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ANALYSIS OF DYNAMICS OF
MAN-MAIDE FIRES IN CONDITIONS OF
URBANIZATION IN UKRAINE

06’exmom Qocniorcents € OUHAMIKA NPOSBIE NONCENC TMEXHOZEHHO20 NOXOOHCEHH S 8 MICOKUX HACEICHUX NYHKMAX
y cnisgionowenni 0o demozpadiunux smin ma ypbanizauitinux npouecie 3a nepiod 1997—2017 pp. Ipobaema o6y-
MOBIEHA MUM, U0 YPOAHIZAUIA NOCUIIOE 2I00AbHT KAIMAMUYHT 3MIHU MA THIYTIOE NONCENCT, AKT € OOHUMU 3 HAUOLILUL
Hebe3neuHux noodiil 3 BEIUKUMU KIIbKOCTSIMU HCEPME MA SHAUHUMU MAMEPIAToHUMU 30UMKAMU.

/o nedonikie memodonozii usuenns Ounamixu nposeie nadseuyaiinux cumyavii (HC) mexnozennozo noxoomicen-
18 gi0necena si0Cymmuicmy 6PAXYBanHs 360POMHO NPONOPULIHOZ0 36 3Ky Mixe memnamu ypoanizauii 6 Ykpaini sa
ocmanni 20 poxie ma demozpapiunumu sminamu.

Y docridncenni suxopucmanuii memoo cmamucmuunozo i PYHKUIOHAIbHOZ0 AHANIZY 0L OUIHIOBAHHS NOKASHUKIG
KirwKocmi noscexc. B pesyavmami 0ocioncenns noKasanuil 6UCOKUL CMYNinb KOPErsSuii MiNe 3MEHULEHHAM YUCTA
NOHCENHC MA CKOPOUCHHAM WILLHOCTT HACCCHHS 34 YMOBU YNOBLILHEHHS MEMNIE YPOaHizauii npomsizom oCmannboz0
20-piunozo nepiody. Ocro6o10 O1s NOUMUBHOT OUHAMIKYU NPOSAGIE NONHCENC € 06 EKMUBHT YMOBU MeXHO2eHHO-YPOO-
2eH1020 006K MA CYO EKMUBHT NPUUUIU, NOG A3ANI 13 TI00CLKUM (PAKMOPOM.

THokasano, wo npu uucerbHocmi Micok020 Hacerenns 0o 67 %, demoepadpiunuil paxmop eniusae Ha 3POCMAanHs.
PUSUKIE 3a2u0€i NPU 3MEeHULeHHT KILbKOCIE NONCENC MeXH02eHH020 Noxodicents. [lodarvua ypoanizauis npuseodums
0o piskozo sbinvuenns uucia HC. IIpu ypomy, susieiena menoenyis 00 amenuuenns pusukie sazubeni 6id noxcemi
npU 3MEHUEeHHT WITLHOCMI HacelenHs ma 30iventi piets ypoanizauii euwe 67 %.

E¢pexm ckopouenns ypasaugocmi Micbkozo HACeAeH s, KPiM 0eM0ZpaAPiun020 YUHHUKA, N06 A3anull i3 3abesne-
UEHHSAM MICTN SHAUHUMU LI0OCOKUMU, MEXHIYHUMU | MAMEPIANOHUMU DECYPCAMU.

3aedsxu euseienum Kopersyism demozpagiunux i ypoanizauiunux Qaxmopie 3 OUHAMIKOW NPOseis NONCexH
3a0e3neuyemnpCst MONCIUBICIL PO3POOKU 3aX00i6 3 MOHIMOPUHLY, nonepedicenns i Jikeidayii Hacaiokie noxcexc 6
Hacenenux nynkmax. Pusux-opienmosana cmpamezisi npomuoii noxcexcam mae Oymu 3acmoco8Ha 8 Uiliax 3axucmy
J00etl i Matina 6 Paionax nideuULeHOT WiIbHOCTT HACENCHHSL.

Kmwouosi cnosa: ypoanisayiini npouecu, exonoziuna 6e3nexa, Ha036UUaina CUmyayis, NONCEHcAa MexXHOZEHHO20
NOX00NCEHHSL, PUSUK HACCLCHHIO.

Vasiutynska K.,
Barhashev S.

1. Introduction changes in the environment and significantly affect the

acuteness of emergencies (ES). Urbanization affects the
aggravation of man-caused hazards in cities through the
numerous ecological problems associated with environmental

Modern urbanization processes cover the whole territory
of Ukraine, determine the absolute majority of destructive
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pollution, the concentration of many hazardous industrial,
energetical and transport objects in a limited space.

Urbogenous transformation of all components of the
environment extends far beyond the boundaries of the
settlements proper. The growth of cities and the formation
of urban agglomerations lead to the expansion of suburban
natural areas, changing the natural conditions of their
existence and the nature of the exploitation of resources.
Reduction of suburban ecosystems, deforestation, changes
in the nature of land use lead to forest and peat fires,
floods, hurricanes. A significant threat is climate change,
which is quite related to the «breath» of the city, and
significant volumes of greenhouse gas emissions.

Estimation of the complex multi-element relationships
between urbanization processes and state of urban security
is necessary to achieve sustainable urbanization, reducing
the risks and vulnerability of the population to the dangers
of various genesis, including technogenic fires.

So, it is actually the study of the features of fires in
urban areas to identify the basic laws of risks in relation
to the characteristics of the urbanization process in the
country.

2. The ohject of research and its
technological audit

The object of research is fires of man-made origin. The
fires in cities and rural areas are among the most wide-
spread events that lead to a large number of victims and
significant material damage.

According to statistical data [1], their absolute increase
is observed in recent years. Thus, the total number of
fires of man-made origin doubled — from 40237 in 1999
up to 83,116 in 2017 [2, 3]. For cities, the dynamics of
the growth in the number of fires from 28053 in 1999
is typical up to 47,171 in 2017 [1].

Only for 7 months of 2018 in Ukraine registered
43473 fires [1]. Although compared to the same period
in 2017 there is a decrease in the number of fires by
13.6 %, the mortality from fires has increased by 2.4 %.
On average, 205 fires occurred daily during the year 2018,
in which 5 people died and 4 people were injured.

Material losses from fires amounted to 163,404 thou-
sand US dollars. (Of these, direct losses amount to 42,265
thousand US dollars). Daily material losses from fires
amounted to about 771 thousand USD. Each fire caused
direct losses to the state in the amount of 1 thousand
US dollars [1].

Among the fire objects, the largest number is buildings
and residential buildings (41.1 %), vehicles (5.5 %) and
other objects (4.1 %)

Distribution of the number of fires in the regions of
Ukraine indicates their increased danger in the most ur-
banized and industrialized areas, namely: Kyiv, Dnipro,
Kharkiv, Odesa, Zaporizhzhia. Most of the fires (in 2018 —
61.1 %) had been occurred in cities, urban-type settle-
ments and the surrounding area. The share of fires in
cities exceeds the indicator for the state in Dnipropetrovsk
(74.0 %), Zaporizhzhia (70.1 %), Kharkiv (67.5 %) and
Odesa (62.6 %) regions [1].

Thus, in the present conditions of the population living
in settlements, there are high risks of human mortalities
and material damages due to the high intensity of fires.

A particularly high level of fire emergency is inherent
in cities with the concentration of hazardous industrial,
energy, transport objects and increased density of the
urban population.

3. The aim and ohjectives of research

The aim of research is analysis of the emergency situ-
ations dynamic associated with man-made fires, depending
on the nature of urbanization processes in Ukraine.

It is necessary to perform the following tasks to achieve
this aim:

1. To determine the character of dependence of in-
dicators of natural and man-made emergencies from the
demographic factor in Ukraine for the period 1997-2017.

2. To substantiate the causes of changes in the number
of fires in urban systems on the basis of the analysis of
the dynamics of man-made fires.

3. To identify the type (kind) of the relationship
between the death risks in fires for the population and
urbanization factor.

4. Research of existing solutions of the
prohlem

The scale and pace of urbanization are causing global
security problems around the world. These include climate
change due to greenhouse gas emissions, the rapid reduction
of natural landscapes and biological diversity, and others.

Expansion of the influence of cities on the environ-
ment far beyond administrative boundaries is associated
with the production of agricultural products and other
means of subsistence [4]. An increase in the areas of an
impenetrable surface violates the regime of water flow
and intensifies threats of a hydrological and geological
nature [5].

In recent decades, the development of cities is as-
sociated with the achievement of social, economic and
environmental sustainability. The policy of «permanent
urbanization» [6] includes environmental protection, envi-
ronmental planning of land management, housing construc-
tion and other aspects of the well-being of the growing
population. However, sustainable urban development in
times of climate change and resource scarcity requires
the development of new strategies. Thus, the authors of
[7] link the environmental safety of cities more with the
growth of economic and market capital than with the
traditional concept of sustainable development. The new
strategy proposed by the authors was called «Secure Ur-
banism and Infrastructure» (SURI).

However, the consequences of the new strategies have
not actually been investigated and can differ significantly
for cities with different types of socio-economic develop-
ment and different levels of material well-being, cultural
and educational potential of the population. For example,
the authors of [8] link risks from natural disasters within
urbanized areas, mainly with the vulnerability of poor
people in developing countries.

Indeed, cities, relying on human, intellectual, financial
and material resources, can provide protection not only
from environmental changes, but also from natural disas-
ters. But urban planning, special engineering projects and
other solutions form security for private urban residents
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and do not provide an equitable and sustainable reduction
in the risks associated with natural disasters.

Also, there is an unresolved issue of determining the
cause-effect relationship between the dynamics of man-
caused and natural emergencies (ES) and the correspond-
ing level of ecological security of the territory and the
peculiarities of urbanization processes.

Studies conducted in Ukraine on the analysis of
quantitative changes of ES diagnose their gradual de-
crease by years [9] with the prevalence of emergencies
of man-made origin over natural ones in most regions of
the country [10]. However, the reasons for the negative
dynamics of the ES are not investigated under the con-
dition of a sharp increase in the general aggressiveness
of the environment.

The increase in the frequency of cases of fires fully
corresponds to trends in urban climate change, as shown by
numerous studies [11, 12]. At the same time, the problem
of developing an indicator system for assessing climate
change as well as developing programs for adapting cities
to them is the first priority.

Methods of statistical analysis are used to develop a
methodology for determining the flow of fires and their
simultaneity in cities [13]. Forecasting fires using the law
of distribution of rare events makes it possible to promptly
eliminate several simultaneously occurring fires.

An alternative solution to the problem of predicting
the consequences of fires is related to the use of infor-
mation systems. Geoinformation technologies allow not
only to determine the locations of flash sources [14]. The
authors of [15] propose methods for determining the zones
of damaging factors of the consequences of fires and the
corresponding risks for the population. The methodol-
ogy makes it possible to classify <«objects of care» by
the zones of action of damaging factors. The conditions
for the development of scenarios of cascade emergency
situations with simultaneous fires for groups of closely
located potentially dangerous objects are identified [16].

Based on the energy approach, the authors of [17]
calculate energy performance indicators for the fire mon-
itoring system of emergencies related to fires and show
the prospects for active prevention and elimination of
sources of hazards at the state level in

comlpéarison with the regional level. For 1.2

development of preventive measures, im- g @ )

portant studies on the impact on the Z&

number of urban fires poorly understood & 5

factors of the spatial structure of the %= 0.8
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city, the quality of building materials, =2
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is also noted by the authors of [19]. g §. 1
But a significant problem remains the 2 = 0.2

introduction of academic research in the
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Thus, the results of the analysis allow S X

to conclude that there are complex, non- 02 ==

linear connections between the features of
cities, urban population and emergencies
caused by man-made fires. Their compre-
hensive study is necessary to solve a wide
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range of tasks of monitoring, preventing, eliminating the
consequences of fires. In general, the study of the main
factors and patterns of cases of ES is important for the
development of tools for managing fire risks in urban areas.

5. Methods of research

Methods of statistical and functional analysis are used
in the work. The statistical information of the State Service
of Ukraine for Emergency Situations [1], as well as statis-
tical yearbooks [2] and bulletins for the specified period
[3] were used as the main sources of data for the study.

Linear normalization of data within the limits (0, 1)
is carried out by the equation:

o {x; —min(x;)}
! {maX(Xj)—min(Xj)F ™

where X, — the value of j of the indicator by years i,
max(X].) and minSXj) — respectively, the maximum and
minimum value of the indicator for all years.

Normalization of statistical data was carried out using
the Panda library of Python package, the DataFrame series,
version v0.22.0. The function is also used — the trend
line of the MS Office Excel software on the diagrams,
which corresponds to the reliability of the approximation
of statistical data to the regression equation.

6. Research results

6.1. Analysis of dynamic changes in urbhanization and
population density for the period 1997-2017. Slow growth
in the level of urbanization in 1.03 times, to 69.26 % from
1990 to the present day occurred against a background
of a sharp decline in population. During this period, the
total number of people decreased by almost 10 million.
This trend is also characteristic of the urban population,
whose number decreased 1.2 times from 35085.2 thousand
to 29357.7 thousand [20]. Thus, the urbanization process
in Ukraine differs from many other countries of the world
in inverse proportion to the population density (Fig. 1).

y=0.0544x-0.0903
R>=0.9323

y=-0.0459x+0.9651
R2=0.944

DN QO = AN N T Vv VO > DN = NN T N O

[ = == = = S e S e S e R R e T = B et = B e B e B

AN O OO O O O O O O O o0 Q0 o0 o0 o0 0o o0

Al o I oS I oN B oN BN oN A oN IR o B oN N oN B oN BN oN B o BN o I oN I N I oN I oS BN oN |
Years

Fig. 1. Dynamics of urbanization and population density by normalized values for the period
1997-2017: 1 — normalized indicator of urbanization (URB); 2 — normalized indicator of
population density (D); 3 — trend line (Urb); 4 — trend line (D)
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6.2. Determination of the functional rela-
tionship of the indicators of natural and man-

made emergencies on the demographic factor
in Ukraine. There are complex multi-element

relationships between urbanization and the 08 |

level of danger of the country, the study and
consideration of which is necessary to achieve

0.6 +
sustainable urbanization, preservation of the I

environment. I
0.4

y=1.3849x-0.4169x+0.048

=

Normalized values of Zt and Znt

On the one hand, the scale of the urbanization

influence leads to an increase in the risks and I
0.2

R?=0.9471
2
X

vulnerability of the population to the natural
or man-made dangers. But, the rapid decline
in population density, including urban, affects 0 -
the dynamics of cases of dangerous events. 0

The specific indicators of the number of
natural and man-caused emergencies [2, 3] are
calculated per the population [20] and are nor-
malized by the equation (1). The values are
given in Table 1.

Tahle 1

Normalized indicators of the number of emergency situations of natural and
man-made origin *

—

Year | Urb | D Z, Z, | Year | Urb | D Z Z,

1997 | 018 | 1 | 0.70 |0.968|2008 | 0.60 | 0.47 | 0.31 | 0.227
1998 | 0.15 |0.84 | 0.71 1 |2009| 0.67 | 0.45| 0.22 | 0.168
1999 | 0.11 |0.88 | 0.59 |0.767 |2010| 0.72 | 0.43 | 0.20 | 0.152
2000| O |0.82| 0899 |0.574|2011|0.76 | 0.41| 0.14 | 0.114
2001 O |(076| 1 |0S577(2012|0.81 (0.40 | 0.13 | 0.090
2002 | 0.22 (0.70| 0.69 |0.415|2013| 0.86 {038 | O 0

2003 | 0.14 |0.66| 0.29 |0.233 | 2014 | 0.83 | 0.07 | 0.01 | 0.014
2004 | 0.24 (061|024 |0.175|2015| 0.86 | 0.05 | 0.03 | 0.026
2005 | 0.35 [0.57| 0.39 |0.289 |2016| 0.89 | 0.03 | 0.03 | 0.034
2006 | 0.45 [0.53| 0.39 [0.294 (2017 | 1 0 | 0.06 |0.0542
2007 | 0.53 |0.50| 0.40 [0.304 | - - - - -

Note: *— urbanization indicator
D, total number of emergencies —
of natural disasters — Z

nf

— Urb, population density indicator —
Z, natural and man-caused guantity

Analysis of the dependence of emergencies

y=0.5351x2+0.3738x-0.0139
R?=0.7243

0.2 0.4 0.6 0.8 1

Normalized value of population density for the period 1997-2017

Fig. 2. Functional dependence of emergencies on population density by normalized values:

1-2Z;2—trend line Z; 3 - Z; 4 — trend line Z,

The increase in the number of fires in urban areas has,
first, subjective reasons related to the human factor. On
average, at least 85 % [1, 3] of urban fires occur as a result
of industrial (violation of safety rules) or daily activities of
the population. From them at least 70 % [2] is the result
of careless handling of fire. The basis for the growth of
the number of fires in populated settlement is the objective
conditions of the man-made and urban environment. An
increase in the temperature of the impenetrable surface, a
significant warming of the urban mesoclimate due to green-
house gas emissions create <heat islands» with an increased
level of fire hazard. Both tendencies reinforce each other,
which is manifested in the growth of the number of fires
of man-made origin, which is shown in Fig. 3.

The constructed trend lines show that the number of
urban fires fluctuates around the average level of 37—39 thou-
sand cases per year on the background of the growing
total number of fires. Therefore, the percentage of ur-
ban fires gradually decreases, as shown in Fig. 4, with a
high correlation coefficient (R?=0.83). A similar pattern
is inherent in the percentage of deaths in urban fires [1].

Estimation of the level of fire hazard in the urban
environment can’t fail to take into account the demograph-
ic factor. The analysis of the number of fires calculated
in accordance with the population size (Table 2) shows
their growth at the country level (R>=0.79) and urban
settlements (R?=0.59) (Fig. 5).

90000 y=189.08x> -2255.7x+57210

on population density on normalized values
(Fig. 2) shows a high degree of correlation .z 500%
between the demographic factor and the number ng 70000
of emergencies. This means that the reduction g 60000
of the number of cases of dangerous events g 50000
by years is mainly influenced by the factor = 40000
of population decline with a slower rate of E 30000
urbanization. § 20000

6.3. Analysis of the number of fires of man- 10002 Re=0.4271
made origin, including in urhan areas. Against the
backdrop of a general decrease in the number of \o’qqq?@q’@\ﬁ/b@'&@@y@@r&do@g\WQQ%%Q@Q’Q\aﬁ?\\&{»ﬁ?\%'&\vq&\s@\‘or&(\
natural and man-caused emergencies in Ukraine, Years

as noted above, the fire, the frequency of which
gradually increases by years [1], represent a high
level of threats.

Fig. 3. Dynamics of the number of fires in urban systems during 1999-2017: 1 — total
number of fires (Z); 2 — number of fires in urban systems (Z,); 3 — trend line (Z);

4 — trend line (7))
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Fig. 4. Changes in the share of urban fires over the period 1999-2017

Table 2
The calculated indicators of fire dynamics in Ukraine for the period 1999-2017*

Year Z, 10* Z, Z,, 10" Z, A, a,
1899 8.14 0 8.42 0.018 0 -
2000 11.88 0.327 12.28 0.656 0.494 -
2001 11.95 0.332 12.18 0.615 0.649 -
2002 12.43 0.374 12.46 0.656 0.785 -
2003 12.87 0.412 12.75 0.683 0.851 1
2004 10.09 0.170 10.28 0.266 0.804 0.941
2005 10.64 0.218 10.21 0.248 1 -
2006 10.31 0.188 10.10 0.225 0.940 -
2007 10.81 0.241 10.42 0.271 0.938 0.943
2008 10.07 0.168 9.50 0.118 0.887 0.798
2009 9.58 0.126 8.78 0 0.587 0.594
2010 13.58 0.475 12.68 0.626 0.413 0.408
2011 13.32 0.452 12.05 0.519 0.440 0.426
2012 15.68 0.657 14.33 0.887 0.387 0.421
2013 13.45 0.463 12.67 0.616 0.270 0.309
2014 16.05 0.689 14.45 0.779 0.215 0.212
2015 18.61 0.913 14.93 0.845 0.072 0.013
2016 17.43 0.810 14.21 0.728 0.038 0
2017 19.61 1 16.07 1 0.015 0.036

Note: * — the relative indicator of the total number of fires — Z-10*/1 person,
normalized by the equation (1) the value of the indicator of the total number of fires —
Z; the relative indicator of the number of fires in cities — Z,_-10Y1 person, normalized
by the equation (1) the value of the relative indicator of the number of fires in cit-
ies — Z ; normalized by the equation (1) the value of the individual risk of the whale
population — A, normalized by the equation (1) the value of the individual risk of the

urban population - H,

6.4. Analysis of the risks of death of
people from man-made fires. Since the scale
of urbanization leads to an increase in the
vulnerability of the population, the function-
al-graphical analysis (Fig. 6) of the normalized
indicators of the relative number of general
and urban fires, and the corresponding risks
for the urban and general population from
the temp of urbanization (Table 1, 2).

Trend lines show that urbanization at the
first stages strengthens and initiates the risks
of death on the background of a reduction
in the incidence of fires, both in cities and
in rural areas. But at the level of urbaniza-
tion of 68 %, the values of these indicators
change dramatically in opposite directions.

The lines of risk trends and the number of
fires have an X-shaped form. This means that
the number of fires will increase dramatically,
even with respect to the value of the indicators
at the beginning of the review period. For
the urban environment, this increase is more
significant. The risks of death from fires for
any population almost coincide, and show a
clear tendency to absolute reduction.

Thus, at the level of up to 68 % of the urban
population, the demographic factor influences
the growth of death risks while reducing the
number of man-made fires. Further urbanization
leads to a sharp increase in the number of
emergencies. At the same time, demographic
and urban factors act in one direction to re-
duce the risk of death from fires.

o 25

£ y=0.0479x2-0.5125x+11.873

7 g R>=0.7861

EFE

252

o 515

25g
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=T

£52 y=0.0334x2-0.4208x+11.914

- R?=0.5849

EE o0
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Fig. S. Dependences of the relative indicators of the total number of fires and fires in urban systems during 1999-2017: 1 — relative values of the total
number of fires (Z,-10%); 2 - relative values of the number of fires in urban systems (Z,_-10); 3 - trend line (Z); 4 - trend line (Z,)
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3 y=2.0968x2 ~1.7853x+0.6231
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Fig. 6. Functional dependencies of indicators: 1 - total number of fires Z; 2 - fires in urban
systems Z ; 3 — individual risks of the whole population A, 4 - individual risks of cities A, from
trend line A,

trend line Z,; 7 -

urbanization rates; 5 — trend line Z; 6 —
In addition to reducing the population density, ur-
ban, among other things, the level of human securi-
ty is affected by factors of growth in organizational
and technical capacity and better funding of the State
Emergency Service, the quality of ambulance, and the
introduction of other measures to prevent and mitigate
the consequences of fires. This trend is also character-
istic for all major types of emergencies. The summa-
tion of urbanization processes not only increases the
possibility of fires, but, simultaneously, can reduce the
vulnerability of the population and, especially, of urban
residents. Cities have significant human, technical and
material resources and can provide better protection
against dangerous events.

7. SWOT analysis of research resulis

Strengths. The analysis of the dynamics of the number
of man-made fires, including in urban settlements, will
have the following useful properties. Estimation of the
level of fire hazard in the urban environment can’t fail
to take into account the demographic factor. The analysis
of the number of fires with high correlation coefficients
calculated in accordance with the population number
shows their growth at the country level (R*=0.79), and
in urban settlements (R>=0.59). An analysis of the risks
of fire deaths for the population showed that the urban
environment creates an increased risk for the occurrence
of fire-hazardous situations.

A positive factor is that the risks of the life of the
urban population from fires tend to decrease, which is
explained by a number of subjective and objective reasons.
The influence of the factors of urbanization processes on
the calculated indicators of fire manifestations is revealed,
it is possible to more purposefully develop measures to
counter fires in order to protect people and property in
areas of high population density.

Weaknesses. The material damage from all types of
negative events during the review period is steadily in-
creasing. At the same time, the secondary effects from
emergencies are not taken into account, which, for example,

R?=0.55

6
g

are related to damage to the transport
and communication infrastructure, losses
of production, failures in the life support

\ systems of citizens, outbreaks of infectious
N diseases, and others. Such «secondary»
unaccounted losses can significantly ex-
ceed direct and general material losses
from emergencies.

Opportunities. The methodology of
accounting for the demographic charac-
teristics of urban processes for analyzing
the dynamics of man-made emergencies,
including fires in urban systems, allows
to overcome complex problems of risk
assessment.

Risks for the population from natu-
ral disasters or man-made accidents have
common intrinsic characteristics. There-
fore, studies on the frequency of risks of
emergencies, causes and socio-economic
consequences are not only interesting for
Ukraine. Urbanization today embraced
almost all countries in the world. The
study of the features of the influence of the combined
factors of the urbanization process on the formation of the
state of ecological security has a general scientific value.

The use of demographic indicators, which change in
parallel with urbanization, allows eliminating the limita-
tions of methods of functional statistical analysis. The
identification of functional dependencies of dynamic
changes in manifestations of emergencies from urban-
ization factors is important for organizing the practical
activities of rescue services.

Opportunities for further research are related to the
fact that the influence of urbanization extends far beyond
urban settlements and determines the level of global security
of the territory. Therefore, the integral index of urban-
ization should be introduced into the system of assessing
the safety parameters. The development of a system of
indicators of such an index is a promising development of
studies of the interconnected connection of urbanization
and the security of the country.

Threats. The weak side of the analysis is related to
the methodology for collecting statistical data. Natural
disasters, like man-made accidents, show a high degree
of probability and are of a cyclic nature, for the study
of which longer studies than twenty years are required.

The level of risk of disasters caused by urbanization
is underestimated due to some reasons. First, an im-
perfect methodology for collecting data on the basis of
regional and urban bases leads to an underestimation of
the emergencies of a frequent but small scale. Secondly,
complications in assessing urban risks arise when negative
processes cover only part of the urbanized territory, or
go beyond it.

Thus, the way to account of emergencies in Ukraine
leads to an underestimation of the most important factors
in the formation of natural and man-made hazards.

1 12

1. Based on a graphical analysis of statistical data for
the period 1990-2017 it is shown that the urbanization
process in Ukraine differs from many other countries of
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the world in inverse proportion to the population density.
Slow growth in the level of urbanization in 1.03 times
occurs against a background of a sharp decline in the
population, amounted to almost 10 million. At the same
time, the urban population decreased by 1.2 times.

It is shown that the rapid decline in population
density, including urban, affects the dynamics of cases
of dangerous events. The functional dependence of the
normalized values of number of emergencies shows a high
degree of correlation with population density (R*=0.9471
for the normalized indicator of total number of emergen-
cies, R?=0.7243 for the indicator of the number of natural
and man-caused emergencies).

SWOT analysis of research results allows to conclude
that a reduction in the number of emergencies over the
years can’t unequivocally testify to a decrease in the ag-
gressiveness of an urbanized environment, and is associated
with the specifics of the methodology for presenting data.

2. Analysis of man-made fires dynamics shows their
increase over a 20-year period, including in cities. The
subjective reasons related to the human factor and the
objective conditions of the man-made-urban environment
had been substantiated.

The functional-graphical analysis shows that the number
of urban fires fluctuates around the average level of 37—
39 thousand cases a year against the backdrop of a growing
total number of fires. Therefore, with a high correlation
coefficient (R?=0.83), a gradual decrease in the share of
urban fires is shown.

The analysis of the calculated indicators of the number
of fires in accordance with the population showed high
correlation coefficients of their growth in the country
(R?=0.79), and in urban settlements (R?=0.59).

Complex, non-linear and interrelated factors of the
urban-man-made environment form fire risks, according
to which the vulnerability of cities can differ significantly
from each other and from the national level.

3. Analysis of the frequency of manifestations of fires,
and the corresponding risks to the population shows that
the urban environment creates an increased risk for the
occurrence of fire-hazardous situations.

On the basis of the functional-graphic analysis it is
shown that urbanization at the first stages strengthens
and initiates the risks of death on the background of a
reduction in the incidence of fires, both in cities and in
rural areas. However, at the level of urbanization above
67 %, the values of these indicators change dramatically
in opposite directions. The risks of death from fires for
urban and general population almost coincide, and show
a clear tendency to reduction.

Further urbanization to 68.5 % leads to a sharp increase
in the number of fires. At the same time, the demographic
factor of the population density decrease and the urban
growth factor of the organizational and technical potential
of rescue services act in one direction to reduce the risk
of deaths from fires.

The development of urban agglomerations based on
the concept of sustainable growth requires the devel-
opment of new approaches aimed at countering fires in
order to protect people and possessions in areas of in-
creased population density. Between urbanization processes
and the state of environmental safety, there are complex
multi-element relationships that are necessary to achieve
sustainable urbanization, reducing the risks and vulnera-

I55N 2226-3780

bility of the population to various hazards of natural or
man-made origin.

The crucial for environmental safety state demographic
and urban features should be taken into account within
the risk-based strategies are developed for mitigating the
consequences of man-made accidents and natural disasters,
both at the national and local government levels.
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