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Abstract

Introduction. When determining the number and technical equipment of fire departments, regulatory documents on fire
safety do not take into account natural, climatic and geographical features of the subjects of the Russian Federation in
an explicit form. At the same time, there is some information in scientific literature about the influence of certain
natural and climatic factors on the effectiveness of fire protection actions in extinguishing fires. The aim of this study
was to determine the influence of the system of natural, climatic and geographical characteristics of the subjects of the
Russian Federation on the rapid response indicators of territorial fire departments. The results obtained are
recommended for further use in rationing the number and technical equipment of fire departments.

Materials and Methods. A factor analysis of statistical data for 2020-2022 was carried out. The statistical data were
obtained from the Federal State Information System "Federal Database "Fires", from the website of the Federal State
Statistics Service of the Russian Federation and from other sources. For the analysis, the authors selected ten indicators
characterizing natural, climatic and geographical features of the subjects of the Russian Federation, two indicators of
the rapid response of territorial fire departments and four indicators of the fire situation.

Results. Five significant factors were identified, the change of which explained the change in the observed indicators.
The first factor characterized the relationship of climatic conditions with fire situation indicators. The second factor
connected the indicators of the rapid response of fire departments with the terrain features of the subjects of the Russian
Federation. The third factor described the relationship between fire situation indicators and rapid response indicators
with population density and forest cover of the territory. Other factors did not significantly contribute to the indicators
of fire situation and rapid response.

Discussion and Conclusion. By means of mathematical analysis and factor modeling, the authors investigated the
interdependence of natural, climatic and geographical features of the subjects of the Russian Federation, fire situation
indicators and indicators of rapid response of fire departments. The most significant factors influencing these indicators
were identified. They included the average air temperature, the area covered by forest, the presence of mountain ranges,
and population density. These indicators should be taken into account when determining the number and technical
equipment of fire departments to increase the efficiency of their functioning.

Keywords: fire protection, factor analysis, subject of the Russian Federation, death, injury, arrival time, climatic and
geographical indicators
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r. banamuxa, Poccuiickas ®@enepauus
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AHHOTaNUs

Beeoenue. HopMmaTHBHBIMH JOKYMEHTAMH TII0 TMOXKapHOW OE30MAacCHOCTH TIPH ONPENCICHWH YHCICHHOCTH U
TEXHHYECKOM OCHAIIEHHOCTH MOAPAa3/e/IeHHH MOXAPHOM OXpaHbl B SIBHOM BHJIE HE YYUTHIBAIOTCS NPHPOIHO-
KIUMaTHYecknue M reorpaduueckue ocoOeHHocTH cyOBekToB Poccuiickoit ®enepammu. [Ipm sTOM B HaydHOU
JIUTEpaType BCTPEYAIOTCSI CBEACHHS O BIMSAHUM OTICIBHBIX NMPHPOAHO-KINMATHIECKUX (PAKTOPOB Ha 3PPEKTUBHOCTH
JEHCTBUI MOXKapHOH OXpaHbl NpH TYLIEHWH MOXKapoB. Llenblo HACTOAMIETO UCCIENO0BaHMS SBUIOCH ONpEAEICHUE
BIIMSIHUSI CUCTEMBI TIPUPOJTHO-KJIMMATHYECKUX M TeorpapuyecKux XapakTepuCTHK cyOobekToB Poccuiickoit deneparyn
Ha I0Ka3aTeld ONEpaTUBHOTO PEarupoBaHUs TEPPUTOPHANIBHBIX MOJpa3[eseHHH moxapHOW oxpasbl. IlodydeHHbIe
pe3yJbTaThl PEKOMEHJOBAHbl JUISl JAlbHEHINEro HCIHOJb30BaHUS NPU HOPMHUPOBAHUU YMCICHHOCTU M TEXHUYECKOU
OCHAILEHHOCTHU NOJPA3ACIECHUN 10KAPHOI OXPaHBL.

Memoovl u mamepuanet. [IposesieH GhaKTOPHBIN aHAIN3 CTATUCTHYCCKUX NaHHBIX 32 2020-2022 rr. CTaTHUCTHYECKUE
JMaHHBIC TOJYYECHBI W3 (elepaabHON roCyIapCTBEHHOH HWH(POPMAIMOHHON cucteMbl «DenepainbHBI 0aHK JaHHBIX
«Iloxapsey, ¢ caiita @exepanbHON CIyXObI TOCYJapCTBEHHOW cTaTUCTHKH Poccuiickorr deneparmu u U3 APYrHX
nucrouHnkoB. st aHammsza otoOpansl 10 mokasareneil, XapakTepH3YIOIUX IPUPOAHO-KIUMATHUECKHE U
reorpaguueckne 0ocoOeHHOCTH CyOBekToB Poccuiickoir ®Penepannu, 2 mokaszaress OIEPATHBHOTO pearMpOBaHUS
TEPPUTOPHANBHBIX TOAPA3IEICHNH MOKapHOI 0XpaHbI U 4 ToKa3aTens 0OCTaHOBKH C ITOKapaMH.

Pesynemamut uccinedoeanusn. BrulieneHbl NATh 3HAUYUMBIX (PAKTOPOB, M3MEHEHHE KOTOPHIX OOBSCHSIET M3MEHEHHE
HaOmomaeMbIx rokaszarenieil. IlepBblil (akTop XapakTepusyeT CBA3b KIMMAaTHYECKUX YCIOBHH C IOKa3aTelsIMU
00CTaHOBKM C TOXapamu. BTopoil (akTop CBSA3BIBaCT IOKa3aTeNM OIEPATHBHOTO PEarnpoBaHUs IMOApa3eseHUuIH
MOXKapHOH OXpaHbl C OcoOeHHocTsIMH penbeda cyObekToB Poccumiickoit ®Deneparmu. Tperuii (akTop omnuchBaer
B3aUMOCBS3b IOKa3areliell 00CTaHOBKM C TMOXapaMH M TOKa3aTeled OINepaTMBHOTO PEarupoBaHUS C IUIOTHOCTBIO
HaCeJICHHsI U JIECUCTOCThIO TeppuTopuu. OcTanbHble PakTOphl B MOKa3aTeNIn 00OCTAHOBKH C MOXAPaMHU M ONEPATHBHOTO
pearupoBaHus CYHICCTBCHHOI'O BKJIa/la HE BHOCAT.

Oébcysycoenue u 3axntouenue. C TOMOIIBIO MaTeMaTHYEeCKOrO aHajlM3a U C HCIIOJIB30BaHHEM (HaKTOPHOTO
MOJICTUPOBAaHNS aBTOPAMH HCCIEJOBaHA B3aMMO3aBUCHMOCTh HPHUPOJHO-KIMMATHIECKUX M TeorpaduIecKkux
ocobeHHOCcTe cyOBekTOoB Poccmiickoit @emeparym, IOKa3aTelel OOCTaHOBKM C TIOKapaMH W IIOKa3aTelneit
OTIEpPAaTHBHOTO pPEarupoBaHMs IOAPA3AETICHUH MOXapHOH oxpaHbl. OmnpeneneHsl Hanbosiee 3HAYMMBIE (HaKTOPHI,
BIMSIONINE HA 9TH rokaszareny. Cpenu HUX CpeIHsis TeMIlepaTypa BO3AyXa, JIECHCTOCTb TepPUTOPHH, HATNYHE TOPHBIX
MacCHBOB, IIOTHOCTh HaceleHus. JlaHHbIE MNOKa3aTelaHW CIEeIyeT YYUTHIBATh IPH OIPEACTICHUM YHCICHHOCTH W
TEXHUYECKOH OCHAIEHHOCTH TIOJpPAa3JeiCHU IOXKapHOH oXpaHbl /s MOBBIMEHUS 3()PEKTHBHOCTH HUX
(YHKIIMOHUPOBAHUSI.

KiroueBble ciioBa: moxapHas oxpana, (hakTOpHBIN aHamu3, cyobekT Poccuiickoit denepanuu, rudeb, TpaBMaTU3M,
BpeMsI MPUOBITHUS, IPUPOTHO-KIIMMATHYECKHE U TeorpaduuecKue oKa3aTelu

BaarogapHocTH. ABTOPBI BBIPAXKAIOT OJIAr0JApPHOCTh PEAAKIIMUA U PEICH3CHTAM 3a BHUMATEILHOC OTHOIICHHE K
CTaThe M yKa3aHHbBIC 3aMEYaHHUs, YCTPAaHEHNE KOTOPBIX ITO3BOJIMIIO ITOBBICHTH €€ KadeCTBO.

Jass muruposanusi. Crpensio O.B., boopunes E.B., Vmasnosa E.IO, Kongamos A.A., Promuna C.1. Biusaue
MIPUPOTHO-KIMMATHIECKIX U TeorpapuuecKux ocobeHHOcTel cyOnhekToB Poccmiickoit Dexepannn Ha AEATEITHHOCTH
MOJIpa3ieieHnii TTOKapHOW OXpaHBL. bezonacnocms mexHozceHHvix U npupooHvix cucmem. 2024;8(1):20-29.
https://doi.org/10.23947/2541-9129-2024-8-1-20-29

Introduction. When determining the number and technical equipment of territorial fire departments, a survey of the
territory of the subject of the Russian Federation is carried out. This includes an analysis of the state of the existing fire
safety system of the subject of the Russian Federation, operational and tactical features of the territory under
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consideration, the frequency of fires, the risks of death and injury to people on them'. Among the factors influencing
the state of fire safety in the subjects of the Russian Federation, climatic and geographical characteristics are of great
importance. In this regard, in this work, using factor analysis, a study was conducted of the relationship between
natural, climatic and geographical characteristics of the subjects of the Russian Federation, indicators of rapid response
of territorial fire departments and fire situation indicators. Factor analysis is one of the most widely used methods aimed
at isolating a small number of latent factors from a variety of heterogencous indicators, the variation of which can
explain the change in most of the observed indicators [1-5]. This allowed us to build a mathematical model in which the
studied factors have a simple and visual structure [6]. Previously, the authors used factor analysis to study the rapid
response of fire departments [7], the social consequences of fires [8], the situation with fires in rural settlements [9], and
the readiness of fire departments [10].

Materials and Methods. The study included three stages. At the first stage, a matrix of initial indicators was
created. For this purpose, the values of 16 indicators were determined in each subject of the Russian Federation, divided
into three groups.

The first group included data characterizing the situation with fires (the designation of the indicator is indicated in
parentheses):

— the number of fires per 1 thousand people of the population, units (Y1);

— the average direct material damage from one fire, rubles (Y>);

— the number of deaths from fires per 100 thousand people, people (Y3);

— the number of people injured in fires per 100 thousand people, people (Y4).

— The second group reflected the indicators of rapid response of fire departments:

— the average time it took for the first fire department to arrive, min. (Z);

— the average time spent on extinguishing a fire, min. (Z,).

The third group consisted of indicators characterizing climatic, geographical and demographic characteristics of the
subjects of the Russian Federation:

— the population density, people/km? (X));

— the percentage of water surface area in the territory of the region, % (X2);

— the length of the sea coastline compared to the total length of the border of the subject, % (X3);

— the share of forested areas in the territory of the subject, % (X4);

— the average annual precipitation, mm per year (Xs);

— the average temperature in July, °C (Xs);

— the average temperature in January, °C (X5);

— the seismic hazard (presence of settlements with the specified seismic intensity for the degree of seismic
hazard), °C (Xs);

— the share of the territory occupied by mountains from the total area of the territory of the subject, % (Xo);

— the number of sunny days per year, (Xio).

Fire situation indicators and operational response indicators of fire departments were obtained from an electronic
database of fires, which was maintained using an automated analytical support and management system by the control
and supervisory authorities of the Ministry of Emergency Situations of Russia?.

Information on population density and forest area in the subjects of the Russian Federation was taken from the data
of the Federal State Statistics Service of the Russian Federation3. Climate characteristics of the subjects of the Russian
Federation were obtained on the reference and information portal "Weather and Climate"*. When determining the
seismic hazard in the subjects of the Russian Federation, the data from SP 14.13330.2014 were used®.

The selected statistical indicators were characterized by a wide range, which was due to different sizes of the
subjects of the Russian Federation (territory area and population), as well as differences in their natural, climatic and
geographical conditions. In this regard, in order to make statistical data more uniform, a number of indicators have been
normalized. This made it possible to transform many natural indicators into synthetic indicators. The normalization of

" Ob utverzhdenii metodik rascheta chislennosti i tekhnicheskoi osnashchennosti podrazdelenii pozharnoi okhrany. Order of the Ministry of
Emergency Situations of Russia from 15.10.2021 No. 700. URL: https://base.garant.ru/403136953/ (accessed: 18.12.2023) (In Russ.).

2 Ob utverzhdenii Reglamenta raboty v informatsionnoi sisteme "Avtomatizirovannaya analiticheskaya sistema podderzhki i upravleniya kontrol'no-
nadzornymi  organami MChS Rossii”. Order of the Ministry of Emergency Situations of Russia No.954 from 04.10.2022. URL:
https://fireman.club/normative-documents/prikaz-mchs-rossii-954-ot-04-10-2022-ob-utverzhdenii-reglamenta-raboty-v-informaczionnoj-sisteme/
(accessed: 11.12.2023) (In Russ.).

3 Regiony Rossii. Sotsial'no-ekonomicheskie pokazateli 2022. TFederal State Statistics Service of the Russian Federation. URL:
https://rosstat.gov.ru/folder/210/document/13204 (accessed: 08.12.2023) (In Russ.).

* Spravochno-informatsionnyi portal "Pogoda i klimat".URL: http://www.pogodaiklimat.ru/ (accessed: 08.12.2023) (In Russ.).

3 Seismic building design code. SP 14.13330.2018 from 25.11.2023. URL: hitps://docs.cntd.ru/document/550565571 (accessed: 08.12.2023) (In Russ.).
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indicators was carried out for the area of the territory of the subjects (population density, the proportion of forests and
water surface from the area of the territory of the subject) and for the population (number of fires, the number of deaths
and injuries in fires).

Further modeling was carried out using the obtained matrix of synthetic indicators. Significant factors were
identified using three of the most common methods: centroid, principal component, and maximum likelihood. All three
methods gave similar results, which were consistent within statistical errors. Subsequently, the principal component
method was used to perform factor analysis.

At the second stage, significant factors were obtained using the principal component method. To facilitate their
interpretation, the rotation of the obtained factors was performed using the following methods:

— varimax (this method, by reducing the number of variables for each factor, allowed for a better separation of factors);

— quartimax (this method, by reducing the number of factors related to each variable, made it possible to identify the
general factor and simplify interpretation);

— biquartimax;

— equimax.

Before performing the rotation, factor loads were normalized using the Kaiser method. This made it possible to
exclude the influence of variables with great similarity on the result. In subsequent studies, the varimax rotation method
was used, since the analysis of the results showed that factor loads did not significantly depend on the rotation method.

As a result of the factor analysis, five significant factors were obtained. The share of the total variance explained by
these factors was distributed as follows: the first factor — 22.1%, the second factor — 15.4%, the third
factor — 12.1%, the fourth factor — 9.7%, the fifth factor — 7.7%. These five significant factors explained 67.0% of
the total variance.

Table 1 shows the values of factor loads for each of the five factors (significant indicators are highlighted in bold).

Table 1
Matrix of factor loads
Variable Factor
(indicator) 1 2 3 4 5
Y 0.019 -0.179 0.681 0.212 -0.308
Y, 0.692 0.028 -0.241 0.027 0.123
Y; 0.692 0.164 0.484 -0.123 0.021
Y4 0.821 -0.095 0.229 0.046 -0.121
Z -0.362 0.587 0.417 0.091 0.306
Z> 0.009 0.218 0.509 -0.343 0.265
X -0.093 0.069 -0.587 -0.086 -0.063
Xz 0.018 0.234 0.056 0.070 -0.836
X3 0.000 -0.373 -0.155 -0.422 -0.532
X4 0.236 -0.305 0.536 -0.357 0.002
Xs -0.334 0.026 0.008 -0.758 0.016
Xe -0.636 0.032 -0.062 0.630 0.200
X5 -0.646 0.357 -0.343 -0.144 0.040
Xsg -0.073 -0.833 0.097 0.174 0.133
X9 0.058 -0.841 0.180 -0.019 0.051
X1o -0.437 -0.322 0.191 0.630 -0.081

At the third stage, a creative task was solved that went beyond the formal method. A meaningful interpretation of
the obtained factors using subject terms was carried out.

Results. It was found that the following variables made the greatest contribution to the first significant factor:

— the average direct material damage from one fire, rub. (Y>);

— the number of deaths from fires per 100 thousand people, people (Y3);

— the number of injured people per 100 thousand people, people (Y4);

— the average temperature in July, °C (X¢);

— the average temperature in January, °C (X7);

— the number of sunny days per year (Xio).

Among fire situation indicators, the indicator "the number of injured people in fires per 100 thousand people of the
population" made the greatest contribution to the first factor. This factor characterized the relationship of climatic

Technosphere safety



https:// bps-journal.ru

Safety of Technogenic and Natural Systems. 2024;8(1):20-29. eISSN 2541-9129

conditions with indicators of the situation with fires. In those regions of the Russian Federation where the climatic
conditions were more severe (low temperatures, few sunny days), there were more severe consequences of fires (more
dead and injured people, higher property damage).

This relationship is demonstrated in Figures 1 and 2, which show the dependence of the number of victims (dead
and injured people) in fires per 100,000 people on the average temperature in January. It can be seen that with a
decrease in the average temperature, the number of victims of fires increased.

20

— —_ — —_
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Number of deaths per 100 thousand people, people
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-40 -35 -30 -25 -20 -15 -10 -5 0 5 10
Temperature, °C

Fig. 1. Dependence of the number of deaths in fires per 100,000 people on the average temperature in January in the subjects of the
Russian Federation. The straight line is the result of approximation by linear function y = -0.166x + 4.338
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Fig. 2. Dependence of the number of injured people in fires per 100 thousand people on the average January temperature in the
regions of the Russian Federation. The straight line is the result of approximation by linear function y = -0.248x + 3.565
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For the second significant factor, the following variables were the most essential:

— average time it takes for the first fire department to arrive, min. (Z1);

— seismic hazard (the presence of settlements with the specified seismic intensity for the degree of seismic
hazard C) (Xs);

— percentage of the territory occupied by mountains from the total area of the territory of the subject, % (Xo).

The second factor characterized the relationship of the indicators of rapid response of fire departments with the
geographical features of the subjects of the Russian Federation. There was an important dependence. The larger the
territory of the subject was occupied by mountains, the shorter the average time for which the first fire department
arrived at the place of the call was.

Figure 3 provides the distribution of factor loads for three groups of indicators in the plane of factors 1 and 2.

0.8

0.4

factor 2
(@]

-1.0

factor 1

Fig. 3. Values of factor loads in the plane of factors 1 and 2. The indicators of the first group are indicated in green, the indicators of
the second group are indicated in red, and the indicators of the third group are indicated in blue

The following variables made the greatest contribution to the third significant factor:
— the number of fires per 1,000 people, units (Y1);

— the number of deaths in fires per 100,000 people, people (Y3);

— the average time it takes the first fire department to arrive, min. (Z);

— the average time spent on extinguishing a fire, min. (Z»);

— population density, people/km? (X1);

— share of forests from the area of the territory of the subject, % (X4).

Technosphere safety
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The third factor describes the relationship between fire situation indicators and rapid response indicators with
population density and forest cover of the territory. As previously conducted studies showed, with increasing density,
the average area of the service area of one fire department decreased, resulting in a decrease in the arrival time of the
first fire department. On the other hand, the lower the density, the larger the area of the territory where the same number
of people lived, respectively, more fires occurred in a larger area. It is also interesting to note that with increasing
population density, the number of fire victims per 100,000 people decreased.

The fire situation was also affected by the area of forests. With an increase in the share of the territory of the subject
of the Russian Federation occupied by forests, the number of fires per 1,000 people increased.

The dependence of the number of fires per 1,000 people on population density was obtained. As it can be seen in
Figure 4, the number of fires decreased with increasing population density. This dependence was described by an
exponential function.

Figure 5 shows the distribution of factor loads for three groups of indicators in the plane of factors 1 and 3.

8
7 e
°
°
°
6
°
® o
5| @
oo )

Number of fires per 1000 people, units

0 10 20 30 40 50 60 70 80 90 100

Population density, people/km?

Fig. 4. Dependence of the number of fires per 1,000 people on population density. The curve is the result of approximation by
exponential function y = 3.412¢0.010%
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Fig. 5. Values of factor loads in the plane of factors 1 and 3. The indicators of the first group are marked in green, the indicators of
the second group are marked in red, and the indicators of the third group are marked in blue

For the fourth significant factor, the following variables are the most important:

— average annual precipitation, mm per year (Xs);

— average July temperature, °C (Xs);

— number of sunny days per year (Xo).

This factor is related to climatic characteristics of the subjects of the Russian Federation. The indicators of the first
and second groups did not make a significant contribution to this factor. It should be noted that the relationship between
the climatic characteristics of the subjects and the indicators of the fire situation was well traced from the analysis of
factor loads for the first factor (see above).

For the fifth significant factor, the following variables are decisive:

— the proportion of the water surface area of the territory of the subject, % (X>);

— the length of the sea coastline of the total length of the border of the subject, % (X3).

These hydrographic characteristics did not have a significant impact on the fire situation and on the operational
response indicators of fire departments in the constituent entities of the Russian Federation.

Discussion and Conclusion. For the first time, using factor analysis, a study of the influence of natural, climatic
and geographical features of the subjects of the Russian Federation on the level of fire safety was conducted. The
analysis showed that the following climatic, geographical and demographic indicators most significantly affect the
situation with fires and the activities of fire departments in the subjects of the Russian Federation: average temperature,
forest cover of the territory, the presence of mountain ranges, population density. Thus, when determining the number
and technical equipment of fire departments, it is necessary to take into account these features of the subjects of the
Russian Federation.
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