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1 Introduction
Based on the methods and products of the work package 1, 2 and 3 and the testing, refining
and implementation in the Solotvyno case in respective Work Package the next step is to
implement the developed methods and products in the Region of Transcarpathia. With this we
will achieve the following objectives:
Objective 1:
to show that the developed methods and products are a validated way to implement the first
three steps of the Sendai Framework in a region of Ukraine. This to make it possible to work
as an example for other regions in Ukraine, but also for regions of the same scale in the
Participating states of the Union Civil Protection Mechanism and the EU-neigbourhood policy
countries.
Objective 2:
To offer the people living in Transcarpathia an action plan for safety challenges posed by
economic development, urbanisation and climate change. It offers possibilities to raise the
resilience to disasters of the region. Also, existing safety issues are addressed and taken care
of.
Objective 3:
To make a concrete, sustainable action plan, in which all the actions performed in this
project, come together. The roadmap will go further on the results of understanding risk (WP
1 and 2), risk reduction governance (WP 3), lessons learned from Solotvyno case and give
clear direction what should be done in the short term, mid-term and the long term. The action
plan gives clear directions in which investments in safety must be made possible. It contains
clear defined goals, strong argumentation and is broadly support from stakeholders and the
main solution partners. The action plan is in fact a short, mid- and long-term action plan for
safety in the region.
The overarching principle used in this work package is that disaster risk reduction is about
knowing each other and each other’s roles, make initial contacts, agree on the underlying
facts and basic assumptions and find shared solutions for potential disasters. We divide the
activities according to the overarching principle in different stages: (1) assessment, (2)
platform, (3) consensus, (4) community involvement, (5) development of roadmap. Each of
these stages has a specific focus and enables an interactive discussion and knowledge
transfer of the project results as well as the verification of the ongoing work in the other work
packages, and refinement of the next stage of the project.
This Deliverable is used to inform the platform on the risks in a comprehensive way. Most
members of the platform are well acquainted with the hazards and risks directly relevant to
their line of work, but less informed about the total of hazards and risks.
In the project two approaches to the hazards and risks are made. One is based perceptions on
hazards and risks gathered by a questionnaire made by the Main School of Fire Service from
Poland. This was presented in Deliverable 1.8. In this report the results are copied in section 3
and 4. In section 2 an approach towards hazards and risks based on geological information.
This is made by Institute of Geological Sciences of the National Academy of Sciences of
Ukraine.
In this deliverable two deliverables are combined because in the practice of the two
approaches is was unrealistic to split the hazard from the risk maps. Originally
Deliverable 5.2 is about the hazard maps and Deliverable 5.3 is about the risk maps.
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2 Maps of IGS-NASU
Maps of hazardous geological processes specific occurrence by administrative districts for
Transcarpathian region were produced by the Institute of Geological Sciences of the National
Academy of Sciences of Ukraine based on the processing of materials from such institutions:
State Service of Geology and Mineral Resources of Ukraine, Transcarpathian geological and
hydrogeological center of the State Enterprise "Zakhidukrgeologiia" of the National Joint Stock
Company "Nadra Ukrainy", Berehovo, State Geological Information Archive of Ukraine. In
particular, maps of the distribution of hazardous geological processes with a scale of
1:100000 (by V. Barnychka, 1980) and a scale of 1: 200000 (by M. Gabor) for the period
1980-2010 were used, as well as data provided by V. Petryk ("Zakhidukrgeologiia", 19832001), and data from information yearbooks on the of hazardous exogenous geological
processes activization for Ukraine territory according to monitoring of engineering and
geological processes 2015-2018.
The ranking principles for Transcarpathian region administrative districts due to the
hazardous geological processes’ occurrence depended on type of process and described
below.
To determine the percentage of landslides specific occurrence for administrative districts, the
total area of all landslides within the certain district was first calculated and divided by the
area of the district. As a result, the districts were ranked with following specific occurrence
level (Fig. 1):
-

zero specific occurrence level – landslides were not detected within the district;

-

moderate – the estimated landslides specific occurrence varies from 0 to 10 %;

-

high – the estimated landslide specific occurrence is more than 10 %.

To determine the mudflows occurrence level for certain administrative districts of
Transcarpathian
region, their number for each district were calculated (Fig. 2):
-

zero occurrence level –mudflows were not detected within the district;

-

moderate occurrence – the recorded mudflows number varies from 0 to 10;

-

high occurrence level – the recorded mudflows number is more than 10.

To determine the percentage of flooding (caused by groundwater) specific occurrence, a map
of groundwater table (from 0 to 10 m) was produced. Then, the total area of flooding
occurrence in the certain district was calculated and divided by the area of the district. As a
result, the districts were ranked with following specific occurrence level (Fig. 3):
-

zero specific occurrence level – floodings were not detected within the district;

-

moderate – the estimated flooding specific occurrence varies from 0 to 25 %;

-

high – the estimated flooding specific occurrence is more than 25 %.

To determine the percentage of karst processes specific occurrence for administrative
districts, the total area of highly soluble rocks within each district was also calculated and
divided by the area of the certain district. As a result, the districts were ranked with following
specific occurrence level (Fig. 4):
-

zero specific occurrence level – absence of highly soluble rocks within the district;

-

moderate – the estimated specific occurrence of highly soluble rocks varies from 0
to 10 %;
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-

high – the estimated specific occurrence of highly soluble rocks is more than 10 %.

Table of hazardous geological processes occurrence / specific occurrence estimation for
Transcarpathian region (by administrative districts)
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Figure 1. Landslides hazards for different administrative districts of Transcarpathian
region based on their specific occurrence. 1 – state border; districts with respective
landslides specific occurrence level: 2 – zero; 3 –moderate; 4 – high; 5 – landslides
occurrences areas
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Figure 2. Mudflows hazards for different administrative districts of Transcarpathian
region based on their occurrence. 1 – state border; districts with respective mudflows
occurrence level: 2 – zero; 3 –moderate; 4 – high; 5 – mudflows occurrences areas
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Figure 3. Flooding (caused by groundwater) hazards map for different administrative
districts of Transcarpathian region based on its specific occurrence. 1 – state border;
districts with respective flooding specific occurrence level: 2 – zero; 3 –moderate; 4 –
high; 5 – flooding occurrences area.
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Figure 4. Hypogene karst hazard map for different administrative districts of
Transcarpathian region based on highly soluble rocks specific occurrence. 1 – state
border; districts with respective highly soluble rocks specific occurrence level: 2 – zero; 3
–moderate; 4 – high; 5 – areas of highly soluble rocks occurrence.
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Landslides formation forecast for Transcarpathian region
Regularities of landslide processes depend on geological (lithology/petrography, tectonic,
structural geology), geomorphological, hydrogeological (groundwater level, chemical
composition, recharge and drainage conditions), meteorological (precipitation, temperature,
etc.), hydrological (water levels and discharge in surface watercourses, surface waters erosion
and abrasion activity), seismic (earthquakes) and neotectonic natural conditions. However, the
activation of landslide processes can be triggered by man-made activities (deforestation,
irrigation of land, slopes equilibrium profile violation when engineering objects are located on
or near the slopes) [1-4, 6-8, 10 et al.].
Considering the multifactorial nature of landslides formation and the complexity of their
prediction, landslides, as a separate type of exogenous geological processes, are a potential
factor of the emergency situations occurrence, in particular on the territory of Transcarpathia.
According to SES (The State Emergency Service of Ukraine) and GeoInform data, as of
01/01/2018, in the region, 3,281 landslides with a total area of 385.106372 sq. km
(385.104452 + 0.00192 sq. km) were mapped and entered the cadastre, five of which
activated fully or partially on a total area of 0.0614 sq. km [13, et al.]. Therefore, the aim of
this study is to identify the main and derived geological factors that determine landslides
spreading and activization in Transcarpathian region applying spatial statistical analysis.
Materials and methods. Initial information for the factors analysis of the landslide
development is represented by: 1) database and landslides distribution map for the
Transcarpathian region; 2) relief horizontals which are corresponding to the topographical
background of scale 1: 200 000 and 3) the tectonic disturbance map derived from a
geological map of scale 1: 100,000 [1].
The landslides distribution map for Transcarpathian region was constructed using
ArcView 3.2a soft on the basis of the initial data processing results from such institutions:
"State Geological Survey of Ukraine", "Transcarpathian Geological and Hydrological Center of
the State Geological Enterprise "Zakhidukrgeologiia" of the NJSC "Nadra Ukrainy", SSPE
"GeoInform of Ukraine". In particular: maps of the landslide processes distribution of scales
1:100 000 (V.V. Barnychko) and 1:200 000 (M.M. Gabor) for the period of 1980-2010;
materials of SGE "Zakhidukrheologiia", provided by V.M. Petryk (Transcarpathian KPG), I.A.
Masenko (SGE "Zakhidukrheologiia"); data from the Information Yearbooks on the activation of
hazardous exogenous geological processes in Ukraine according to the engineeringgeological processes monitoring; own analytical data of SES operational reports, the Institute
of Geological Sciences NAS of Ukraine studies results, and topographic maps of scale 1: 100
000 for the binding of relief, settlements, hydrography, transport infrastructure [1, 3, 7, etc.].
From the total amount of 3 281 landslides recorded in the cadastre, 2575 landslides with a
total area of 368,09 sq. km have been included to the database (fig. 1).
To establish the spatial patterns of landslides formation, the influence of the territory relief,
its derivatives, structural and tectonic conditions on the distribution of landslides have been
analyzed. Influencing factors were presented by the constructed grids: relief and its
derivatives (slope angles, slopes exposure, relief dispersion (standard deviation), relief trend
and its local component) density of structural irregularities and tectonic elements.
To construct grid factors, the Esri’s ArcView toolbox Spatial Analyst software was used,
previously described and applied [9, et al.]; the relief trend was calculated using the sliding
window method; its local component was calculated as the difference between the relief grids
and its trend. The methods have been supplemented by the user interface according to the
conditions of the task. The grid density of structural-tectonic heterogeneities and
displacement density were calculated by the sliding window method.
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The obtained spatial patterns of landslides occurrences in Transcarpathian region are shown
below.

Figure 1. Landslides inventory map on geomorphological model for the Transcarpathia.
1 – cities; 2 – landslides (with number according to the table); 3 – lakes / water
reservoirs; 4 – state border; 5 – rivers.
Analysis of landslide formation factors.
As shown in a number of papers [2, 5, 6, 8, 10, et al.], the landslide development is controlled
by the internal and external forces interaction. Tectonics (and neotectonics) is decisive in the
relief formation and the major factor for stability of its forms. Therefore, the impact of
modern relief on the development of landslides, despite various mechanisms of their
formation, is significant. Received patterns of the landslides distribution, depending on the
steepness, elevation of slopes and their exposure are given on Fig. 2.
Landslides develop at hypsometric elevations of 160-1280 m; their maximum falls at 280-730
m (in this altitude interval, most of the technogenic factors manifestations, including
development and landscape transformation by the road network, water control structures,
etc.).
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Figure 2. Landslide formation factors analysis. A – exposure of slopes with landslides; B –
landslide forms distribution in relation to relief altitude; C – steepness of slopes with
landslides; D – landslides distribution in relation to relief dispersion; E – landslides
distribution in relation to distances to the tectonic elements; F – landslides distribution in
relation to distance to the watercourses, m
.
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Landslides occur on slopes with angles of 4-28°, but most of them are typical on slopes with
steepness of 7,5-22,4° (Fig. 2 C). Besides, landslides within studied region are typical for
slopes oriented to the south-east, west, north-west, and south (Fig. 2 A). Two-thirds of all
studied landslides are within one-kilometer zone along structural-tectonic disturbances and at
a distance of up to 1,25 km from disturbances with azimuth of 90-180° (Fig. 2 E, 3).

Figure 3. Landslide formation factors analysis: Tectonic Disturbances Density Map. 1 –
rivers; 2 – cities; 3 – fault; 4 – registered landslides;5 – density of tectonic disturbances
(deformation and faulting).
In Ukrainian mountains geological, geomorphological and other factors of landslides
formation, distribution and extension have been studying by M.Demchyshyn, V.V.Kiuntsel,
I. Rudko, A.I. Sheko, A.N. Ivanik, E.D. Kuzmenko et al. [1-3, 5-8, 10, et al.]. In previous
research of the Carpathian region according to the processed landslide cadaster compiled by
the “GeoInform”, statistical regularities of landslides occurrence have been established, taking
into account engineering-geological zoning, relief on the landslide parameters [5, 6, 8, 9, et
al.].
The approach used in this research, implemented with the ArcView3.2a Spatial Analyst, for
the first time made it possible to establish patterns of landslides occurrence based on the
results of a large array of initial cartographic information processing (not limited by certain a
priori genetic and/or theoretical interpretations) and obtain reliable limit values for
characterizing landslides formation.
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Subsequent mapping of areas with characteristic values of established six landslide formation
factors will be a forecasting map for the landslides occurrence most likely areas.
The first iteration of the landslides forecasting map has been obtained in two steps. At the
beginning, a new (0,1) -grid was cut from each grid factor, which corresponded to the limit
value for this factor, taken from the histogram of its distribution. The unit in such a grid was
relevant to the factor value favorable to the landslides formation. Then, on the basis of grids
of the second stage, the areas which bounded points with value of 1 (one) for all factors were
mapped. The resulting map is forecasting of the most likely landslides occurrence sites (Fig.
4).

Figure 4. Landslides formation forecasting map (scale 1 : 200 000): 1 – rivers; 2 –
landslides; areas prone for the landslides development: 3 – one-factor; 4 – two-factor; 5 –
three-factor; 6 – four-factor; 7 – five-factor; 8 – six-factor; 9 – areas with altitudes
greater than 1000 meters; 10 – cities.
After verification, established spatial patterns of landslides occurrence (depending on
steepness, altitude, spatial orientation of slopes, connection with structural and tectonic
heterogeneities) can be used for local predictions of landslides hazards and implemented in
provisions to be developed in order to reduce the risk of hazardous processes in
Transcarpathian region (Fig. 5).
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Figure 5. Results and application
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3 Maps of MSFS presenting the effects class for a given hazard in
the Transcarpathian region.
Based on the summary of data contained in 'Deliverable WP 1, 1.6 ImProDiReT Data Collection
on consequences Transcarpathia', which summarizes information on effect classes
(aggregated)
for the identified hazards in the analyzed districts of the Transcarpathian region the following
maps were made to show the class of effects for a given hazard. The following classes were
adopted in the study in accordance with the adopted classification of effects with a qualitative
description and directions of possible actions, which was discussed in "Deliverable
1.6
Data Collection on consequences Transcarpathia":
class A- white colour
class B - green colour,
class C – yellow colour,
class D – orange colour,
class E - red colour.

a. Chemical hazards

Figure 9. Map showing the effects on chemical hazards in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.
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b. Heavy snowfall

Figure 10. Map showing the effects on heavy snowfall in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

c. Heavy rainfall

Figure 11. Map showing the effects on heavy rainfall in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

23 | Page

D5.2 & D5.3 Hazard and Risk Maps Transcarpathia
d. Black ice

Figure 12. Map showing the effects on the occurrence of black ice in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

e. Drought

Figure 13. Map showing the effects of drought in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.
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f. Mudflow

Figure 14. Map showing the effects on the occurrence of mudflow in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided by
IGS NASU.

g. Landslide

Figure 15. Map showing the effects on landslides in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided by
IGS NASU.
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h. Flood

.
Figure 16. Map showing the effects of floods in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided by
IGS NASU.
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4 Maps of MSFS: Risk maps of selected hazards of individual
administrative units of the Transcarpathian region
Based on the data contained in the table below, a risk mapping for the area of Transcarpathia
has been made.
Chemic
al
hazards

Heavy
snowfall
s

Heav
y
rains

Black ice

Drought

Mudflow

Landslid
e

Flood

Berehove

2

4

5

2

3

2

2

5

Velykyi
Bereznyi

2

4

4

3

3

3

3

4

Vinogradov

2

3

4

2

3

3

3

5

Volovets

2

4

4

3

3

3

4

5

Irshawa

2

4

4

2

3

3

3

5

Mukachevo

2

3

5

2

3

2

2

5

Rachiv

2

4

4

4

3

3

4

3

Svaliava

5

4

4

2

3

3

4

4

Tiachiw

2

4

5

3

3

3

4

5

Uzhhorod

5

3

5

2

3

2

2

5

Khust

2

3

4

2

3

2

2

5

Mizhhirskii

2

4

4

4

3

3

4

3

Perechyn

2

4

4

3

3

3

4

4

District

Table 2. Table showing risk classes.
Source: Elaborated by MSFS.

The values in the table are the risk coordinates (risk level). The risk level is assessed by
assessing the actions taken, the probability value of the adverse event and its effects. To assign
the appropriate level of risk, a 5-grade risk classification was adopted:
1- negligible risk (blue colour),
2- low risk (green colour),
3 - medium risk (rose colour),
4 - high risk (orange colour),
5- catastrophic risk (red colour).
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Based on the document D 1.7 „The risk was estimated based on the formula R = P x C
(P – Probability, C- Consequences)”.

a. Risk of chemical hazards

Figure 17. Map showing the risk of chemical hazards in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

b. Risk of heavy snowfall

Figure 18. Map showing the risk of heavy snowfall in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.
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c. Risk of heavy rainfall

Figure 19. Map showing the risk of heavy rainfall in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

d. Risk of black ice

Figure 20. Map showing the risk of black ice in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.
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e. Risk of drought

Figure 21. Map showing the risk of drought in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS.

f.

Risk of mudflow

Figure 22. Map showing the risk of mudflow in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided by
IGS NASU.
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g. Risk of landslides

Figure 23. Map showing the risk of landslides in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided by
IGS NASU.

h. Flood risk

Figure 24. Map showing the risk of flood in the Transcarpathian region.
Source: Elaborated by MSFS based on data from a survey prepared by MSFS and data provided
by IGS NASU.
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5 Conclusions
In this report the results of two approaches to determine hazards and risk are presented. Both
give additional information on the hazards and risks in Transcarpathia. The two approaches
give complementary information.
The combination of a plane and a mountainous area in the region give a wide pallet of hazards
and risks.
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