0 m,

Po3spooaeno rxombinosanuii memoo npoznosy-
8aHHA NPOUECY GUHUKHEHHA HAOIGUUAUHUX CUmMY-
auiii npupoonozo xapaxmepy, AKuil 6i0pisHAEIb-
A mum, wo 00360.J15€ 30IUCHIOBAMU KOMNIEKCHUL
nPo2HO3 HAO36UMAUHUX CUMYAUIU K 8 ULIIOMY, MaK
i 3a eudamu 3 6paxyeaHHaAMm meHoeHuil nepioout-
HUx 3MiH 0anoeo npouecy. B axocmi y3zazanvhe-
HO020 napamempy 0aHoz0 NPouecy po3znA0Acmv-
ca KitbKicmb Ha036uMainux cumyauii 3a 0esxui
nepiod wacy. 3 epaxyeannam oii écix decmadinizy-
touux paxmopis yeii npovuec 0ouinbHO 300pazumu y
6u2a101 adumMueHoi cymiuti cucmemamuunoi nepio-
duunoi ma eunaoxosoi cknadosux. Cucmemamuuna
CKN1a008a YABNAE COHOI0 NOJIHOM 0esK020 cmyne-
Hst. Busigaienns ma oyinka napamempis nepioounnoi
CKI1a00607 30TUCHIOEMbCA HA OCHOBT CMAMUCIMUYHO-
20 Kpumepito, nionoOPa0K068an020 xi-Keaopam pos-
nodiny. /{na npoenosyeanns eunaodxoeoi cknadosoi
BUKOPUCMOBYEMBC MEMO0 2PYN06020 BPAXYEAHHS
apeymenmis. Ilpoznosyseanns naozeunaiinux cumy-
auiil 3a eudamu 301UCHIOEMbCA UMOBIPHICHO-CMA-
MUCMUMHUM MEMOOOM NPOZHO3Y.

Heooxionicms pospobrxu xombinoeanozo
Memooy npoznosy noe’szana 3 mum, wio iCHyoui
Memoou npoeHo3y HAO3BUMATIHUX CUMYAUTI OpiEH-
moeami 6 0CHOBHOMY HA NPOZHO3YBAHHS OKPEMUX
6uoie naodzsunavnux cumyauii. Icnyroui memoou
He eupiumyromv 3a0aui KOMRIAEKCHO20 NPOZHO3Y-
eanns naozeunaunux cumyauii. Kpim mozo cnio
3asnauumu, wo 01 NPOUeCy GUHUKHEHHI NPUPO0-
HUX HA038UMAUHUX CUMYauUill XapaxmepHi HaAsA6-
HOCMi nepioduunuUx cKAA006UXx 0068L1bHOT Popmu.
Bpaxyeanns maxux ckaadosux npu npozHo3yean-
HA HAO36UMAUHUX cumyauiii 00360aumMv 2audwe
npoananizyeamu npouecu SUHUKHEHHS ma po3-
euUMKY HA036UMAUHUX CUmMYauiil.

B pesynvmami excnepumenmanvHux 00CJi-
0jceHb 6CMAaN06IeH0, WO 3ACMOCYEAHH KOMOi-
HOBAN020 Memody 00360J5€ 30iliCHIOBAMU NPO-
2HO3YBAHHA HAD3GUMAUHUX CUMYAUTH K MIHIMYM
Ha pix eneped 3 6i0HOCHOI0 NOXUGKOI0 NPO2HO3Y He
Oinvue mpvox éidcomxis.

Kopucnicmv i douinvnicme 3acmocyeanns
0anozo memoody oOymosnenHa mum, w0 KOMOi-
noeanuti memood 00’conye memoo pezpeciiitnozo
ananizy, Memoo nepesipKu CmamucCmusHux 2ino-
me3, Memoo 2pYnoeozo 8PaAxyEaHHs apeymeHmie.
Ile dozeonse Komnencyeamu Hedoniku 00HUX 3a
00noMm02010 THWUX, WO Npu3zéede 00 NIDBUULEHHI
MOUHOCMI NPOZHO3YBANHHA

Kniouesi cnoea: naozeuuaiina cumyauis, ysa-
eanvHeHul napamemp, Menmoo 2pYynoeozo paxyea-
HS apeymenmis, Memoo nepesipKu CmamucmuuHux
2inomes, memoo pezpeciiinuil anaui
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1. Introduction

environment (disasters at nuclear power plants, tsunamis,

There is a persistent tendency throughout the world to
the increase in contradictions between man and his natural

tornadoes, earthquakes) nowadays. All this leads to the occur-
rence of emergencies (ES) and their components, respectively,
by types, levels, and regional distribution. Their consequences




have a strong negative impact on economies of countries [1, 2].
For example, 795 emergencies occurred in Ukraine only in the
last five years. Their results are 1,266 deaths, 5,213 people suf-
fered, and the state suffered losses of UAH 1,599 million [1, 3].

The essence of emergencies of a natural character is vio-
lation of normal conditions of life and activities of people in a
particular area or object located in this area, as well as a wa-
ter body. Such emergencies relate to dangerous geophysical
and geological phenomena, soil degradation, fires in natural
ecological systems, changes in the state of air basins, infec-
tious diseases and poisoning of people, infectious diseases of
domestic animals, etc.

There are different types of natural emergencies; they are
geological, meteorological, hydrological, hydrogeological,
natural fires and biomedical emergencies. Emergencies have
the following characteristics: contingency, unexpectedness
and rapid development of events, a different spectrum of neg-
ative consequences. We can group all these factors into the fol-
lowing blocks: social-ecological, psychological, social-politi-
cal, economic, organizational-managerial, multiplicative, etc.
Emergencies cannot be long-term. It is not possible to elim-
inate them by ordinary activities in everyday situations [4].
Successful results of elimination of emergency consequences
are directly connected with timely intervention and resolu-
tion of an emerged situation.

Protection of population and territories from natural
disasters is one of the important tasks of the civil protec-
tion of the state. Ensuring of safety in emergency
situations requires reliable functioning of the emergency
response sys-tem; it should be adequate to levels and
character of threats [5].

Prevention of occurrence of natural emergencies consists
in implementation of a complex of legal, social-economic,
organizational, technical, and other activities. The aim of ac-
tivities is regulation of natural security, assessment of a risk
level and early response to threats of natural disasters [6].
The basis of the activities is factual information of emergen-
cy monitoring, expertise, research and forecasts regarding
possible development of events in order to prevent their de-
velopment into emergency situations or to mitigate possible
consequences for humans and the environment [7].

An important aspect to prevent occurrence of emergen-
cies is timely forecasting of opportunities for occurrence
and assessment of economic consequences and losses from
emergencies of natural character [8].

Thus, the necessity to respond to the threat of occur-
rence of emergencies in advance and to minimize possible
consequences proves the relevance of the study aimed at
improvement of methods for forecasting of a process of oc-
currence of natural emergencies.

2. Literature review and problem statement

A base of factual forecasting methods [9] is data from moni-
toring of emergencies for a certain period. The methods include
extrapolation and interpolation methods, extrapolation meth-
ods based on envelope curves, regressions and correlations,
factor models, expert models of logic modeling, construction of
development scenarios [10, 11].

Papers [12—14] present results of studies on application
of a probabilistic approach to forecasting of natural emer-
gencies. They show that the cumulative effect of numerous
sources of uncertainty for validity of estimates is taken into

consideration in this case. But issues of development of mod-
els of processes of occurrence of emergencies remained not
fully resolved, which makes difficult to analyze dynamics of
development of the mentioned processes. An option to over-
come the corresponding difficulties is a use of statistical and
structural forecasting models.

Statistical models described in papers [15, 16] set the
functional dependence between future and actual values of a
time series, as well as external factors, analytically. The statis-
tical models include the following groups: regression models,
autoregressive models, exponential smoothing models. Struc-
tural models set the functional relationship between future
and actual values of a time series, as well as external factors,
structurally [17, 18]. Structural models include the following
groups: neural network models, models based on Markov
chains, models based on classification — regression trees.

Works [18, 19] show that it is possible to use models
based on Markov chains in case of insufficient information
on a process of emergency occurrence. However, this model
takes into consideration only the current state of a process at
forecasting of a future state of a process. And it does not take
into consideration information on previous development of
a process. This does not make it possible to trace dynamics
of a process and to identify trends in its development. The
way out of this situation is a use of regression models. An
important advantage of autoregressive models and methods
is their simplicity and transparency of modeling, as well as
unambiguity of analysis. The disadvantages of such class of
models are a large number of model parameters, ambiguity of
their identification, low adaptability of models and inability
to model nonlinear processes of emergency occurrence. Pa-
per [19] shows this.

It is convenient to use neural network models for mod-
eling of nonlinear processes [20, 21]. The main advantage
of neural network models is non-linearity, that is, ability to
establish non-linear dependencies between future and actual
process values. The disadvantages of such models are: lack
of modeling transparency, complexity of a choice of archi-
tecture, complexity of a choice of a neural network learning
algorithm. In this regard, models based on classification-re-
gression trees are preferable [22]. Such models make it possi-
ble to process super-large amounts of data quickly, as well as
to use categorical external data. The disadvantages of these
models are ambiguity of construction of a tree structure and
lack of unambiguity of their analysis.

A common disadvantage of the considered methods and
models of forecasting is orientation towards forecasting of
certain types of natural disasters not taking into consider-
ation periodic components of an arbitrary form in the study
of processes of emergency occurrence. In addition, the meth-
ods do not make it possible to perform a complex forecast of
emergencies both in general and by types.

All the above allows us to state that the study on creation
of a combined method for forecasting of natural emergencies is
expedient. Development of this method will compensate disad-
vantages of some methods with a help of others. The aim of the
development is improvement of accuracy of forecasting of pro-
cesses of emergency occurrence and emergency development.

3. The aim and objectives of the study

The objective of the study is to develop a combined
method for forecasting of natural emergencies taking into



consideration trends of periodic changes in emergencies.
The proposed method should make it possible to make a
forecast of a total number of emergencies and the number
of emergencies of natural character of different types for a
certain period of pre-action.

It is necessary to solve the following tasks to achieve
the objective:

- to justify a choice of the generalized parameter for
forecasting of natural emergencies;

- to determine the dependence of this parameter on
destabilization factors that affect it based on factual in-
formation;

- to propose a method for forecasting of natural emer-
gencies, which makes it possible to eliminate disadvantag-
es of existing methods;

- to conduct experimental study on effectiveness of
the method of forecasting of natural emergencies.

4. Materials to study the process to change the
generalized parameter of emergencies of natural
character

4. 1. Choice of the generalized parameter for forecast-
ing the process of the occurrence of natural emergencies

We impose the following requirements on a generalized
parameter as an indicator of occurrence of a natural emergency:

- a selected parameter should reflect the main trends
of a process;

- it should characterize a process as a whole;

— it should provide possibility to obtain a quantitative
assessment with required accuracy.

Therefore, we consider the number of emergencies over
a certain period of time as the generalized parameter of a
process of occurrence of natural emergencies.

For forecasting the number of natural emergencies, it
is necessary to know their dependence on destabilizing
factors, which affect them.

Forecasting consists of determining the number of
emergencies over a certain period after the last observation
based on possible effects of destabilizing factors, which
affect a process of changing of the generalized parameter.

Taking into consideration an impact of all destabi-
lizing factors, we represent the process of changing of
the generalized parameter as an additive mixture of a
systematic component, which characterizes irreversible
processes of a parameters drift, a periodic component, and
a random component [23]:

Z2()=C(@O)+X (@) +m(t), @

where Z(¢) is the number of natural emergencies over a
certain period (generalized parameter); C(¢) is the sys-
tematic component of the generalized parameter; X(¢) is
the periodic component of a generalized parameter; m(t)
is the random component of the generalized parameter.

Such a model makes it possible to take into consider-
ation an effect of all destabilizing factors on the process of
changing of the generalized parameter of a natural emer-
gency most fully. Assessment of all three components of the
process of changing of the generalized parameter will make
it possible not only to make a forecast for each of them, but
also to analyze causes of emergencies more deeply.

4. 2. Method for assessment of a systematic compo-
nent of the generalized parameter

We find C(¢) systematic component in the form of a poly-
nomial of & degree [23]

C(t)=n+nrt+nt’ +..+nrt". 2)

We choose a degree of the polynomial in such a way that the
number of specified points is approximately five times higher
than the degree of the polynomial [24]. We can find coefficients
of the polynomial using the least-squares method (LSM):

R=(1"-1)"1" Z, (3)
where R= (7, n,rQ,...,r,e)T is the vector of coefficients of (kx1)

. . T.
dimension; Z:(21,22,...,2n) is the vector of measured values
of the generalized parameter of (nx1) dimensionality;

1 1 1

1 2 2t
T= ,

1 n nt

T is the matrix of (nxk) dimensionality.
In the matrix form, we can represent the systematic
component as:

C=T-R. “4)

Such representation is compact and convenient for fur-
ther use in calculations.

4. 3. Method for identification and assessment of a pe-
riodic component of an arbitrary form of the generalized
parameter L

We denote a random process by Y =7 —-C = X +m. It con-
tains the sum of the periodic component and the random
component after removal of the systematic component.

Let us assume that length of Y(¢) realization is not a mul-
tiple of the period of the periodic component in general case:

n=qp+n’, 5)

where 7 is the length of implementation; p is the period of
the periodic component; ¢ is the number of periods of the
periodic component in implementation; 7’ is the number of
Y(¢) discrete values that are not included to implementation
of gp length.

Obviously, in this case n’< p. Thus, we can record the
model of Y(¢) process in the matrix form:

Y B 1® X m
S ) ®
where

Y= (yovyp-"f Yop )T

is the block matrix of Y(¢) implementation values of (gpx1)
dimensionality;

Y= (yquyqp+1"“’yn—1 )T



is the block matrix of Y(¢) implementation values of (#'x1);
dimensionality;

1=(1,1,1,..,1)"
is the matrix of (gx1) dimensionality;

T
X:(xo,xl,...,xpfi)
is the block matrix of values of a periodic component of
(px1) dimensionality;
. T
X =(xqp,xqp+1,...,xn4)
is the block matrix of values of a periodic component not
included in implementation of gp length of (n"x1) dimen-
sionality;

T
m:(mo,m1,m2,...,mqp_1)

is the block matrix of values of a random component of
(gpx1) dimensionality;

T
’_
m —(mqp,mqpﬂ,...,mn_J

is the block matrix of values of a random component of
(n’x1) dimensionality; ® is the symbol for a Kronecker
product; n=gp+n’ is the length of implementation; p is the
period of a periodic component; ¢ is the number of periods of
a periodic component in implementation.

We reduce the task of identification and assessment of
the periodic component to the task of verification of statis-
tical hypotheses. We use d random variable as a criterion for
verification of validity of the hypothesis that a periodic com-
ponent is present in the implementation. d random variable
subordinates to the chi-square distribution [25]:

d=i( e ) @)

u/’, =
[
2

We determine estimates of the discrete values of the pe-
riodic component &, and * variance as follows:

i=n',n"+1,..,p.

1 I ' ,
1 (q+1)§6y"”"’ i=012...n"~1;

Y= i ®)
i=n',n +1,.,p;
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The algorithm for identification and assessment of the pe-
riod and discrete values of the periodic component consists in
finding such a value of the period of the periodic component at
which d statistical criterion has the maximum value.

If the value of the statistical criterion exceeds the detection
threshold, then we can talk about the presence of the periodic
component in this implementation. The detection threshold is
set for a given level of significance. We estimate the value of the
period and the discrete values of the periodic component for
the period in accordance with the expression (7).

4. 4. Method for forecasting of a random component of
the generalized parameter

After assessment and removal of the systematic compo-
nent and the periodic component from Z(#) implementation,
the task of forecasting of the random component arises. We
denote the random component of the process of changing of
natural emergency after the removal of the periodic compo-
nent by m()=Y({)-X(t). We can use the method of group
consideration of arguments (MGCA), as a competitor to the
method of stochastic approximation [23] to forecast the ran-
dom component of the generalized parameter. MGCA con-
sists in a recurrent solution of several systems of equations
obtained for each pair of arguments, which makes it possible
to increase the accuracy of the forecast sharply with a simul-
taneous decrease in the amount of calculations. The method
makes it possible to make calculations at time when data is
received and to take into consideration a large set of param-
eters, which are assigned with an appropriate weight, and
to select parameters for the forecast automatically [26, 27].

After determination of components of the process of
changing of the generalized parameter, we calculate the val-
ue for the number of natural emergencies for a certain period
of pre-action in accordance with the expression:

Z(tie)=C(tie) +X (i) tm(tsc). (10)

This makes it possible to make a forecast of values of a to-
tal number of emergencies and of components of this process.

4. 5. Method of forecasting of emergencies by types

We perform forecasting of natural emergencies by types
with a use of the probabilistic-statistical method in accor-
dance with the expression:

Zi(tfc)=Z(tfc)'Pir (11)
where Z(t.) is the forecasted value for the number of emer-
gencies of i-th type for a forecasting period; P; is the proba-
bility of emergency of i-th type at occurrence of an emergen-
cy of natural character.

We determine P; probability based on factual informa-
tion on natural emergencies according to monitoring results
for a certain observation period:

p=" 12)
n

where 7 is the total number of natural emergencies for a moni-
toring period; #; is the total number of emergencies of i-th type
at occurrence of natural emergencies for a monitoring period.

5. Results of experimental application of the combined
method for forecasting natural emergencies

The described method is applicable for any state based on
correct statistical data on natural emergencies monitoring



for a certain period and generalized data on the process of
their occurrence.

In addition, characteristic of natural emergencies in
any state is presence of periodic changes. A geographical
position of the state and climatic conditions determine the
periodic changes.

As an example of the method application, we implement
an emergency forecast for Ukraine, as a state, for the follow-
ing reasons:

- in contrast to other countries, generalized correct sta-
tistical data on natural emergencies in general and by types
of origin are fully known for Ukraine;

—in contrast to other countries, signs of classification
by types of emergencies are known for natural emergencies.

We use factual information on natural emergencies in
Ukraine for the period from 1997 to 2013 to study effective-
ness of the combined method.

We should note that local officials began to publish such
aggregated data since 1997 in Ukraine. The data relate to
1997-2013, because of the situation in Ukraine caused by
the military actions in the Donbas and the Luhansk region,
as well as the occupation of the Autonomous Republic of
Crimea (ARC). As a result, the data, starting from 2014, do
not fully reflect natural processes occurring in Ukraine in
general, and are not entirely correct for forecasting (limited
data for Donbas and Luhansk region, as well as the lack of
reliable data for the ARC). Thus, we conduct a forecast for
2013 with a use of the sample for 1997-2012 to test perfor-
mance of the method described.

Fig. 1 shows the dynamics of n number of emergencies of
a natural character for the period of 1997-2013 [28].
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Fig. 1. Dynamics of n number of natural emergencies of
natural character for the period of 1997—2013

We perform the forecast of the number of natural emer-
gencies for one year ahead (for 2013) based on the previous
data (1997-2012). Each time we use all available data to
express coefficients of polynomials, and leave the data for
the last year to check the accuracy (that is, the data of the
previous 15 years is for 16th year).

Since the length of Z(¢) input implementation n=15 (¢=
=1, 2, 3,.., 15), we find C(¢) systematic component in the
form of a regression model of the form:

C(t)=n+rt+nt*+nt’. (13)

Fig. 2 presents the graph of the systematic component
(point 1 corresponds to 1997, and so on, and point 16 corre-
sponds to 2013, respectively).
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Fig. 2. Graph of C(t) systematic component of the process of
the occurrence of natural emergencies

We detect and assess parameters of the periodic compo-
nent after assessment and removal of the systematic compo-
nent from Z(¢) implementation. Fig. 3 shows the graph of the
periodic component.
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Fig. 3. Graph of X(#) periodic component of the process of
occurrence of natural emergencies

We forecast the random component in accordance with
the method of group consideration of arguments after as-
sessment and removal of the systematic component and the
periodic component from Z(t) implementation.

Fig. 4 presents actual and forecasted values of the ran-
dom component for 2002—-2013.
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Fig. 4. Values of m(#) random component and its m(.) predicted
values for the period of 2002—2013: - represents
actual values of the random component; — represents
forecasted values of the random component

There are forecasted values of m(t;) random component
correlated with values of m(¢) random component with a cor-
relation coefficient of 0.979635.

We produce the forecast of a possible number of emergen-
cies of a natural character taking into consideration system-



atic, periodic, and random components in accordance with the
expression (9). Fig. 5 presents actual data and the forecasted
data on the number of natural emergencies for 2002—-2013.

Thus, there were 56 emergency situations of a natural
character recorded in 2013, and the expected value was
57 emergency situations of a natural character. We define
the module of the average relative forecast error based on
the factual information:

Ya

i

o= —~0,03. (14)

Taking it into consideration, the expected value for the
number of emergencies is in the range from 56 to 58.

In general, we can also use the method to make a forecast
for a longer period, for example, two, three, and so on years
ahead. Fig. 6 shows the graph of changes in the relative fore-
cast error at making a forecast for a year, two years, three
years, and four years ahead.
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Fig. 5. Actual Z(#) and forecasted Z(t.) values for the
number of natural emergencies for the period of 2002—
2013: — represents actual values of a number of

emergencies; - represents forecasted values of a
number of emergencies
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Fig. 6. Graph of the change in |A| relative forecast error in
dependence on forecasted period

Analysis of the graph (Fig. 6) shows that the method
provides the best accuracy at forecasting for a year ahead.
However, we can also use it for forecasting for two years
ahead with a relative forecasting error of up to 18 %, and
then the forecast accuracy deteriorates sharply.

We determine the expected value of the number of
emergencies by types based on the forecasted value of
emergencies in 2013.

We use factual information on emergencies for 1997—
2013 to calculate probabilities of occurrence of various
types of emergencies in the case of occurrence of natural
emergencies in Ukraine. “National Reports on the State of
Technogenic and Natural Safety in Ukraine” present these
data annually.

Fig. 7 shows the calculation results. We used the fol-
lowing designations in Fig. 7: 1 - geological emergencies,
2 - meteorological emergencies, 3 - hydrological emergen-
cies, 4 — emergencies due to fires in natural ecosystems,
5 - medical and biological emergencies.
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Fig. 7. Results of calculations of probabilities of natural
emergencies by type (1 — geological emergencies,

2 — meteorological emergencies, 3 - hydrological
emergencies, 4 — emergencies due to fires in natural
ecosystems, 5 — medical and biological emergencies)

An analysis of the calculations (Fig. 7) shows that in
the case of occurrence of an emergency in Ukraine, the most
likely ones are the biomedical (with a probability of 61 %)
and meteorological (with a probability of 23 %) emergencies.

The estimated number of geological emergencies is from
1 to 2 (actually, 2), meteorological emergencies from 12
to 13 (actually, 12), hydrological emergencies from 2 to 3
(actually, 2), emergencies due to fires in natural ecosystems
from 2 to 3 (actually, 2), biomedical emergencies - from 34
to 36 (actually, 38).

6. Discussion of results of experimental study into
combined method for forecasting of emergencies of
natural character

The combined forecasting method makes it possible to
make a forecast of possible number of emergencies for a cer-
tain pre-action time, taking into consideration the systematic
(trend), periodic and random components of the process of
occurrence of emergencies. The method combines methods of
regression analysis, testing of statistical hypotheses, MGCA
and probabilistic-statistical method of forecasting. This makes
it possible to compensate disadvantages of some methods with a
help of others and improves the accuracy of forecasting.

Assessment of all three components of the process of
changing of the generalized parameter makes it possible not
only to make a forecast for each of them, but also to analyze
causes of emergencies more deeply.

The results of the experimental study (Fig. 2-7) showed
that the combined method makes it possible to forecast
emergency situations at least a year ahead with a relative
forecast error of no more than three percent.

In general, we can use the method to forecast for several
years ahead. At the same time, we use forecasted values as



the latest statistical data, which inevitably leads to the loss
of forecast accuracy. For example, for a forecast for two
years ahead - the relative error of the forecast is about eigh-
teen percent, for three years — about thirty-two percent,
and for four years — about fifty-two percent. Thus, we can
make a forecast for one or two years ahead with acceptable

accuracy.

Consideration of periodic changes makes it possible
to trace tendencies of periodic changes in the process of
occurrence of natural emergencies due to an influence
of destabilizing factors on its change. This circumstance
plays an important role in a long-term planning of mea-
sures aimed at prevention or pre-action of such phenomena,
maintenance of civil defense forces at a level, which guaran-
tees an adequate response to emergencies and minimization
of damage caused by them.

The proposed method makes it possible to forecast both
the total number of emergencies and the number of natural
emergencies by types for some time of prevention taking into
consideration trends of their periodic changes.

We should note that MGCA solves the problem of con-
struction of a mathematical model, which approximates
an unknown pattern of the process. A sample of available
data contains implicitly information on the process. Thus,
there are some difficulties in the selection of destabilizing
parameters of the process due to limited possibilities of their
measurement.

It is necessary to direct further improvement of the
method to the study of seasonal changes, which are charac-
teristic to natural processes and phenomena.

7. Conclusions

1. We showed that the number of emergencies for a cer-
tain period of time describe the process of the occurrence of

natural emergencies in general and reflects main trends of
the process in general.

2. Taking into consideration an impact of all destabilizing
factors, it is necessary to present the model of the process of
changing of the generalized parameter in the form of an addi-
tive mixture of a systematic component, which characterizes
irreversible processes of drift of parameters, periodic and ran-
dom components. Such model makes it possible to take into
consideration an influence of all destabilizing factors on the
process of changing of the generalized parameter more fully and
to analyze causes of occurrence of an emergency more deeply.

3. We proposed a combined method for forecasting of
emergencies of natural character. The approach combines
the method of regression analysis to forecast a systematic
component of the generalized parameter, the method of
verification of statistical hypotheses to identify a periodic
component and the method of MGCA to forecast a random
component. We used the probabilistic-statistical method to
forecast the number of emergencies by type.

The combined method makes it possible to compensate
disadvantages of some methods using other methods in order
to improve accuracy of a forecast. The advantage of the pro-
posed method is the ability to perform integrated forecasting
of both the total number of emergencies and the number
of emergencies by type taking into consideration trends of
periodic changes.

4. We carried out experimental studies on effectiveness
of application of the developed method for forecasting of
natural emergencies based on statistical data on natural
emergencies in Ukraine. We established that the method
makes it possible to forecast natural emergencies for a year
ahead with a relative forecast error of no more than three
percent, two years ahead — about eighteen percent, three
years ahead - about thirty two percent, four years ahead —
about fifty two percent. Thus, we can make a forecast up to
two years ahead with acceptable accuracy.

References

1. Zvit pro osnovni rezultaty diyalnosti Derzhavnoi sluzhby Ukrainy z nadzvychainykh sytuatsiy u 2017 rotsi. URL: http://www.dsns.

govaua/files/2018/1,/26,/Zvit%202017(KMY).pdf

2. Guskova N. D., Neretina E. A. Threats of natural character, factors affecting sustainable development of territories and their
prevention // Journal of the Geographical Institute Jovan Cvijic, SASA. 2013. Vol. 63, Issue 3. P. 227-237. doi: https://

doi.org/10.2298 /ijgi1303227g

3. Numerical simulation of the creation of a fire fighting barrier using an explosion of a combustible charge / Dubinin D., Korytch-
enko K., Lisnyak A., Hrytsyna 1., Trigub V. // Eastern-European Journal of Enterprise Technologies. 2017. Vol. 6, Issue 10 (90).
P. 11-16. doi: https://doi.org/10.15587/1729-4061.2017.114504

4. TIvanets H. V. Analiz stanu tekhnohennoi, pryrodnoi ta sotsialnoi nebezpeky administratyvno-terytorialnykh odynyts Ukrainy na

osnovi danykh monitorynhu // Zbirnyk naukovykh prats Kharkivskoho universytetu Povitrianykh Syl. 2016. Issue 3. P. 142—145.

5. System approach for readiness assessment units of civil defense to actions at emergency situations / Tiutiunyk V. V, Ivanets H. V., Tolkun-
ov I. A, Stetsyuk E. 1. // Scientific Bulletin of National Mining University. 2018. Vol. 1. P. 99—105. doi: https://doi.org/10.29202/

nvngu,/2018-1/7

6. Nivolianitou Z., Synodinou B. Towards emergency management of natural disasters and critical accidents: The Greek experience //
Journal of Environmental Management. 2011. Vol. 92, Issue 10. P. 2657-2665. doi: https://doi.org/10.1016/j.jenvman.2011.06.003
7. Golovan Yu. V,, Kozyr' T. V. Zashchita naseleniya v chrezvychaynyh situaciyah. Organizacionno-metodicheskiy kompleks. Moscow:

Prospekt, 2015. 219 p.

8. Neisser F, Runkel S. The future is now! Extrapolated riskscapes, anticipatory action and the management of potential emergencies //
Geoforum. 2017. Vol. 82. P. 170—179. doi: https://doi.org/10.1016 /j.geoforum.2017.04.008

9. Novoselov S. V., Panikhidnikov S. A. Problems in prediction of number of emergencies by statistical methods // Mining Informa-
tional and Analytical Bulletin. 2017. Issue 10. P. 60—71. doi: https://doi.org/10.25018,/0236-1493-2017-10-0-60-71



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Extrapolation of Functions of Many Variables by Means of Metric Analysis / Kryanev A., Ivanov V., Romanova A., Sevastianov L.,
Udumyan D. // EP] Web of Conferences. 2018. Vol. 173. P. 03014. doi: https://doi.org/10.1051 /epjconf/201817303014
McCarthy J., Graniero P, Rozic S. An Integrated GIS-Expert System Framework for Live Hazard Monitoring and Detection //
Sensors. 2008. Vol. 8, Issue 2. P. 830—-846. doi: https://doi.org/10.3390/s8020830

Vasiliev M., Movchan I., Koval O. Diminishing of ecological risk via optimization of fire-extinguishing system projects in tim-
ber-yards // Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu. 2014. Issue 5. P. 106—113.

Development of the technique for restricting the propagation of fire in natural peat ecosystems / Migalenko K., Nuianzin V., Zem-
lianskyi A., Dominik A., Pozdieiev S. // Eastern-European Journal of Enterprise Technologies. 2018. Vol. 1, Issue 10 (90). P. 31-37.
doi: https://doi.org/10.15587/1729-4061.2018.121727

Predictor-weighting strategies for probabilistic wind power forecasting with an analog ensemble / Junk C., Delle Monache L.,
Alessandrini S., Cervone G., von Bremen L. // Meteorologische Zeitschrift. 2015. Vol. 24, Issue 4. P. 361-379. doi: https://
doi.org/10.1127 /metz,/2015 /0659

Cheyas I. A, Smith L. S. Neural Network Approach to Time Series Forecasting // Proceedings of the World Congress on Engineer-
ing. London, 2009. Vol. 2. URL: http://www.iaeng.org/publication/WCE2009/WCE2009 pp1292-1296.pdf

Morariu N., Iancu E., Vlad S. A neural network model for time series forecasting // Romanian Journal of Economic Forecasting.
2009. Issue 4. P. 213-223.

Hinman J., Hickey E. Modeling and forecasting sort-term electricity load using regression analysis // Journal of Institute for Reg-
ulatory Policy Studies. 2009. URL: https://irps.illinoisstate.edu/downloads/research /documents/Load ForecastingHinman-Hick-
eyFall2009.pdf

Mazengia D. H. Forecasting Spot Electricity Market Prices Using Time Series Models. Gothenburg, 2008. 89 p.

Pradhan R. P, Kumar R. Forecasting Exchange Rate in India: An Application of Artificial Neural Network Model // Journal of
Mathematics Research. 2010. Vol. 2, Issue 4. P. 111-117. doi: https://doi.org/10.5539 /jmr.v2n4p111

Al-Jumeily D., Ghazali R., Hussain A. Predicting Physical Time Series Using Dynamic Ridge Polynomial Neural Networks // PLoS
ONE. 2014. Vol. 9, Issue 8. P. ¢105766. doi: https://doi.org/10.1371 /journal.pone.0105766

Szoplik J. Forecasting of natural gas consumption with artificial neural networks // Energy. 2015. Vol. 85. P. 208—220. doi: https://
doi.org/10.1016/j.energy.2015.03.084

Yohannes Y., Webb P. Classification and regression tress: A User Manual for Identifying Indicators of Vulnerability to Famine and
Chronis Food Insecurity. International Food Policy Research Institute, 1999. 59 p. URL: http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.1.1523&rep=rep1 &type=pdf

Ivanets H. V., Tolkunov I. O., Stetsiuk Ye. I. Model protsesu zminy uzahalnenykh parametriv nadzvychainykh sytuatsiy pryrodnoho
kharakteru // Problemy nadzvychainykh sytuatsiy. 2016. Issue 23. P. 46—52.

Ivahnenko A. G., Lapa V. G. Predskazanie sluchaynyh processov. Kyiv: Naukova dumka, 1971. 416 p.

Ivanec G. V. Odin iz metodov ocenivaniya periodicheskoy sostavlyayushchey lyuboy formy sluchaynogo processa pri proiz-
vol'noy dline realizacii izmeryaemogo parametra // Zbirnyk naukovykh prats Kharkivskoho universytetu Povitrianykh Syl. 2017.
Issue 1 (50). P. 38—41.

Stepashko V. S. Dostizheniya i perspektivy induktivnogo modelirovaniya // Upravlyayushchie sistemy i mashiny. 2017. Issue 2.
P. 58-73.

Balasyanyan S. Sh., Gevorgyan E. M. Sravnitel niy analiz metodov regressii i metoda gruppovogo ucheta argumentov pri modeliro-
vanii processov pererabotki poleznyh iskopaemyh // Izvestiya Tomskogo politekhnicheskogo universiteta. Inzhiring georesursov.
2016. Vol. 327, Issue 4. P. 23—34.

Natsionalna dopovid pro stan tekhnohennoi ta pryrodnoi bezpeky v Ukraini u 2013 rotsi. Kyiv, 2014. 542 p.





