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1. Introduction

Modern urbanization processes cover the whole territory 
of Ukraine, determine the absolute majority of destructive 

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

Об’єктом дослiдження є динамiка проявiв пожеж техногенного походження в мiських населених пунктах 
у спiввiдношеннi до демографiчних змiн та урбанiзацiйних процесiв за перiод 1997–2017 рр. Проблема обу-
мовлена тим, що урбанiзацiя посилює глобальнi клiматичнi змiни та iнiцiює пожежi, якi є одними з найбiльш 
небезпечних подiй з великими кiлькостями жертв та значними матерiальними збитками.

До недолiкiв методологiї вивчення динамiки проявiв надзвичайних ситуацiй (НС) техногенного походжен-
ня вiднесена вiдсутнiсть врахування зворотно пропорцiйного зв’язку мiж темпами урбанiзацiї в Українi за 
останнi 20 рокiв та демографiчними змiнами. 

У дослiдженнi використаний метод статистичного i функцiонального аналiзу для оцiнювання показникiв 
кiлькостi пожеж. В результатi дослiдження показаний високий ступiнь кореляцiї мiж зменшенням числа 
пожеж та скороченням щiльностi населення за умови уповiльнення темпiв урбанiзацiї протягом останнього 
20-рiчного перiоду. Основою для позитивної динамiки проявiв пожеж є об’єктивнi умови техногенно-урбо-
генного довкiлля та суб’єктивнi причини, пов’язанi iз людським фактором.

Показано, що при чисельностi мiського населення до 67 %, демографiчний фактор впливає на зростання 
ризикiв загибелi при зменшеннi кiлькостi пожеж техногенного походження. Подальша урбанiзацiя призводить 
до рiзкого збiльшення числа НС. При цьому, виявлена тенденцiя до зменшення ризикiв загибелi вiд пожеж 
при зменшеннi щiльностi населення та збiльшеннi рiвня урбанiзацiї вище 67 %.

Ефект скорочення уразливостi мiського населення, крiм демографiчного чинника, пов’язаний iз забезпе-
ченням мiст значними людськими, технiчними i матерiальними ресурсами.

Завдяки виявленим кореляцiям демографiчних i урбанiзацiйних факторiв з динамiкою проявiв пожеж 
забезпечується можливiсть розробки заходiв з монiторингу, попередження i лiквiдацiї наслiдкiв пожеж в 
населених пунктах. Ризик-орiєнтована стратегiя протидiї пожежам має бути застосовна в цiлях захисту 
людей i майна в районах пiдвищеної щiльностi населення.

Ключовi слова: урбанiзацiйнi процеси, екологiчна безпека, надзвичайна ситуацiя, пожежа техногенного 
походження, ризик населенню.
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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 object 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 objectives 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 
problem

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 
comparison with the regional level. For 
development of preventive measures, im-
portant studies on the impact on the 
number of urban fires poorly understood 
factors of the spatial structure of the 
city, the quality of building materials, 
even public health and education of the 
population [18]. The significance of ed-
ucational work with the population to 
reduce the frequency and power of fires 
is also noted by the authors of [19].

But a significant problem remains the 
introduction of academic research in the 
practice of firefighting and rescue services.

Thus, the results of the analysis allow 
to conclude that there are complex, non-
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 

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:

( ){ }
( ) ( ){ }

�–min
� ,

max �–�min

ij j

ij

j j

X X
r

X X
=    (1)

where ijX  – the value of j of the indicator by years i,  
( )max jX and ( )min jX  – 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 urbanization 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).
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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 
level of danger of the country, the study and 
consideration of which is necessary to achieve 
sustainable urbanization, preservation of the 
environment.

On the one hand, the scale of the urbanization 
influence leads to an increase in the risks and 
vulnerability of the population to the natural 
or man-made dangers. But, the rapid decline 
in population density, including urban, affects 
the dynamics of cases of dangerous events.

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.

Table 1

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

Year Urb D Z
t

Z
nt

Year Urb D Z
t

Z
nt

1997 0.18 1 0.70 0.968 2008 0.60 0.47 0.31 0.227

1998 0.15 0.94 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 0 0.82 0.99 0.574 2011 0.76 0.41 0.14 0.114

2001 0 0.76 1 0.577 2012 0.81 0.40 0.13 0.090

2002 0.22 0.70 0.69 0.415 2013 0.86 0.38 0 0

2003 0.14 0.66 0.29 0.233 2014 0.93 0.07 0.01 0.014

2004 0.24 0.61 0.24 0.175 2015 0.96 0.05 0.03 0.026

2005 0.35 0.57 0.39 0.289 2016 0.99 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 – Urb, population density indicator – 
D, total number of emergencies – Z

t
, natural and man-caused quantity 

of natural disasters – Z
nt
.

Analysis of the dependence of emergencies 
on population density on normalized values 
(Fig. 2) shows a high degree of correlation 
between the demographic factor and the number 
of emergencies. This means that the reduction 
of the number of cases of dangerous events 
by years is mainly influenced by the factor 
of population decline with a slower rate of 
urbanization.

6.3. Analysis of the number of fires of man-
made origin, including in urban areas. Against the 
backdrop of a general decrease in the number of 
natural and man-caused emergencies in Ukraine, 
as noted above, the fire, the frequency of which 
gradually increases by years [1], represent a high 
level of threats.

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 (R2=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 (R2=0.79) and urban 
settlements (R2=0.59) (Fig. 5).
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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.
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Table 2

The calculated indicators of fire dynamics in Ukraine for the period 1999–2017*

Year Z
fs
 10-4 Z

fs
Z

fus
 10-4 Z

nt
R

f
R

fu

1999 8.14 0 8.42 0.018 0 –

2000 11.89 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 0.189 10.10 0.225 0.940 –

2007 10.91 0.241 10.42 0.271 0.938 0.943

2008 10.07 0.168 9.50 0.118 0.887 0.799

2009 9.58 0.126 8.79 0 0.587 0.594

2010 13.59 0.475 12.69 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 0.729 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
fs
·10-4/1 person, 

normalized by the equation (1) the value of the indicator of the total number of fires –  
Z

fs
; the relative indicator of the number of fires in cities – Z

fus
·10-4⁄1 person, normalized 

by the equation (1) the value of the relative indicator of the number of fires in cit-
ies – Z

fus
; normalized by the equation (1) the value of the individual risk of the whole 

population – R
f
; normalized by the equation (1) the value of the individual risk of the 

urban population – R
fu

Fig. 5. 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

fs
·10-4); 2 – relative values of the number of fires in urban systems (Z

fus
·10-4); 3 – trend line (Z

fs
); 4 – trend line (Z

fus
)
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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 results

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 (R2=0.79), and 
in urban settlements (R2=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, 

are related to damage to the transport 
and communication infrastructure, losses 
of production, failures in the life support 
systems of citizens, outbreaks of infectious 
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.

8. Conclusions

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 (R2=0.9471 
for the normalized indicator of total number of emergen-
cies, R2=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 (R2=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 
(R2=0.79), and in urban settlements (R2=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-

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.

References

1.	 Analiz masyvu kartok obliku pozhezh // DSNS Ukrainy. 
URL: http://undicz.dsns.gov.ua/ua/Analiz-masivu-kartok-ob-
liku-pozhezh.html (Last accessed: 14.03.2018)

2.	 Natsionalna dopovid pro stan tekhnohennoi ta pryrodnoi bezpeky 
v Ukraini // VDISP UKkrNDITsZ. URL: http://undicz.dsns.
gov.ua/ua/Nacionalna-dopovid-pro-stan-tehnogennoyi-ta-prirod-
noyi-bezpeki-v-Ukrayini.html (Last accessed: 24.02.2018)

3.	 Analitychnyi ohliad stanu tekhnohennoi ta pryrodnoi bezpeky v 
Ukraini. URL: http://www.dsns.gov.ua/ua/Analitichniy-oglyad-
stanu-tehnogennoyi-ta-prirodnoyi-bezpeki-v--Ukrayini-za-2015-
rik.html (Last accessed: 10.03.2018)

4.	 Pelling M. Urbanization and Disaster Risk // Panel con-
tribution to the Population-Environment Research Network 
Cyberseminar on Population and Natural Hazards. 2007. URL: 
https://pdfs.semanticscholar.org/c64e/27e09397149d4fdb7997a-
ce325571275782e.pdf (Last accessed: 15.04.2018)

5.	 El Garouani A. Analysis of urban growth and sprawl from remote 
sensing data: Case of Fez, Morocco // International Journal of 
Sustainable Built Environment. 2017. Vol. 6, Issue 1. P. 160–169. 
doi: http://doi.org/10.1016/j.ijsbe.2017.02.003 

6.	 Tan Y., Xu H., Zhang X. Sustainable urbanization in China: 
A comprehensive literature review // Cities. 2016. Vol. 55.  
P. 82–93. doi: http://doi.org/10.1016/j.cities.2016.04.002 

7.	 Hodson M., Marvin S. “Urban Ecological Security”: A New 
Urban Paradigm? // International Journal of Urban and Re-
gional Research. 2009. Vol. 33, Issue 1. P. 193–215. doi: http://
doi.org/10.1111/j.1468-2427.2009.00832.x 

8.	 Wamsler C. Managing urban risk: perceptions of housing and 
planning as a tool for reducing disaster risk // Global Built 
Environment Review. 2004. Vol. 4, Issue 2. P. 11–28. URL: 
http://portal.research.lu.se/portal/files/2698440/3629168.pdf 
(Last accessed: 06.12.2017)

9.	 Determination of trend and regulariyies of occurrence of emergen-
cy situations of technogenic and natural character in Ukraine /  
Kolesnik V. Ye. et. al. // Scientific Bulletin of National Min-
ing University. 2017. Issue 6. Р. 124–131. URL: http://nvngu.
in.ua/index.php/en/home/1518-engcat/archive/2017-eng/con-
tents-6-2017/environmental-safety-labour-protection/4238-de-
termination-of-trends-and-regularities-of-occurrence-of-emergen-
cy-situations-of-technogenic-and-natural-character-in-ukraine 
(Last accessed: 14.02.2018)

10.	 Tiutiunyk V. V. Otsinka vidnosnoi intensyvnosti mizh na-
dzvychainymy sytuatsiiamy pryrodnoho ta tekhnohennoho 
kharakteru v rehionakh Ukrainy // Problemy nadzvychainykh 
sytuatsii. 2015. Vol. 21. P. 112–120. URL: http://nuczu.edu.
ua/sciencearchive/ProblemsOfEmergencies/vol21/Tiutiunik.pdf 
(Last accessed: 20.03.2018)

11.	 Shevchenko O. H. Vrazlyvist urbanizovanoho seredovyshcha 
do zminy klimatu // Fizychna heohrafiia ta heomorfolohiia. 
2014. Issue 4 (76). P. 167–172.

12.	 Moldan B., Janouskova S., Hak T. How to understand and measure 
environmental sustainability: Indicators and targets // Ecolog-
ical Indicators. 2012. Vol. 17. P. 4–13. doi: http://doi.org/ 
10.1016/j.ecolind.2011.04.033 

13.	 Hulida E. M., Voitovych D. P., Movchan I. O. Potik pozhezh 
ta yikh odnochasnist u mistakh // Pozhezhna bezpeka. 2017. 
Issue 31. P. 30–35. URL: https://journal.ldubgd.edu.ua/index.
php/PB/article/view/101 (Last accessed: 15.03.2018)

14.	 Prognozuvannya naslіdkіv pozhezh za dopomogoyu іnformatsіynikh 
sistem / Kruchina V. V. et. al. // Otkrytye informatsionnye i kom- 
p’yuternye integrirovannye tekhnologii. 2015. Issue 68. P. 167– 
172. URL: https://www.khai.edu/csp/nauchportal/Arhiv/OI-
KIT/2015/OIKIT68/p167-172.pdf (Last accessed: 16.03.2018)

15.	 Vasiutynska K., Arsirii O., Ivanov O. Development of the meth-
od for assessing the action zones of hazards in an emergency 
at a city filling station using geoinformation technology //  



23TECHNOLOGY AUDIT AND PRODUCTION RESERVES — № 4/3(42), 2018

ISSN 2226-3780 CHEMICAL ENGINEERING:
ECOLOGY AND ENVIRONMENTAL TECHNOLOGY

Technology Audit and Production Reserves. 2017. Vol. 6, 
Issue 3 (38). P. 29–38. doi: http://doi.org/10.15587/2312-
8372.2017.119505 

16.	 Visualization of the pool fire action zones with using MapInfo 
GIS for the number of filling stations of the Odessa (Ukraine) 
residential district / Vasiutynska K. et. al. // Technology Audit 
and Production Reserves. 2017. Vol. 1, Issue 3 (39). P. 30–39. 
doi: http://doi.org/10.15587/2312-8372.2018.124241 

17.	 Tiutiunyk V. V., Chornohor L. F., Kaluhin V. D. Vykorystannia 
enerhetychnoho pidkhodu dlia otsinky efektyvnosti funktsio-
nuvannia kompleksnoi avtomatyzovanoi systemy monitoryn-
hu, poperedzhennia ta likvidatsii nadzvychainykh sytuatsii 
na lokalnii terytorii // Systemy obrobky informatsii. 2016. 
Issue 1 (138). P. 183–194. URL: http://nbuv.gov.ua/UJRN/
soi_2016_1_40 (Last accessed: 24.03.2018)

18.	 Jennings C. R. Social and economic characteristics as deter-
minants of residential fire risk in urban neighborhoods: A re-
view of the literature // Fire Safety Journal. 2013. Vol. 62.  
P. 13–19. doi: http://doi.org/10.1016/j.firesaf.2013.07.002 

19.	 Clare J. Reduced frequency and severity of residential fires 
following delivery of fire prevention education by on-duty fire 
fighters: Cluster randomized controlled study // Journal of 
Safety Research. 2012. Vol. 43, Issue 2. P. 123–128. doi: http:// 
doi.org/10.1016/j.jsr.2012.03.003 

20.	 Publikatsii dokumentiv Derzhavnoi sluzhby statystyky Ukrainy. 
URL: https://ukrstat.org/uk/operativ/operativ2010/ds/kn/
kn_u/kn1210_u.html (Last accessed: 24.03.2018)

Vasiutynska Kateryna, PhD, Associate Professor, Department 
of Applied Ecology and Hydrogasdynamics, National Polytechnic 
University, Odessa, Ukraine, e-mail: ekaterina.vasutinskaya@gmail.com,  
ORCID: http://orcid.org/0000-0001-9800-1033

Barbashev Sergey, Doctor of Technical Sciences, Professor, Depart-
ment of Nuclear Power Plants, Odessa National Polytechnic Univer-
sity, Ukraine, e-mail: josik65@gmail.com, ORCID: http://orcid.org/ 
0000-0001-5446-153X




