsidence of the land around the mines [81].
4. The Methodology: Solotvyno Participatory GIS and CS
4.1. High-Level Requirements for Risk Mapping and CS
We derived the high-level requirements for PGIS and CS from Principle 10 of the Rio Declaration
on Environment and Development [31], Aarhus convention (UNECE 1998) [32–34], and the
SENDAI Framework priorities and global targets. As noted earlier, the three pillars enshrined in
Principle 10 of the Rio Declaration on Environment and Development [31], and Aarhus convention
(UNECE 1998) [32–34] emphasize the need to ensure that citizens:
1.
2.
3.

have access to environmental information (priority 1 and 2 of the SENDAI Framework);
can participate in decision-making (priority 1, 2 and 3 of the SENDAI Framework); and
have access to environmental justice (priority 2 of the SENDAI Framework).

Environmental justice refers to the ability to seek redress for an infringement of a citizen’s
ecological rights. During the mission to Solotvyno in August 2018, we interviewed a father and son
in Solotvyno living near the sinkholes, on Solna street. According to previous maps, that were used
to determine the 133 families targeted for relocation to Tereblya, this father and son’s home was
not identified to be in the high-risk zone. However, after a short while, their houses were severely
deformed. They sought redress from the local, district, and regional administration, only to be
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disappointed. Everyone referred them to the Ministry of Agrarian Policy and Food. The Ministry
of Agrarian Policy and Food is based in Kiev, Ukraine and it would take 12–18 h by train. Also,
they would not know whom to contact in the Ministry, because the Ministry is big and deals with
many matters. Finally, the father and son gave up their search for environmental justice for the
severe house deformations [79]. The CS platform will not only focus on providing citizens with the
information they need to make informed decisions but will also create a “One-Stop-Shop” where
citizens can easily contact the responsible authorities and seek environmental justice or reparations for
the damages suffered as a result of ecological actions of the respective institution. The CS will also
support governmental actions by making all the information public and open to avoid the previous
instances of double or triple reparations for the same damage. Moreover, within the CS, there will
be environmental, civil society organizations who can advocate for policy reforms to improve and
strengthen disaster risk governance [83].
Furthermore, ecological justice claims require the citizens to be better prepared in problem framing
and deriving joint solutions [84–87]. The CS platform will provide them with the participatory process
of gathering evidence through PGIS and the mutual risk evaluation and collective decision-making [88].
The design of the methodology is based on the following SENDAI global targets:
1.

2.

3.

4.

Substantially reduce global disaster mortality by 2030—Disaster-based mortality is increasing
as the buildings continue to be deformed, flooding is still in the mines, the land subsides.
To substantially reduce mortality, the high-risk areas need to be identified as soon as possible
through risk mapping and joint risk evaluation. After that, a decision needs to be made to treat
the risks in cooperation with the community.
Substantially reduce the global number of affected persons by 2030—There are approximately
300 houses in Solotvyno. In every home, there are about four persons. Therefore, 1200 persons
may be in danger. Also, during the summer holidays, the number drastically increases due to the
significant number of tourists living in the recreation centers and people’s homes. The risk maps
should indicate the persons at risk. The risk evaluation approach should zone the different areas
in the village based on the level of risk. The joint decision-making approach should enable the
various stakeholders to make collective decisions aimed at substantially reducing the number of
affected persons.
Substantially reduce direct disaster-induced economic loss about the global gross domestic
product (GDP) by 2030—If all the 300 homes, offices, and the recreation center are at risk then the
economic losses to the community, businesses, and local administration are enormous. There are
many other direct losses (jobs, income from the mines, income from the hospitals, income from
the recreation centers and many other forms of economic losses). The CS should facilitate the
joint evaluation of these risks and the development of collective action plans and investment
matrix to substantially reduce the disaster-induced financial losses.
Substantially reduce critical infrastructure disaster-induced damage and the disruption
of essential services, among them health and educational facilities—Hospitals, schools,
engineering systems, and water supply systems may be destroyed, deformed, and be more
unstable. The CS should facilitate the joint evaluation of these risks and the development
of collective action plans and investment matrix to substantially reduce disaster-induced
damage to critical infrastructure and disruption of essential services, including health and
educational facilities.

4.2. Schematic Representation of the Methodology
We developed the current methodology based on interviews conducted in Kiev, Uzhhorod,
and Solotvyno on Monday, 16 July 2018, to Friday, 10 August 2018, under the ImProDiReT project
(Appendix B). This methodology will guide the environmental justice process and the design of a
platform known as iSOLOTVYNO, for the Solotvyno municipality. The objective of iSOLOTVYNO
is to facilitate the development of a common understanding of the geological risks and the local
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environmental justice issues related to the salt mines and provide support in the development of a
local action plan and investment matrix. Two methodological frameworks guided the development of
the methodology (Figure 4). First, the Reed (2009) schematic representation of the critical steps for
stakeholder analysis [54], (p. 1947). The socio-technical system in Solotvyno is complex. There is a
need for a thorough stakeholder analysis to be able to develop a more detailed map to support the
CS and PGIS work. Second, Haklay (2018, p. 3) has developed a methodology used for PGIS and
CS [41]. We adopted the methodology with a few adjustments because it is relevant to the current
project. The focus of the methodology is to develop a PGIS and CS platform that would enhance
local capacity to understand better the risks they face, avail relevant information in a format they
comprehend, and help prepare them to communicate and seek solutions for the environmental justice
issues affecting them.
The methodology entails three significant phases (Figure 4). First, we will analyze the Solotvyno
socio-technical system to guide the design of the platform. Second, we will conduct a detailed
stakeholder analysis. Finally, we will implement a six-step methodology to implement PGIS and CS
in Solotvyno.
4.3. System Analysis
Systems analysis is essential for the design of the PGIS and CS online joint decision-making
web tool. The objective of the study is to ensure that there is a match between the analysis and the
subsequent design. We would like to avoid mismatches that would affect the quality of the design and
lead to failure.
We will use the structured development technique to ensure that various software developers have
sufficient knowledge of the system under analysis regarding inputs, functions, processes, and outputs.
All developers of the PGIS and CS system will use the same terminology to facilitate the eventual
development of a coherent toolbox for the joint decision-making platform. The structured development
systems technique will help to streamline the inputs, processes, functions, and outputs of all the
ImProDiReT developers.
During the systems analysis process, emphasis will be placed on the requirements analysis,
because it is a critical stage in the development of an information system. The design of the online
platform will be based on the initial requirements elicitation outputs and refined through an iterative
process. The system analysis will adopt the requirements-driven information systems engineering
approach, selected in the Tropos project [89]. The methodology comprises of four phases:
1.

2.

3.
4.

Early requirements elicitation. This stage has already begun and scheduled for conclusion
during the first DRR platform meeting. In this step, the designers seek to understand the problem
and understand the institutional set-up. At the end of this phase, there will be a problem and
institutional analysis which will include the actors who are relevant to the Solotvyno salt mine
project, their respective goals, and interdependencies. Implementation of this phase is in tandem
with the detailed stakeholder analysis for Solotvyno municipality.
Late requirements elicitation. The second phase will involve the initial visioning of the
“system-to-be.” The description will be specific to the Solotvyno operational environment and
include the qualities of the system and its requirements.
Prototype design. In this phase, we will define the system’s architecture in the form of a prototype.
We will present the prototype to the stakeholders during the Solotvyno DRR platform meetings.
Detailed design. The detailed design of the joint online decision-making will take place in the
final phase.

The detailed design will be presented in the final integration workshop (4th DRR Platform
meeting) and applied to the local context. The results of its application will be discussed, evaluated
and, if needed, refined. Once verified, the approach will be combined and integrated into a roadmap
tailored to the Solotvyno case.
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stakeholder analysis and the development and application of the methodology for Participatory GIS
Risk Mapping and Citizen Science for Solotvyno Salt Mines. The methodology comprises a six-stage
Risk Mapping and Citizen Science for Solotvyno Salt Mines. The methodology comprises a six-stage
process. The process is iterative and flexible enough to be changed based on the local circumstances
process. The process is iterative and flexible enough to be changed based on the local circumstances
and agreements made with the stakeholders. The system and stakeholder analysis are modified from
andReed
agreements
made with the stakeholders. The system and stakeholder analysis are modified
(2009, 1947) schematic representation of the critical steps for stakeholder analysis [54]. The
from Reed (2009, 1947) schematic representation of the critical steps for stakeholder analysis [54].
The Methodology for Participatory GIS Risk Mapping and Citizen Science for Solotvyno Salt Mines is
adjusted from Haklay (2018, 3) PGIS and CS methodology [41].

Remote Sens. 2018, 10, 1828

15 of 30

4.4. Stakeholder Analysis
Based on the initial systems analysis that establishes the problem, the focus, and the system
boundaries, the second phase is to undertake a detailed stakeholder analysis. The term stakeholder, for
purposes of the analysis refers to people or groups of persons with a direct interest in the Solotvyno
salt mine (have stakes) and also those may have or not have a direct interest but have the power to
influence the decisions regarding the present condition and future of the mining area. The analysis
will also assess the interactions between the stakeholders and possible opportunities for joint actions
and decision-making.
We conducted the initial stakeholder mapping at the start of the ImProDiReT project. However,
after the interviews, it became evident that some of the key stakeholders were not included in the list
(for instance three new companies with 20-year licenses to mine in Solotvyno and their supporting
institutions—actual mining companies and research institutions). Also, the initial scoping did not
identify stakeholder stakes, differentiate between the categories of stakeholders, nor assess the power
relationships. Therefore, the Reed (2009) approach will be used to improve the current stakeholder
map for Solotvyno.
Due to budgetary constraints, part of the stakeholder analysis will adopt semi-participatory
approaches [90–92]. To categorize the stakeholders and understand their inter-relationships, we will
triangulate using literature review, focus groups, semi-structured interviews, and snowball sampling
approaches. Literature review and the semi-structured interviews have already been conducted.
We chose to use simpler methods because of the language complexities in the target population,
the purpose of the analysis, and the skills and resources available. Specialist methodologies (for
instance Social Network Analysis and Q methodology), are not appropriate because the number of
stakeholders is not significant and implementation of specialist methodologies might be cumbersome
and time-consuming.
4.5. Six-Step Methodology for Participatory GIS Risk Mapping and Citizen Science
4.5.1. Introduction to Existing Public Information
As described earlier, the methodology for PGIS and CS involves six steps, which are iterative and
flexible. The main focus of step 1 is to introduce the community to the existing hazard and risk maps
and discuss with the community what the risk maps mean, in their particular circumstance.
We will undertake step 1 at a convenient time for the community when all the interested members
of the community are available. Since the collapse of the mine, most of the men left the village in
search of work and typically come back during the summer holidays when there is work in the town.
Also, the recreation centers may be fully operational during the summer season and dormant in the
winter season. However, during the summer season, some of the key policymakers in Kiev are on
holiday. Therefore, the timing for this activity is vital to ensure that the process facilitator contacts all
the interested members of Solotvyno community.
This initial meeting should be inclusive and ensure representation of all the interested groups.
Most importantly, the meeting should be in Solotvyno, not Kiev (capital city) nor Uzhhorod
(Transcarpathia regional center). The initial meeting should happen in the study area to enable
all the interested parties and the parties who have the power to influence decisions to understand the
context and visit the mining area.
Before this first meeting, all open data and open access information that is relevant to the Solotvyno
salt mine case will be compiled and made available through an online portal. The data includes
information from the previous geological studies carried out by various institutes in Kiev and Lviv [82].
The list of data will include publicly available maps and relevant policy information from the:

•
•

Solotvyno municipality;
State Emergency Services, the Tyachiv District State Administration;
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Regional State Administration of Transcarpathia;
PJSC “Girhimprom” (Mining Company under liquidation); and
Solotvyno Spa Speleocenter (the new company with a 20-year license).

We will present the information at the start of the implementation process because of two reasons.
First, to disseminate available information expressed in the language that a majority of the community
understand. Most of this information is scattered, with minimal outreach attempts to the affected
population (demand driven information). The Solotvyno community is not aware of the existence
of previous research work and risk maps developed for their use [77]. Most of the information is
produced to address a particular institutional need or fulfill budgetary or project requirements (supply
driven information). This information needs to be repackaged and made accessible for the community
in one place. With the click of one button, they would be able to access all information relating to
the Solotvyno salt mine which is regarded to be in the public domain (open data, access, science,
and education).
Second, we will develop leaflets for the public that identify and explore the critical environmental
issues that the Solotvyno public face. The brochure should be neutral. It should scientifically present
the facts openly while providing sufficient flexibility for the stakeholders to decide their futures based
on the information. At this stage, we will avoid preconceived ideas about the Solotvyno problem and
the possible solution, as discussed in Haklay (2018). The ImProDiReT project should not be presented
as a ‘fait accompli,’ because it defeats the purpose of developing a joint-decision making platform,
where the stakeholders and not external actors, can make the decisions. To avoid presenting a ‘fait
accompli’, step 1 should present a portfolio of all the available and relevant information and a list of
issues to stimulate discussions. The importance of the community controlling the decision-making
process will be emphasized during the implementation of Step 1.
4.5.2. Discussion and Initial Priorities Setting
The second step is a facilitated meeting to discuss the already concluded risk maps developed
in the first phases of the ImProDiReT project and set priorities. Many issues surround the Solotvyno
salt mine. There is the: stalled liquidation process; the restoration of the mines; the relocation of ‘at
high risk’ citizens; the weak risk governance system; the land use planning system; the licensing of
companies to conduct activities that have an impact on the environment; waste management; salination
of the Tisza river and the trans-boundary issues associated with it; the pumping of salt water from the
salt lakes; and investment opportunities in Solotvyno to mention a few. Therefore, there is a need to
set priorities and arrive at joint agreements on the project focus areas. The risk maps will provide the
necessary information to guide the discussions. However, the decisions on what priorities to focus on
have to be made jointly with the stakeholders.
The output of step 2 will be an agreement on what to focus on in the ImProDiReT project and
also an agreement on how to visualize the community map. Based on the initial map, there will be
discussions on what to include and how to include it. In this meeting, the community will have access
to both the digital and paper maps. The paper maps will be for the members of the community who
are not conversant with the use of the digital maps.
If the community agrees to add more components to the existing risk maps, then the community
should agree on how to collectively gather the data to populate the map, during the project period
and after project closure. This additional information, not available in GIS maps, is essential
for solidifying their positions in preparation for discussions with the decision makers and public
authorities. Additional dialogues can center around the data collection protocol, collating the data,
and how the data will be analyzed and visualized.
The protocol will take account of the following:
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Based on previous similar environmental projects, some communities would not wish to share the
information until the conclusion of the process, especially if they fear negative repercussions when the
information is available to certain authorities as an early stage of the PGIS [41]. Haklay (2018) proposes
either a password-protected website or localized GIS in circumstances where the community does not
wish their information to be shared openly.
4.5.5. Citizen Science (Risk Evaluation, Risk Map Zoning, and Risk Treatment)
Alternatively, we will facilitate perception mapping through the CS platform (step 4).
We conducted initial perception mapping in August 2018, through semi-structured interviews.
However, at this stage, the risk maps were not concluded. Therefore, the discussions were very
general. A key finding of the initial deliberations was that three successful businesses in the recreation
center stated that they perceive the recreation area to be extremely safe. The former miners reported
that they consider the places above the mines that had sizable chambers to be extremely unsafe and the
unexploited regions to be safe [61]. One of the companies that recently received a license to establish a
Solotvyno Spa Speleocenter stated that they see many investment opportunities in Solotvyno and the
mines can be reclaimed and made profitable [82]. The second stage of the perception mapping is after
the conclusion of the risk maps.
Based on the interviews, it emerged that decisions need to be made on relocation, liquidation, risk
mitigation, and whether to continue investments in the area. Regarding relocation, the first decision is
determining the high-risk zones that require immediate relocation. There is a need to decide whether
the community should be compensated or relocated to a safe place. Based on the interviews with
the various stakeholders, if relocation is the solution, then the following requirements should be
incorporated in the joint decision-making model for relocation:

•
•
•
•
•
•
•

Distance from Solotvyno;
Livelihood and opportunities to exercise their entrepreneurship skills;
Ownership rights to the new property;
Building requirements that reflect the culture-diverse community in Solotvyno;
School and religious institutions that take account of the diversity in the village;
Livable houses with water, electricity, and up-to-standard wiring;
Demographics and age dynamics—old people may not be able and willing to relocate.

Concerning liquidation, the most urgent decisions are expediting the stalled liquidation process
and removal of the objects. Urgent decisions are required on treating the high-risk zones to slow down
the subsidence process and the quick sealing of the leaking sewerage system.
Regarding investments, there are two main issues to be considered, the current businesses at
the recreation center and the future investments in open mining. Decisions on whether these two
investment trajectories are sustainable within the current context and in the future need to be made.
These decisions include whether to allow businesses to operate and continue to extract the salt water
from the salt lakes. If yes, how can this be monitored and controlled? Finally, a strategic decision on
whether there is a business case for the three new mining companies that have been issued 20-year
licenses and the impact of their planned actions on the geological risk.
We will combine risk perception mapping with a community-based risk evaluation and zoning.
Based on the risk maps, the community would evaluate the risks and zone the different areas that
require:
1.
2.
3.
4.

Risk avoidance;
Risk mitigation or reduction of the likelihood of the land subsidence and collapse event or
its consequences;
Risk transfer to a third party like the Ministry of Agrarian Policy and Food.
Risk acceptance when the government or the responsible authorities have addressed all the
adequate controls. However, it is essential to explain to the Solotvyno community that health
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and safety risks require a higher standard of controls. Risk acceptance is an option if everything
possible to reduce the chance of risk occurrence has been done. Before accepting a risk, it is vital
to ensure that sufficient controls are in place.
4.5.6. iSOLOTVYNO (Joint Decision-Making Web Tool and Online Map)
This stage is only relevant if the Solotvyno community agrees to share the information online.
iSOLOTVYNO will be an online platform where the joint decision-making web tool and the online
map can be accessed. The community will update the online risk map. It will form the basis for further
deliberations and the subsequent development of a community-based action plan and investment
matrix. The decision-making process in iSOLOTVYNO will include, whether to:
1.
2.
3.
4.
5.

6.

Eliminate all geological hazards as much as possible;
If they cannot eliminate, then substitute them with something less hazardous/dangerous; to
reduce the risks;
If they cannot substitute, then engineer a solution to protect the community in Solotvyno;
If they cannot engineer a solution, then isolate it—stop people from getting near the
high-risk zones;
If they cannot isolate, then administer it through policies and administrative processes on how
to manage the hazard. At this stage, the decision-makers will be getting to the dangerous part,
where they have to rely on people to protect themselves. Administering risks increases risk
exposure and vulnerability.
If they cannot administer, ask the citizens to wear some personal protective equipment (PPE).
PPE might not be relevant depending of the nature of the risk.

The six-step design process is iterative and flexible; it is not a simple design process. However, it
is responsive to the needs of the community, enabling changes and adaptation to ensure that the final
product follows the EU principles of responsible research and innovation. The underlying principle
of the methodology is to ensure that the community co-design the PGIS and iSOLOTVYNO and
co-determine the process and the products [42].
5. Case Studies, Opportunities, and Limitations of the Proposed Methodology
5.1. Case Studies
Several case studies have used the proposed methodology. We will describe two such case
studies; the first was in London, United Kingdom and the second in Pampulha, Belo Horizonte, Brazil.
Haklay et al. (2018) describe the first case study on noise pollution mapping survey in Pepsy Estate
(Lewisham, London) [41], (pp. 8–9). The details of the case study are as follows:

•

•

•
•
•
•

System Analysis and Problem Identification: Noise pollution (grinding and banging) by a
recycling scrapyard within a neighborhood classified to contain 20% of the poorest in England.
The scrapyard is located near a residential area with a nursery and a primary school.
Stakeholder Analysis: Residents felt disempowered because their numerous complaints were
unanswered. The local government felt disempowered because the scrapyard was a recycling
facility which could only be regulated by the Environmental Agency (central government).
Step 1: Participatory collection of existing information regarding the issue.
Step 2: Identifying noise pollution as the key priority and an agreement on the kind of data to be
collected and a data collection protocol.
Step 3: Perception mapping of the citizen’s daily experiences with the noise nuisance.
Step 4: Data gathering using Class 2 Noise Meters in early 2008 (for more than eight weeks)
through a comprehensive survey to map the noise pollution. There were more than one thousand
individual readings from the area citizens on the dBA sounds and their perceptions of the noise
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(how it affected them). The data sheets were circulated and filled forms were collected on a weekly
basis. Feedback was provided on the quality of the data and the areas that needed improvement.
Step 5: GIS software was utilized to produce noise pollution maps. The qualitative information
on perceptions and the impact of the noise was digitized and visualized using graphs and charts.
The noise pollution mapping was grouped under: extremely loud, very loud, and loud. Based on
the visualized data, the noise pollution affected the Pepsy Estate residents living up to 350 m from
the recycling scrapyard, thus reducing their quality of life.
Step 6: A public community forum was held where the community presented their findings to
the Environmental Agency and the Lewisham Council. The meeting led to further investigations
by the Environmental Agency and increased scrapyard regulation to minimize the nuisance.

Zyngier et al. (2016) describe the second case study on the use of the Geodesign Hub to map
and visualize proposed urbanization and dynamic transformations in Pampulha (UNESCO World
Heritage site, Belo Horizonte, Brazil) [95]. The details of the case study are as follows:

•

•

•

•

•

•

•

•

System Analysis and Problem Identification: The need to balance socio-economic needs,
urbanization pressures, and environmental conservation and the preservation of a UNESCO
World Heritage site due to Oscar Niemeyer’s architectural work.
Stakeholder Analysis: Competing socio-economic, cultural, and environmental interests coupled
with increased population pressure. The pressure to urbanize the region with counter population,
cultural, social, and environmental pressures.
Step 1: In August 2015, the first iteration meeting consisting of 21 multi-stakeholders from six
interest groups was held to introduce the Geodesign architecture for Pampulha and to assess
existing information on the area and its needs and dynamics. The meeting also determined the
process of conducting the PGIS. The six interest groups were: residents, chamber of commerce,
developers, green NGOs, cultural heritage interest groups, and the local public administration.
Step 2: Identifying the territory for the CS. The stakeholders decided that the area would be larger
than the restricted zone (Niemeyer UNESCO World Heritage site). The PGIS covers the entire
Pampulha Regional Administration. Later, under the 2nd iteration (see Figure 6), the citizens
prioritized the system variables to be maintained, new variables that need to be introduced,
and agreed on the methodology.
Step 3: In 2015 and 2016 there was a perception mapping by the 21 multi-stakeholders from
six interest groups of the results of the 1st iteration through interviews, an online form, and video
recording. The perception mapping focused on the customized Geodesign system review.
One emerging issue was the introduction of new social variables and the deletion of some
previous variables. The feedback received from the interviews was later sent to the design experts.
Step 4: In early 2016, data was collected on citizen opinions on increased occupation of public
services, infrastructure, the distribution of socio-economic needs, and the empty spaces that are
not occupied.
Step 5: ArcGIS software was utilized to produce land use base maps. The maps were visualized
at three levels (representation, process, and evaluation). The exported data was visualized
with histograms for 14 systems (Housing; Applied volumetric density; public transport; income;
sanitary sewage; schools and health centers; urban dynamism/concentration of new constructions;
commerce, industry and facilities; vegetation; surface water; predominantly empty areas;
historical, cultural, and natural values; accessibility and capillarity and visual axis).
Step 6: The printed maps were distributed and the different groups provided input on where to
densify in the Pampulha Regional Administration. The information was later exported into the
digital maps. The group then went through a participatory process with the aim of reaching a
consensus on one land use proposal for Pampulha.
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A key lesson from the two case studies is the significance of the selected methodology in
5.2. Opportunities
determining the success of the CS initiative. The methodology may determine whether the stakeholders
The proposed methodology presents an opportunity for “doing science differently,… and
will reach a consensus or not. In the two case studies, consensus was reached mainly because
helping to redefine what it means to be a scientist” [34]. For Ukraine, the approach presents an
the stakeholders went through a targeted participatory process containing the three Principle 10

Remote Sens. 2018, 10, 1828

22 of 30

of the Rio Declaration pillars. All the case studies ensured that the citizens had access to the
environmental information, then a PGIS and CS platform was created where the citizen could
participate in GIS mapping and decision-making. Finally, the methodology ensured that citizens
could access social/environmental justice.
5.2. Opportunities
The proposed methodology presents an opportunity for “doing science differently, . . . and helping
to redefine what it means to be a scientist” [34]. For Ukraine, the approach presents an opportunity
to resolve the current risk governance challenge, ensure that the geological risk is well managed and
community vulnerability is reduced. The approach also introduces a new governance model where
the citizens are at the center of the decision-making.
At the European Union level, the methodology may create the following opportunities:
1.
2.
3.
4.
5.
6.
7.

Stimulation of trans-boundary and cross-sectoral co-creation initiatives;
Development of a European Union co-created and co-creation risk governance programme by
benchmarking of successful CS initiatives in DRR;
Create an innovation lab by the full participation of citizens in the post-2020 EU R&I programme
to increase demand for EU products and services;
Increase motivation of citizens to participate in CS through involving them in co-design and
testing of proposed planned solutions;
Active citizen involvement in monitoring and evaluation;
Inform the use of social media for policy reforms, agenda setting, and provision of real-time
recommendations and feedback; and
Encourage citizens to not only provide data but be the users of the data, through evidence-based
policy and decision-making with the aim of producing new forms of partnerships (e.g., Projects
for Policy (P4P)) [53], (p. 19).

The methodology also provides an opportunity to address the six main CS challenges, as stated in
the Introduction. First, the methodology engages the citizens as co-creators, decision makers, monitors,
and evaluators, to address the challenge of confining their role to data collection [36]. The citizens
determine the requirements for the CS platform and PGIS mapping. After that, the citizens actively
engage in data collection through an agreed data collection protocol. Afterward, the citizens use
the input to zone the Solotvyno area and determine the high, medium, and low-risk zones. Finally,
the citizens actively engage in the decision-making processes, monitoring, and evaluation. The citizens
also regularly update the CS system.
The second challenge concerning data quality [43–46], will be resolved by developing a data
collection protocol with the citizens and EO specialists to ensure that there is a balance between
robust data collection and less rigorous approaches. The protocol will incorporate the following
considerations: internet and phone availability, population, age, and work dynamics. Most importantly
the protocol will ensure that the PGIS maps seamlessly integrate into the official Solotvyno map.
The third challenge regarding data incompatibility [47,48] will be resolved by discussing the technical
specifications of the PGIS and CS with the relevant EO scientists to ensure that the PGIS maps can easily
integrate into the official Solotvyno map. The system analysis and the agreed data protocol will ensure
seamless integration of the PGIS map and data. Facilitating co-creation of the PGIS maps provides an
opportunity for increased citizen motivation and engagement [49,50]. The citizens will provide the
requirements for the CS and PGIS, thus increase their motivation, thereby addressing the fifth challenge
regarding sustainability issues (citizen retention and participation) [5,51]. We seek to address the final
challenge regarding legal matters related to licensing, privacy, and ethical concerns [52] through the
participatory all-inclusive co-creation process. As discussed earlier, the citizens will determine the level
of privacy of the databases and other legal issues will be addressed through the participatory process.
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5.3. Limitations
Notwithstanding the numerous opportunities discussed in Section 5.2, the methodology may face
some limitations. Empowering citizens to take their rightful place in EO policymaking processes is
challenging. In the case of Solotvyno, we foresee some limitations. First, the methodology proposes
a change in the governance system from top-down to bottom-up. Governance changes call for a
paradigm shift and a change in the current power distribution and dynamics. The methodology is
supported by decentralized systems of governance where the allocation of resources is to the lowest
competent governing authority. This change takes time and may involve power struggles between
different stakeholders. Therefore, if the CS is perceived as a threat to power and a drastic departure
from the status quo, it might not be supported by the powerful and influential stakeholders.
Second, the approach seeks to empower citizens with information and GIS-based tools that enable
them to collect consistent data to seek environmental justice. The methodology requires a change in the
mental models of both the governed and the government. The citizen mental model needs to shift from
entirely disempowered towards using the available political space (no matter how small) to influence
policy. On the other hand, the government needs to acknowledge the role of other stakeholders in
decision-making. This change process may or may not occur.
Third, the methodology requires cooperation and trust between the various stakeholders.
Cooperation can be achieved at the initial stages through power. However, a favorable environment
should be created to nurture trust formation. The data collected by the citizens and the EO specialists
is ordinarily sensitive information, and some level of trust would facilitate the data sharing process.
At the implementation level, we foresee some limitations as mentioned in the paper. There are
too many competing interests and diverse risk perceptions that need to be managed. Also, there
are practical challenges related to: internet and smartphone issues, legal issues related to privacy,
and sustainability challenges after the project closure. All the foreseeable limitations have already been
discussed, and steps have been taken to mitigate the risks and address the limitations.
The adopted methodology will be adjusted through successive iterations to address some of the
foreseen limitations and ensure that the project objective is met and the CS platform is sustained long
after project closure.
6. Conclusions
Expert-driven and community-driven approaches need to be integrated to develop holistic and
effective DRR strategies. Experts provide domain-specific knowledge about hazards, risks, and their
potential impact, along with potential solutions for addressing these issues. On the other hand,
communities can provide a continuous stream of information regarding the risks as they evolve and
change over time as input to the experts. Communities also play a critical role in the adoption and
advocacy on the implementation of DRR measures. While this combination would provide both a
comprehensive, in-depth, and broad sustainable approach to DRR strategy development, there are
limited methodologies to guide the implementation of the CS approach.
In this paper, we design a methodology of participatory GIS risk mapping and CS for the
Solotvyno salt mine in the Transcarpathia region in Ukraine. The methodology consists of three main
parts: system analysis; stakeholder analysis; and a six-step methodology for participatory GIS and CS.
The six-step methodology is iterative and flexible to allow for changes and improvements.
The initial step is the introduction of the existing information on the Solotvyno salt mine to all the
relevant stakeholders during an initial meeting. This information will be collated beforehand and made
available online before the initial meeting. The second step is a discussion of the Solotvyno risk maps
developed in the first phases of the project with the community and setting priorities. The community
at this stage will assess whether the maps are sufficient, additions/revisions needed, who should
add/revise it and how. A critical tool that we will develop at this stage is the data collection protocol to
ensure consistent and robust data collection in the right mode and taking into account age, population,
work hours, and data integration dynamics. The third stage is general risk mapping. In this stage,
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paper maps will be distributed to all the households and volunteers will visit the households and
conduct the risk perception mapping and record the information in a shared online community map.
The fourth stage will be the digitization, visualization, and discussion with the community about
the data sharing preferences (open or password protected until a particular stage). The fifth stage
entails community risk evaluation, risk map zoning, and risk treatment. The community will decide
whether to avoid, mitigate, transfer, or accept different risks. The final stage is the design, testing,
and final launch of iSOLOTVYNO. iSOLOTVNO is the online joint decision-making tool and map.
The iSOLOTVYNO decisions are whether to eliminate, substitute, engineer, isolate, or administer
already identified geological hazards.
We will implement the methodology during the project’s lifespan of two years (1 March 2018
to 29 February 2020). This paper is an initial publication of the current ongoing research for the
ImProDiReT project. Future research will focus on the implementation of the six-step methodology.
The research will also be informed by the project-developed risk maps and the ongoing risk awareness
processes, within and outside the ImProDiReT project.
Supplementary Materials: More information about the ImProDiReT project and additional materials are available
in the Appendix A and on the project website: www.improdiret.eu.
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Appendix A. The ImProDiReT Project Summary and Intended Audience for Deliverable 3.1
Appendix A.1. ImProDiReT Project Summary
The ImProDiReT project was launched in March 2018 with a lifetime of 24 months and it aims to
empower communities within the Transcarpathian region in Ukraine with innovative socio-technical
solutions to reconnect them, and support them in responding to, and recovering from crisis situations.
The project’s primary objective is to enhance community-based decision-making, assisted by automated
methods for real time, crowd-sourced data collection, and monitoring.
Since the collapse of the Union of the Soviet Socialistic Republics (USSR) the logical connections
between Ukrainian institutes and institutions with relevant data on hazards and risk of disasters and
the local and regional administration were disturbed. An open, transparent exchange of information
has become increasingly difficult at all levels, also in addressing cross-cutting issues. The UCPM
Scoping mission to the Solotvyno noted this as a significant obstacle to come to a proper, all-inclusive
assessment. In respect to the SENDAI framework, problems can be seen in the field of understanding
risks, risk reduction governance, and investing in risk reduction management.
This document forms deliverable D 3.1 “State of the Art analysis”. As part of Work Package 3
(WP3), this deliverable focus on the establishing transparent risk evaluation and joint decision-making
approach. The focus of WP3 is on establishing these approaches through examining best practices,
academic literature, and drawing on the work from the other work-packages. Additionally,
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WP3 operates in conjunction with the other work-packages-extensive field visits and interviews
to complement the findings and develop novel and appropriate methods for involving various
stakeholders in the decision-making process. This first deliverable presents the State of the Art
and is a result of an explorative effort to identify and evaluate different existing methods for joint
decision-making approaches in risk reduction efforts.
Appendix A.2. Intended Audience
This deliverable is first and foremost intended to lay the groundwork for the follow-up activities
in Work Package 3, to develop a joint decision-making approach and transparent risk evaluation
methodology. Furthermore, it provides other consortium members insights in the direction of the
ongoing developments in this Work Package, specifically to bridge the activities in Work Package 1
(Mapping) and Work Package 4/5 (development of an action plan), as described in the Plan of Action.
However, the results from the ongoing work in this WP as they are presented in this deliverable
also provides valuable insights in bringing together the work in the DRR domain, risk evaluation
approaches, citizen engagement, and participatory systems.
Table A1. Readers of Deliverable 3.1 and Rationale for Reading.
Group of Readers

Rationale for Reading

1. ImProDiReT consortium

The deliverable builds on the work that has been conducted in WP1 and WP4,
along with the own fieldwork presented. The results of the work presented in
this deliverable also inform future work in other work-packages. Specifically,
the application of the method in WP4 and WP5.

2. Regional stakeholders.

The results of the deliverable will be shared and validated in the upcoming
platform meeting. Furthermore, the method relies heavily on the involvement
of local stakeholders. Finally and most importantly, the regional stakeholders
will be the end-users of the proposed approach

3. Emergency management &
Disaster Risk Reduction
agencies

This deliverable examines existing DRR approaches and implementing
measures in a complex stakeholder landscape. While the local circumstances
can differ, the findings and method described in this deliverable can also be
applied by DRR agencies and Emergency Management authorities and
tailored to their region.

4. Policymakers

Joint decision making and engaging citizens in the DRR process is a critical
element of the ImProDiReT project. This deliverable provides the rationale
and narrative for policy and decision makers to move towards a more
collaborative approach.

5. Academia

The analysis presented in this deliverable combines concepts from the
Disaster Risk Reduction (DRR) domain with elements from the participatory
systems. Building on existing domain knowledge, new insights are presented
combining these fields to empower and engage citizens

Appendix B. List (with Links) of Interviews Conducted in Uzhhorod and Solotvyno in
August 2018
1.

Link to Interview One:
Date: Thursday the 9th of August 2018 and Friday 10th of August 2018
Interviewee: Mr. Janos Kocserha, the Deputy Mayor of Solotvyno Municipality.

2.

Link to Interview Two:
Date: Wednesday the 8th of August 2018
Interviewee: Mr. Demianchuk Vasyl, the Head of the Tyachiv District State Administration

3.

Link to Interview Three:
Date: Tuesday the 7th of August 2018 at 0900 h
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Interviewee: Mr. Viktor Mikulin the Deputy Head of Regional State Administration (https://
carpathia.gov.ua/storinka/kerivnyctvo)
4.

Link to Interview Four:
Date: Thursday the 9th of August 2018
Interviewee: Two former Solotvyno salt miners

5.

Link to Interview Five:
Date: Thursday the 9th of August 2018
Interviewee: Mr. Palat Vladimir, the Managing Director of the Solotvyno Spa Speleocenter

6.

Link to Interview Six:
Date: Tuesday the 7th of August 2018 at 1100 h
Interviewee: Ms. Oksana Fentsyk the Deputy Head of the Regional Ecological Inspection (https:
//carpathia.gov.ua/view_company/726)

7.

Link to Interview Seven:
Date: 6th of August 2018 at 1430 h
Interviewee: Ms. Myrochnyk Tamara from the Regional Water Directorate (BUVR Tysa river)
(http://buvrtysa.gov.ua/newsite/)

8.

Link to Interview Eight:
Date: Monday the 6th of August 2018 at 1130 h
Interviewee: Mr. Roman Zayats from the State Emergency Service (SES) of Ukraine (http:
//zk.dsns.gov.ua/)

9.

Link to Interview Nine:
Date: Friday the 3rd of August 2018 at 1100 h
Interviewee: Mr. Haidur Mykhailo and Mr. Shpontak Yirii from the Transcarpathia State regional
Administration (http://ecozakarpat.gov.ua/)
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best risk evaluation approach for a specific social-technical context. We develop the risk evaluation
decision-aiding methodology that helps identify the best risk evaluation approach for Solotvyno.
Solotvyno is a small village situated on the border of Ukraine that faces the risk of land subsidence
due to the flooding of the salt domes. In order to identify the most suitable approach, we reviewed
multiple existing approaches. After an intensive literature review, we arrived at four possible risk
evaluation approaches, namely: German Advisory Council on Global Change (WBGU), the Th.
Plattner approach, The predictive, Bayesian risk classification scheme (PBRC Scheme) and the
Pollard approach. We made comparisons between the different approaches. After analysing each
approach, we concluded that the two approaches: WBGU and PBRC, are the most suitable in the
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1.

Introduction

There are many different definitions of risk by researchers from diverse disciplines. By some, it
is the likelihood of occurrence of an event [1], for others, it is the consequences of an event [1, 2] while
others combine the two elements [3]. Other researchers define risk as uncertainty about the
occurrence of an event and the damage that might be incurred [4]. Various researchers propose one
common definition that entails both the likelihood of occurrence of an event and its possible
consequences [1, 4]. By combining these descriptions, we define risk as the likelihood of an event
occurring and the severity of its consequences. To clarify this definition, we provide two examples,
as follows:
1. The likelihood of dying because of a plane crash is so low that it is almost pointless to quantify.
However, the consequences in terms of loss of life, economic losses coupled with the
environmental impacts, are extremely large; hence, it is still perceived as a risk.
2. The likelihood of a child falling during their first bicycle ride is high; however, the consequence
is may not be severe. In this case, it is also perceived as a risk because the likelihood is high.
A person may decide to accept the risk of dying in a plane, or a child may decide to accept the
risk of falling during their first bicycle ride. These decisions are known as risk-taking decisions. Risk
evaluation is known as the process of deciding whether to accept, tolerate or avoid a risk. In this
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paper, we define risk evaluation as making judgments regarding the tolerability and acceptability of
a particular risk, depending on whether risk reduction measures are needed.
Risk evaluation is the third phase in risk governance [3]. The four phases of risk governance are
pre-assessment, risk-appraisal, risk evaluation and risk management. Figure 1 visualizes this process.
The main goal of risk evaluation is to determine the tolerability and the acceptability of a given risk,
based on the scientific evidence collected in the risk appraisal phase and societal values [3, 5-7].
Tolerability refers to a willingness to live with a particular risk as long as taking the risk is worth it
and the risk is adequately controlled [8]. Acceptability only occurs when there is no need to take risk
reduction measures to ensure safety [9]. Risk reduction measures only apply to tolerable risks.
Acceptable risks do not require risk reduction measures. In the case of intolerable risks, the risk
reduction measures outweigh the benefits of tolerating the specific risk.
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Figure 1. IRGC Risk Governance Framework. Source: Risk Governance Towards an Integrative
Approach (Source: Ortwin Renn, 2005).

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Risk evaluation takes place after risk appraisal and before risk management. Risk appraisal
contains two sub-phases: risk assessment and concern assessment. At the risk assessment subphase the identification, describing, mapping and analysing of each hazard takes place according to
its likelihood of occurrence and its consequences should a disaster occur. Afterwards, we assessed
exposure and vulnerability and estimated whether the risk is high, moderate or low [6]. Analysing
vulnerability takes place during the concern assessment sub-phase and entails risk perceptions, social
concerns and socio-economic impacts. Thus, the risk appraisal phase gathers evidence on the hazard
(risk assessment), exposure (risk assessment) and vulnerability (concern assessment).
Risk evaluation is a sub-phase of the tolerability and acceptability judgement phase and occurs
before risk characterisation. In categorisation the creating of risk profiles take place, judgments on
the seriousness of risk are made, and risk reduction options are taken into consideration. After the
judgement of tolerability and acceptability, risk management takes place. Tolerability and
acceptability judgments are critical in deciding whether there is a need for risk reduction measures.
Research indicates that individual risk-taking decisions are dependent on the nature of the risk
and the societal context [10-14]. A person may choose to avoid, accept, transfer, mitigate or exploit a
risk, based on the likelihood and consequences of the risk and their social context [12]. Kasperson
[10] explain that the context a person is in affects their decision and preferences. Müller and Rau [12],
conclude that the social context, the societal preferences and the level of heterogeneity of a particular
risk affects the individual decision whether or not to take the risk. This research demonstrates that
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“people’s choices are not only context-dependent but are sensitive to their degree of inequality
aversion” [12], (p. 116). Li and Yu [11] explain context-dependent choice using the foraging theory to
explain the persistence of choice behaviour and provide insights regarding “unchosen alternatives”
[11], (p. 170). Therefore, choosing a specific risk evaluation approach for a particular social context
may be better than using the same approach in any context.
Furthermore, in some social contexts determining the likelihood and consequences of a
particular risk is highly uncertain. These social contexts are known as complex socio-technical
systems. Onencan [15], (p. 1) explains that “socio-technical systems emphasise social (actors,
networks, organisations) and technical systems, in the design, analysis and systems operation.”
According to Sheard [16] complex systems
“do not have a centralising authority and are not designed from a known specification, but
instead involve disparate stakeholders creating systems that are functional for other purposes
and are only brought together in the complex system because the individual “agents” of the
system see such cooperation as being beneficial for them.”
Solotvyno municipality, which is the selected case study in this paper, qualifies as a complex
socio-technical context because of the following qualities:
We selected Solotvyno because of her specific socio-technical situation. It is a small village
situated in the Tyachev district of the Transcarpathian region of Ukraine that faces the risk of land
subsidence due to the flooding of the salt domes. It is located close to the border with Romania, on
the right bank of the Tisza River. The Carpathian sea deposited kilometres of high-quality salt many
mega-annums ago [17]. Since the 1790s, salt has been mined in this area [18]. This process remained
uninterrupted because there was clay protecting the upper part of the salt-dome [19]. To enable salt
mining in the upper part of the salt-dome, the mining company removed the protective layer. In 1908
water began to filtrate the galleries, thereby dissolving the salt leading to flooding in the salt-mines
[17]. This led to the formation of Lake Cunegunda [18]. The mines flooded and the water slowly
moved into the cavities, dissolving the salt and the land slowly subsided. As a result of the eroded
rock salt domes the ground subsided, and in some parts collapsed, leading to deformation of several
houses [18]. Looking at those consequences, it becomes clear that the salt mining has created certain
risks. Because of this risk, risk evaluation is needed to judge the acceptability and tolerability.
One key challenge facing disaster risk reduction (DRR) is decision science neither provides
guidance nor a universally accepted methodology to select a suitable risk evaluation approach, for a
particular complex socio-technical system [20]. While we know that different social-technical contexts
need different risk evaluation approaches, it is difficult for DRR experts to choose between various
existing methods. Also, though various risk evaluation approaches exist, very few have been tried
and tested in various complex socio-technical contexts.
The absence of a single, empirically verified and universally accepted methodology for selecting
the appropriate risk evaluation approach for a select complex socio-technical context, is a significant
challenge. The existing risk evaluation approaches have fundamental differences in terms
The main goal of this paper is to design a methodology for selecting the most suitable evaluation
approach for a given complex socio-technical context. The selected complex socio-technical context
is situated risk governance of Solotvyno municipality.
The main question that we seek to answer in this paper is: “How do you develop a methodology
to identify the best risk evaluation approach for a specific social-technical context?”. To answer the
research question, we developed a methodology to identify the best risk evaluation approach for
Solotvyno. Due to the different existing approaches, there must also be a method that guides DRRexperts in choosing one. The purpose of this paper is to design this method.
In order to find a suitable risk evaluation approach for Solotvyno, we analysed multiple existing
approaches and selected four possible risk evaluation approaches that matched our definition. These
four approaches are the approach by the German Advisory Council on Global Change (WBGU), the
Th. Plattner approach, The predictive, Bayesian risk classification scheme(PBRC scheme) approach
and the Pollard approach [5, 21-23]. The four approaches were compared based on various criteria,
and two approaches: WBGU and the PBRC Scheme were found to be most suitable for Solotvyno
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municipality. The results are useful for direct application, in the case of Solovtyno, regarding the
subsidence risk. However, the methodology can also be used by researchers to identify the most
feasible risk evaluation approach for a particular socio-technical context.
This paper is structured as follows. Section two presents the analytical framework. After that,
the method of the literature review and the literature review process. Section 4 contains the results,
including the strengths and weaknesses of the different approaches. Section 5 discusses which
approach is considered most suitable for Solotvyno.
2.

Towards a Risk Evaluation Decision-aiding Criteria

The goal of risk evaluation is to determine the tolerability and the acceptability of a given risk [5]. To
determine which approach is most applicable to the Solotvyno case, the different approaches must
be assessed to decide whether they aid in reaching the primary goal for the evaluation for that
particular context. Most DRR experts use a criterion to determine the tolerability and acceptability of
a risk [24-26]. Those criteria are useful for defining the exact format of the parameters used for
decision making [27]. Use of criteria is preferred by DRR experts who seek clarity and structure to
present the results and their analysis. For this paper, we selected to use the risk acceptance criteria to
present the results, including the comparisons between the different approaches.

2.1. Existing Risk Evaluation Criterion

150
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To be able to assess the approaches with the use of risk acceptance criteria, firstly the existing risk
acceptance criteria will be explained. Various researchers came up with risk evaluation criteria that,
according to their research, should be included in an approach in order to correctly evaluate risk. In
the following paragraphs, the risk evaluation criteria of 3 researchers will be explained.
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2.1.1 The Health and Safety Executive criterion (HSE criterion)
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The HSE is an organisation with the mission to prevent work-related death, injury and ill health.
HSE’s roots stretch back to 1833 and with expertise in risk assessment. The Health and Safety
Executive (HSE) [28] propose three criteria for determining the tolerability and the acceptability of a
given risk: the equity-based criterion, the utility-based criterion, and the technology-based criterion.
The equity-based criterion starts the premise that all individuals have a right to minimal
protection. The criterion can be implemented by establishing a maximum limit above which no
individual can be exposed in order to ensure minimal individual safety.
The utility-based criterion regards to the trade-off between the costs and benefits of taking
measures to reduce risk. It is the process of determining if the benefits resulting from the measures
are worth the required investment. According to French et al. (2005, Ref. 15), the costs linked to a risk
can be divided in three parts, i.e. (i) the costs linked to safety (implementation of risk reduction
measures); (ii) the costs linked to the impacts of the risk on the workers (professional diseases and
accidents); and (iii) the costs linked to the consequences of the risk to the public.
The technology-based criterion indicates if there is already a way to reach acceptable or tolerable
risk through the use of practices such as standards and professional practice. The danger of this
criterion is the fact that it can lead to ignoring the costs related to using those standards and practices.

172

2.1.2 Vrijling, Hengel and Houben criterion

173
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J.K. Vrijling, W. van Hengel and R.J. Houben are three engineers from the faculty of civil
engineering, which is a faculty of the Technical University of Delft. Research done by J.K. Vrijling,
W. van Hengel and R.J. Houben [29] revealed that there are two points of views in studies of the
acceptability of risk. The first point of view is that an individual weighs risk against direct and
indirect personal benefits. In other words, the decision to accept risk has a cost/benefit character. This
point of view leads to the personally acceptable level of risk with this proposed definition by Vrijling
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et al. [29] : “The frequency at which an individual may be expected to sustain a given level of harm
from the realisation of specified hazards.” The second point of view is the degree of voluntariness
with which the decision is taken, and the degree of risk endured. Although the societal decisionmaking process weighs the social benefits against social costs, including risk, this process of appraisal
is not easily made explicit.

184

2.1.3 Kasperson criterion
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Roger E. Kasperson is an American risk analyst, research Professor and a Distinguished Scientist.
In the research called acceptability of human risk, Roger E. Kasperson states that the following five
contexts or comparisons are paramount for judging risk acceptability: the risk as compared with
natural background, the risk compared with other risks prevalent in society, the risk in the context of
the magnitude of associated benefits, the costs of risk reduction, and the risks of available substitutes
[9]. The risk as compared with natural background suggests an increment to risk afforded by
performing a specific activity. The second comparison is the risk compared with other risks prevalent
in society. For example the comparison between risks previously determined to be tolerable by a
particular risk guardian. The third context that Kasperson mentions is the risk in the context of the
magnitude of associated benefits. Together with the fourth context of the costs of risk reduction, this
is seen as a trade-off between costs and benefits. The final analysis involves the examination of risks
of available substitutes. Actions designed to reduce risks sometimes create new and perhaps more
considerable risks.

199

2.2 The Risk Evaluation Decision-aiding Criteria
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To arrive at a extensive set of criteria, we included all three of the studies above. After compiling all
the criterion from the three studies, we ended up with a total of 9 risk acceptance criteria. We have
merged the corresponding criteria to create a clear structure. Figure 2 shows which criterion are
merged.
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We identified nine elements combined into three criteria. The aim is not to find the approach
that includes the most elements, but the approach that includes all the most critical elements for
Solotvyno municipality. That is why it is crucial that we first explain how unique Solotvyno is and
why it is necessary to look for a specific approach.
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2.2 Uniqueness of Solotvyno and the Risk Evaluation Criteria
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Every case has its own set of essential elements that should be included in the risk evaluation
approach [12]. Hence, the risk is created by various actors who sometimes benefit from this risk while
other people living in Solotvyno bear the risks. The fact that people benefiting are benefitting from
the risk makes the case more complex, and that is why it requires a particular approach. When an
actor concludes that it is more beneficial to take the risk, he accepts the risks and tries to manage it
instead of mitigating it [30].
The criteria of costs related to risk reduction is vital for Solotvyno as well. There was less
allocation of money to manage water in the mine when the Russian government was no longer

Figure 1. Merging of the criteria
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managing the mines [17]. Even more important are the costs of filling the created holes, reclaiming
the land and removing the objects that have remained of the mining shafts. Therefore, the costs
related to risk reduction do have a significant impact on the risk level in Solotvyno.
The risk in the context of the magnitude of associated benefits is also particularly relevant for
the Solotvyno case. is due to approximately the same reason as with the first element, namely the fact
that some people benefit from the cause of the risk.
The degree of voluntariness element also has to be considered because some inhabitants
accepted the risk by continuing to either live or conduct business in the high-risk zones. Even though
the inhabitants are free to move wherever they want, their options are limited if they cannot find a
job, a suitable school or place of worship, in the new place, so they choose to stay in Solotvyno. Mishra
et al. [31] created a place attachment scale, which consists of 18 items to assess the level that a person
is attached to a specific place [31]. This elements in the scale explain various reasons why the
Solotvyno inhabitants could choose to stay[31]. By the place attachment scale, literature review and
the interviews conducted in Solotvyno, the inhabitants of Solotvyno feel attached to the place, due
to:
1. The inhabitants are of mixed origin, and Solotvyno is the only place that they do not feel the
pressure to integrate. The municipality governance structure has taken account of the
complexity of its inhabitants and supported the emergence of nationality-based schools,
multiple religious places and
2. The main burial site is on a hill where most of the inhabitant’s forefathers are buried, and they
need proximity to the place to visit their deceased loved ones regularly and later would like to
be buried next to their forefathers. Relocation would reduce the chances of being buried with
their family, and they cannot move with their deceased loved ones.
3. Its proximity to the Romanian-Ukrainian border, which provides a livelihood to some of them
through cross-border trade.
4. The inhabitants have friends and relatives living there who provide emotional and financial
support.
5. The inhabitant’s own houses and businesses in that place and some are extremely big and
expensive.
6. There is a booming business every summer, at the recreational area, where the Salt Lakes are
located.
7. It is a small municipality and people know each other by name, which makes it home for the
inhabitants.
The place attachment indicators show that most of the current Solotvyno inhabitants prefer not
to leave their current environment [32]. Because there may be cases where individuals and groups
accept the risk when serious risk reduction measures have to be taken, this risk is a problem.

3.

Materials and Methods

In this method section, we have extensively described the steps we took to develop the
methodology, the choices we made and the rationale. This study used a systematic literature review
in order to investigate past research that developed a qualitative risk evaluation approach. It was
decided to focus on non-mathematical approaches so that the research did not become too extensive
and we were able to finish it in the given time. During a systematic literature review, it is imperative
to stay critical and focused because not all sources and articles are reliable [33].
We first looked up and compared different definitions of risk. Then we derived a set of keywords
that we chose to use as consistent search terms when searching all resources [33]. The search terms
we have used are: risk (A1), risk definition (A2), risk probability (A3), risk consequence (A4), define
risk (A5) and what is a risk (A6).
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After defining risk, we needed to explain the risk governance framework, so we searched for
risk articles that included a detailed explanation of this process. We decided to use one of the articles
that we already found during our search for definitions of risk.
In order to compare different community-based risk evaluation approaches, we had to find the
existing approaches. We used a third set of search terms to find articles on community-based risk
evaluation approaches. This last set consists of the search terms: risk evaluation approaches (B1),
community-based risk evaluation (B2), community-based risk evaluation approaches (B3), risk
evaluation methods (B4) and criteria for evaluating risk (B5). To narrow down the publications, We
have combined those terms with disaster, hazard or natural hazard.
In order to find studies about the risk, we have used five different electronic databases, namely:
1. Google Scholar
2. Scopus
3. ScienceDirect
4. SpringerLink
5. JSTOR.
We used those databases because all of them contain a lot of scientific papers that can be of great
value to our research. Error! Reference source not found. summarises all the strategies used for f
inding evaluation approaches and the outcome.
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Table 1. Search strategies for evaluation approaches.
Keywords

("risk evaluation approaches" OR "community-based risk
evaluation" OR "community-based risk evaluation approaches"
OR "risk evaluation methods" OR "criteria for evaluating risk")
AND ("disaster" OR "natural hazards" OR "hazards")

Databases

Search
outcome

Google
Scholar

1010

ScienceDirect

190

SpringerLink

177

Scopus

74

JSTOR

5

Last date of
search
01/05/2019

290
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297

In total, we obtained 1456 publications from searching for electronic databases. To filter the right
articles from the first set of publications, a selection was made based on the title of the publications.
We looked at whether the title was related to the research subject.
Establishing inclusion and exclusion criteria for study participants is a standard, required
practice when designing high-quality research protocols [34]. Table 2 presents the inclusion and
exclusion criteria used for this systematic review. There was no restriction applied to the date of
studies sampled, and we searched all databases for studies published up to 01/05/2019.
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Table 2. Inclusion and exclusion criteria
Inclusion criteria

•

Publications must be peer-reviewed
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Publications that describe risk evaluation and not risk analysation or risk
identification
Publications that describe a specific usable approach
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Publications that describe a part of risk assessment that is too specific
Publications that are not written in Dutch or in English
Publications that are only available as abstract

•

Exclusion criteria
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To make sure the articles are valid and reliable, we restricted the search to peer-reviewed articles.
Furthermore, because we are researching risk evaluation approaches, the approaches must be risk
evaluation approaches and not risk assessment approaches. To assess whether an approach was for
risk evaluation, we checked whether the approach considered the evidence only or evidence and
values. We also eliminated the publications that were not Dutch or English and the articles that we
could not access the full copy while scanning the titles. Abstract only articles were excluded because
we needed a detailed explanation of the different approaches.
After this step, the number of relevant publications reduced from 1456 to 40. We then read the
abstract of all 40 articles, and on that basis, we selected the relevant articles. After reading all the
abstracts and eliminating unsuitable publications based on the exclusion criteria, we arrived at only
12 articles. Because 12 articles are relatively few, we decided to use the snowballing method.
We started with backward snowballing, which means identifying relevant publications from the
reference list of the most relevant publication that passed the quality assessment step. When we
finished backward snowballing, we applied forward snowballing [35]. Forward snowballing implies
checking the publications that cite publications that are considered relevant and passed the
assessment step. All the papers that we found through snowballing underwent the same assessment
step, as mentioned earlier in the section.
After the snowballing, we had 23 articles found via the search terms and four articles extra that
we came across during the research. Those remaining articles’ full texts were read to arrive at the
final selection. Figure 2 is a visualisation of the selection process.

Figure 2. Article selection flow chart
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Some of the publications we found included a risk evaluation approach. Because the research
aims to identify which approach suits the Solotvyno case, we also searched for requirements for an
effective risk evaluation approach. Therefore, we searched for publications that included criteria that
could are used for determining the tolerability and the acceptability of risk. Using the search term
“risk acceptance criteria,” we found three relevant and peer-reviewed articles.
In sub-section 2.2, we selected nine sub-criteria to use for determining the tolerability and the
acceptability of risk comprising of 3 main criteria.
After that, we analyzed whether each of the nine elements in the Risk Evaluation Decision-aiding
Methodology Those elements are placed in the rows of table 3, and the approaches are the columns.
When we concluded that an approach takes an element into account, we placed a checkmark in the
row of that element.

335

4.

336

4.1 Risk evaluation approaches

337
338

Results

In this section we explain the found approaches in detail. All criteria will be checked and
explained to enable a good comparison of the approaches.

339

Table 3. Risk evaluation approaches
Approach

WBGU

Th. Plattner approach

PBRC Scheme

Pollard approach

340
341
342
343
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347

10 of 22

Main factors
Nine criteria: Extent of damage, Probability of occurrence,
Extent of damage, Incertitude, Ubiquity, Persistency,
Reversibility, Delay effect, Violation of equity, Potential of
mobilisation

Six criteria: Voluntariness, Reducibility, Knowledge,
Endangerment, Extent of damage, Frequency of event

Nine characteristics: Potential consequences, Uncertainty
about consequences, Ubiquity, Persistency, Delay effect,
Reversibility, Violation of equity, Potential of mobilisation and
the difficulty in establishing appropriate performance
measures.

Seventeen criteria: Stock at Risk, Knock-on Effects, Spatial
Extent, Heterogeneity, Spatial Extent, Sensitivity of Receptor,
Severity of Effect, Temporal Extent, Latency, Accumulation,
Reversibility, Scarcity, Notoriety, Unfairness, Imposition,
Distrust.

Reference

Klinke and Renn
[5]

Plattner [23]

Kristensen, Aven
[21]

Pollard,
Davidson [22]

Table 3 shows the risk evaluation approaches that we encountered during the literature review.
All the approaches make use of a variety of criterion to evaluate a given risk. These approaches can
be considered as risk evaluation approaches because they do contain de societal aspects as well as
the technical aspects of risk. To find out which approach is most applicable to the Solotvyno case, we
must analyze the approaches on their strengths and weaknesses, and then the best fit for the
Solotvyno must be determined.
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4.2 Selected Risk Evaluation Approaches
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First, we will briefly explain the approaches that were found during the literature review to gain
a better understanding of all the approaches and their purposes. For each approach, the risk
evaluation criterion will be explained.
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4.2.1 WBGU approach
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Klinke and Renn decided that they wanted to include more criteria than the classic components
such as the extent of damage and the probability of occurrence. To find more criteria they looked into
the researches of Boholm in 1998, Sjöberg in 1999, Slovic in 1987 and 1992 and Rohrmann & Renn in
2000. The result was a long list of criteria that was not identical for different groups. The WBGU had
addressed this problem by involving many experts in finding the most suitable criteria. These criteria
ended up to be: the extent of damage, probability of occurrence, the extent of damage, incertitude,
ubiquity, persistency, reversibility, delay effect, violation of equity and potential of mobilisation.
The extent of damage is about the adverse effects in, for example, the number of deaths or the
number of injured. The probability of occurrence is an estimate for the relative frequency of a discrete
or continuous loss function. Incertitude is the umbrella term for all uncertain components. Ubiquity
indicates the degree of the geographical spread of potential damages and persistency indicates the
degree of temporal spread of potential damages. By reversibility we mean the possibility to restore
the situation to the state before the damage occurred. The delay effect describes the delay between
the activity and the actual impact of that activity. Violation of equity is about the discrepancy between
those who enjoy the benefits and those who bear the risks.
Klinke and Renn decided to divide the potential of mobilisation criteria into four major elements:
1. Inequity and injustice associated with the distribution of risks and benefits over time, space, and
social status (thus covering the criterion of equity).
2. Psychological stress and discomfort associated with the risk or the risk source (as measured by
psychometric scales).
3. Potential for social conflict and mobilisation (degree of political or public pressure on risk
regulatory agencies).
4. Spill-over effects that are likely to be expected when highly symbolic losses have repercussions
on other fields such as financial markets or loss of credibility in management institutions.

379

4.2.2 Th. Plattner approach

380
381
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In his research, Plattner suggests that evaluation criteria can be used to compute the perceived
individual risk and acceptable individual risk. The factors he found focuses on natural hazard risk
perception on the individual level. We compiled the list of factors The list of factors based on the
literature on risk perception. The factors found were then presented to a group of experts who
selected the most relevant factors. The factors found are as follows: voluntariness, reducibility,
knowledge, endangerment, the extent of damage and frequency of the event. Some of those factors
have a slightly more extensive meaning; Table 5 shows what each factor represents.

388

Table 4. Th. Plattner evaluation criteria
Evaluation criteria
Voluntariness:

Reducibility:

Represents
Voluntariness

Reducibility,
Predictability,
Avoidability
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Familiarity,
Knowledge about risk,
Manageability

Controllability,
Number of people affected,
Fatality of consequences,
Distribution of victims,
Scope of area affected,
Immediacy of effects,
Directness of impact
Extent of damage
Frequency of event

Endangerment:

Extent of damage:
Frequency of event:
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4.2.3 PBRC Scheme
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Kristensen and Aven criticised the WBGU approach of Klinke and Renn. Their main point of
critique was related to the understanding and meaning of what risk is. Kristensen and Aven present
a Bayesian risk classification schema based on the WBGU schema, which they believe therefore is
considered as a modified version of the WBGU schema. The PBRC schema consists of nine
characteristics. Some of the characteristics are taken directly from the WBGU schema, some are
modified, and some are new. The nine proposed characteristics are potential consequences,
uncertainty about consequences, ubiquity, persistency, delay effect, reversibility, violation of equity,
the potential of mobilisation and the difficulty in establishing appropriate performance measures.
We will only discuss the modified and new characteristics in detail, for the other character see section
3.2.1. The two characteristics: potential consequences and uncertainty about consequences are the
two key characteristics, while the other seven characteristics are used to describe aspects of these two
characteristics. The potential consequence is indicated with observable quantities like the number of
fatalities or the number of injuries. Factors such as variability in humans, animals, plants and
technical systems; systematic and random measurement errors within the data used as background
information; indeterminacy resulting from a genuine stochastic relationship between cause and
effects etc. should all be taken into consideration when assessing the uncertainty about consequences.
A new characteristic that Kristensen and Aven included is the difficulty in establishing appropriate
performance measures. This characteristic is included in order to represent this aspect of risk
assessment. They recommend qualitatively describing this characteristic so the experts can give their
opinion about the appropriateness of the selected quantities or measures on a scale from, for example, 0
to 10.
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4.2.4 Pollard approach

414
415
416
417

The Pollard approach consists of 17 attributes that are classified according to those characterising the
physical properties of the harm and those characterising the social response or valuation of the harm.
We will briefly explain each of those attributes:

418

Table 5. Explanations of the Pollard attributes

Attribute

Explanation
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Stock at Risk
Knock-on Effects

Spatial Extent

Heterogeneity
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Represents a valuation of the overall harm, either in
economic terms of in terms of numbers of receptors.
Reflects that harm to one receptor may affect the
wellbeing of another receptor.
Denotes the overall area in which exposures to the
hazard that causes environmental harm are
experienced.
Reflects that within the overall area denoted by
Spatial Extent, there may be heterogeneity in
exposure to the hazard.

Sensitivity of Receptor

Reflects the proportion of receptors exposed that
exhibit the harm.

Severity of Effect

Defines the general physical effect on an individual
sensitive receptor only.

Temporal Extent

Denotes the length of time that the environmental
harm will be experienced.

Latency

The period of time before the consequent
environmental harm starts to be realized during the
hazard.

Accumulation

The changes in rate at which the harm progresses
over time.

Reversibility

Considers both whether the effects of the harm are
reversible and, if so, over what time scale.

Scarcity

Dread

Unfamiliarity

Notoriety

Unfairness
Imposition

Reflects the abundance of the receptor, and is used
to consider the loss of cultural resources, as well as
physical environments.
Reflects that society can have an aversion to, or fear
of, a harm that may be largely unrelated to its
physical nature.
Gives an assessment of concern that may arise out
of a low degree of knowledge and understanding of
the harm.
Reflects the potential for raised awareness of, and
anxiety about, the harm via the media and other
channels and information.
Reflects the discontent that may arise from the
inequity or unfairness of a harm’s distribution.
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Measures the social value afforded by the degree of
personal control over the harm.
Captures the consequences of a lack of trust in the
characterisation of the harm or in those responsible
for its management.

Distrust
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In order to see which approach scores on which criteria, we formulated an element for each of
the criterion mentioned above. We ended up with the following set of elements: Does the approach
include/take into account?
1. the cost/benefit character? (U1)
2. the costs related to risk reduction? (U2)
3. the magnitude of associated benefits? (U3)
4. a criterion specifically focused on not passing a maximum? (E1)
5. a criterion that compares the risk with other risks prevalent in society? (E2)
6. a criterion that takes the degree of voluntariness to account? (E3)
7. a criterion that compares the risk with the risk level during the natural background? (T1)
8. a criterion that focuses on existing solutions? (T2)
9. a criterion that also looks at the risks of available substitutes? (T3)

Table 6. Results of Applying the Risk Evaluation Methodology
Approaches
Utility-based criterion

Equity-based criterion

Technology-based criterion

434
435
436
437
438
439
440
441
442
443
444
445

U1
U2
U3
E1
E2
E3
T1
T2
T3

WBGU
✓
✓
✓
✓
✓
✓

Th. Plattner approach
✓

✓
✓
✓
✓

PBRC Scheme
✓
✓
✓
✓
✓
✓
✓

Pollard approach
✓
✓

✓
✓

Table 6 gives a structured and organised way of which elements each approach includes. The
WBGU approach and the PBRC Schema contain the most elements. The Th. Plattner approach focuses
more on the equity-based criterion and the technology-based criterion and does not cover the utilitybased criterion. The Pollard approach does not contain any element of the technology-based criterion
but scores good on the utility-based criterion and the equity-based criterion.
In section 2.2, we explained the uniqueness of Solotvyno by the importance of a few of the
elements. These were the following elements: The cost/benefit character, The costs of risk reduction,
The risk in the context of the magnitude of associated benefits, Degree of voluntariness and Existing
solutions. In order to pick the best approach for the Solotvyno case, we must look at which approach
contains most of these elements.
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Table 8.

Approaches
The cost/benefit character

WBGU
✓

Th. Plattner
approach

PBRC
Scheme
✓

Pollard
approach
✓
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The cost of risk reduction

The risk in the context of the
magnitude of associated
benefits

448
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✓

✓

✓

447
✓

✓

✓

Degree of voluntariness

✓

✓

✓

Existing solutions

✓

✓

✓

✓

Table 8 shows that two approaches meet all the requirement of a sound risk evaluation approach
for Solotvyno. These are the WBGU approach and the PBRC scheme approach. Because the PBRC
Scheme contains one extra element that is considered essential for effective risk evaluation, we
conclude that the PBRC Schema is the most suitable approach for Solotvyno.
During our research, we encountered a few striking findings. We will explain all the findings,
the assumptions and limitations and the suggested future research in the discussion section.

5.

Discussion

457
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459

The findings are discussed based on the three main criteria; utility-based criterion, equity-based
criterion and technology-based criterion. The implications of these findings will also be discussed in
this section.
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5.1 WBGU
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The WBGU approach meets the first element of taking the cost/benefit character into
accountability. We have concluded this because the article writes about the inequity and injustice
associated with the distribution of risks and benefits over time, space, and social status [5].
The approach takes the second element about the cost related to risk reduction into
accountability. Because reversibility is taken into consideration, automatically the costs of possible
resources are considered.
The approach considers the magnitude of associated benefits; this appears from the description
of the violation of equity. In the article, they state that violation of equity describes the discrepancy
between those who enjoy the benefits and those who bear the risks [5]. The violation of equity criteria
shows that the associated benefits are taking into accountability.
The approach includes a criterion specifically focused on not passing a maximum, namely
potential of mobilisation. This criterion involves the violation of individual, social, or cultural
interests and values.
The approach also includes the criterion that takes the degree of voluntariness into account. This
as a result of the violation of equity criteria. As mentioned above, this criterion describes the
discrepancy between those who enjoy the benefits and those who bear the risks. The discrepancy
shows that there are also ways to take advantage of the risk, which means that people can take the
risk voluntarily.
The last element that the approach meets is the criterion that focuses on existing solutions, which
can be assumed based on the reversibility criteria. Reversibility describes the possibility to restore the
situation to the state before the damage occurred [5]. When looking for possibilities, existing solutions
have to be taken into consideration.
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5.2 Th. Plattner approach
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The Th. Plattner approach meets the second element because of the manageability criterion.
Managing is about reducing and controlling risk and therefore takes the costs related to risk reduction
into accountability.
The next included element that is the criterion that compares the risk with other risks prevalent in
society as a result the familiarity criteria. Familiarity can be defined as close acquaintance with or
knowledge of something. Comparing the risk with other risks prevalent in society is a useful and
widely used method for gaining knowledge.
The approach also takes voluntariness into accountability. The inclusion of this element is relatively
clear due to the voluntariness criteria.
The approach meets the element of comparing the risk with the risk level during the natural
background as well. The criteria of knowledge about risk is associated with knowledge about the
difference in risk during different situations.
The last element that is included is the criterion that focuses on existing solutions. The combination
of three criterion avoidability, manageability and controllability make sure of that. In order to find
out is a risk is avoidable, manageable or controllable, first existing solutions will be looked at.
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5.3 PBRC Scheme
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The PBRC Schema is a modified version of the WBGU approach. In order to score this approach, we
first adopted all the ticks from the WBGU approach. Secondly, we analysed the new and modified
criterion and decided whether ticks should be removed or added. The new or modified criterion are:
1. Potential consequences—represented by observable quantities
2. Uncertainty about consequences—represented by probability distributions for observable
quantities
3. The difficulty in establishing appropriate (representative) performance measures
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5.4 Pollard approach
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The Pollard approach includes the first element of taking the cost/benefit character into account
due to the unfairness criteria which is described as: “reflects the discontent that may arise from the
inequity or unfairness of a harm's distribution.” This shows that not everyone is bearing the risk, but
some people are risk-free or benefit from the risk.
The element about costs related to risk reduction is being met due to the reversibility criteria.
Just as explained for the other approaches, when reversibility is taken into consideration, the costs of
possible resources are too.
A criterion that compares the risk with other risks prevalent in society is also considered. The
inclusion of this element is due to the unfamiliarity criteria, which can be explained as: assesses
concern that may arise out of a low degree of knowledge and understanding of the harm. If the risk
has already occurred before, there will be a better knowledge of the risk and better understanding of
the consequences.
The last element met, is the element of taking the degree of voluntariness into account. The
inclusion of this element appears from the imposition criteria which has: “measures the social value
afforded by the degree of personal control over the harm” as an explanation. The degree of personal
control is considered equal to the degree of voluntariness.

The first criterion causes an extra tick for the element that compares the risk with the risk level
during the natural background. The criterion focuses on the potential consequences, and is
complemented by a comparison of risk in different scenarios.
The second criteria of uncertainty about consequences did not influence the number of ticks of
the PBRC Scheme approach.
The third criteria about the difficulty in establishing appropriate performance measures also do
not change the number of ticks.
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5.5 RED-M explanation
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First a literature review has to be performed. By defining a set of search terms that describe the
wanted risk evaluation approaches, a systematic search for articles including risk evaluation
approaches can be conducted. When the useful articles are selected based on the inclusion and
exclusion criteria, the risk evaluation articles have to be separated from the risk assessment articles.
It must therefore be considered here whether the focus is on acceptability and tolerability and not on
identification or estimation. With too few found articles, the snowballing method can be used. Then
again, the risk evaluation articles have to be distinguished from the risk assessment articles. The last
step of the literature review is picking the actual approaches from the articles and describing them in
detail. An extensive explanation is needed for a good analyzation in the last step.
The next step is selecting the specific priority criteria for the chosen case study. In order to do so
the risk assessment report and the concern assessment report have to be analyzed. After the
analyzation the current situation has to be compared with the reports. The contradictions between
the reality and the reports have to be identified and explained further with information found during
a subsequent literature review. Place attachment also plays an important role in selecting priority
criteria and therefore has to be reviewed. Finally the current situation has to be compared with the 9
risk evaluation criteria to compile a list of priority criteria for the case study.
The aforementioned risk evaluation criteria are established by combining multiple risk
evaluation criteria into groups. The more general risk evaluation criteria of HSE have been chosen as
grouping criteria. Although the criteria from Vrijling et el. [29] and Kasperson [9] are only about risk
acceptability, we considered them as useful because they were grouped into the HSE criteria and
those do take tolerability into account. The criteria that are grouped under the utility-based criterion
are all focused on either costs or benefits or both of them. Under the equity-based criterion we
grouped the elements with the emphasis on the rights and feelings of individuals. The third criteria
about technology includes elements regarding to existing solutions and any new related risks.
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At last the found approaches have to be ranked based on how many priority criteria they
include. All evaluation criteria must be checked for each approach. As guidance on how to decide
whether an approach includes an element we composed a checklist. For this checklist, see figure 4.

565
566

Figure 4. Checklist

567
568

Figure 4 is a check list as guidance on how to decide if an approach includes an element. If one
of the two boxes is ticked, than automatically it qualifies.
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5.5.1mplexity

570
571
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First of all, the complexity of the social context in Solotvyno. As we already mentioned, the case
of Solotvyno is unique, and therefore needs a specific risk evaluation approach. It is a place with a
deep-rooted culture, many different nationalities and beliefs [36]. Apart from the Ukrainians,
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Solotvyno is the home for a lot of other nations such as Hungarians, Romanians, Roma, Slovaks,
Germans, Russians and more of the former Union of Soviet Socialist Republics [36]. As a result, there
are a lot of different cultures, norms and values. In finding a suitable risk evaluation approach, all
these different groups must feel heard.
The risk in Solotvyno is caused by the mining of salt, which at the time brought benefits for some
of the residents and risk for others [32]. This makes this case more unique and more complex. Not all
residents wanted the same thing, and even now, not everyone agrees with each other about what
should happen with the salt domes in the future [37, 38].
Because it is a unique and complex situation, a specific approach had that met Solotvyno's
requirements had to be found. In the analytical framework, we have described what the necessities
are for a suitable risk evaluation approach for Solotvyno. This information allowed us to pick the best
approach for this specific case.
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5.5.2 Separating risk evaluation approaches from risk appraisel approaches
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While looking for risk evaluation approaches, we have often come across risk appraisal
approaches. The search terms we used are only about evaluation, and they do not mention risk
appraisal. We selected all the articles with approaches that were labeled risk evaluation approaches
and ended up with quite a few articles. However, after thoroughly studying the articles, we found
out that most of the approaches we found with these terms were about risk appraisal.
The term risk evaluation is often used incorrectly to indicate risk appraisal methods. The goal of
risk evaluation is to determine the tolerability and acceptability of a given risk. Risk appraisal entails
assessing the identification and estimation of hazards.
The use of wrong terms made searching for risk evaluation methods more complex. More than
once we incorporated a risk appraisal method in our research by mistake, which we eliminated when
we concluded that it was not a real risk evaluation approach.
For well executed research with risk evaluation approaches as the main subject, there must be
the certainty that it is actually about risk evaluation and not about risk appraisal. To be sure of this,
every approach was checked several times to see if it was about acceptability and tolerability, and
not about assessing risk.
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5.6 Assumptions and limitations
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The four-risk evaluation approaches we picked are criteria-based methods. To decide whether
an approach met an element, we read the criteria with their explanations, if there was an explanation.
However, none of the articles explained the criteria in great detail. As a result, it was difficult to
estimate whether certain elements are included in an approach.
It was a limitation to arrive at the best risk evaluation because there is no full information about
each approach. Because not every criterion was explained in detail, assumptions had to be made
about if an approach did include an element or not. We applied the same assumptions to all
approaches so that the assessment would be fair.
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5.7 Future research
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Future research (always contain supplementary information, it is essential to be able to assess, )
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5. Conclusions

618

6. Patents
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This section is not mandatory but may be added if there are patents resulting from the work
reported in this manuscript.
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Supplementary Materials: The following are available online at www.mdpi.com/xxx/s1, Figure S1: title, Table
S1: title, Video S1: title.

623
624
625
626
627
628
629

Author Contributions: For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used “conceptualization, X.X. and Y.Y.;
methodology, X.X.; software, X.X.; validation, X.X., Y.Y. and Z.Z.; formal analysis, X.X.; investigation, X.X.;
resources, X.X.; data curation, X.X.; writing—original draft preparation, X.X.; writing—review and editing, X.X.;
visualization, X.X.; supervision, X.X.; project administration, X.X.; funding acquisition, Y.Y.”, please turn to the
CRediT taxonomy for the term explanation. Authorship must be limited to those who have contributed
substantially to the work reported.

630
631
632
633
634
635
636

Funding: Please add: “This research received no external funding” or “This research was funded by NAME OF
FUNDER, grant number XXX” and “The APC was funded by XXX”. Check carefully that the details given are
accurate and use the standard spelling of funding agency names at https://search.crossref.org/funding, any
errors may affect your future funding.

637
638
639
640
641
642
643

Conflicts of Interest: Declare conflicts of interest or state “The authors declare no conflict of interest.” Authors
must identify and declare any personal circumstances or interest that may be perceived as inappropriately
influencing the representation or interpretation of reported research results. Any role of the funders in the design
of the study; in the collection, analyses or interpretation of data; in the writing of the manuscript, or in the
decision to publish the results must be declared in this section. If there is no role, please state “The funders had
no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript, or in the decision to publish the results”.

644

Appendix A

645
646
647
648
649
650
651

The appendix is an optional section that can contain details and data supplemental to the main
text. For example, explanations of experimental details that would disrupt the flow of the main text,
but nonetheless remain crucial to understanding and reproducing the research shown; figures of
replicates for experiments of which representative data is shown in the main text can be added here
if brief, or as Supplementary data. Mathematical proofs of results not central to the paper can be
added as an appendix.
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Annex 3: List of Future Scientific Publications

•
•
•

•

•

•

D3.2 SENDAI Framework Application Challenges: The Case of Solotvyno, Ukraine
(draft is available)
D.3.3 Risk Evaluation Decision-aiding Approach (RED-M) – Authors: Abby Muricho
Onencan, Lian Ena Liu, and Bartel Van de Walle (draft is available)
D3.3 AI for Explaining Disaster Risk Reduction Decisions in Multi-Agent
Environments: The Case of Solotvyno (data collection was concluded on 22nd
December 2019 and is currently being analysed)
D3.3 Place attachment and land subsidence preparedness in Solotvyno, Ukraine
(data collection was concluded on 22nd December 2019 and is currently being
analysed)
D3.4 Design of a Mobile GIS Application to Improve Flood Preparedness in Tysa
River Basin, Ukraine (Mobile Application has already been designed and is in the
phase of iterative testing and improvement)
D3.4 The Contribution of iTysa GIS-based Mobile App on Improving Flood
Preparedness of Human-AI Teams
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