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1. Introduction

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

environment (disasters at nuclear power plants, tsunamis, 
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 
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Розроблено комбiнований метод прогнозу-
вання процесу виникнення надзвичайних ситу-
ацiй природного характеру, який вiдрiзняєть-
ся тим, що дозволяє здiйснювати комплексний 
прогноз надзвичайних ситуацiй як в цiлому, так 
i за видами з врахуванням тенденцiй перiодич-
них змiн даного процесу. В якостi узагальне-
ного параметру даного процесу розглядаєть-
ся кiлькiсть надзвичайних ситуацiй за деякий 
перiод часу. З врахуванням дiї всiх дестабiлiзу-
ючих факторiв цей процес доцiльно зобразити у 
виглядi адитивної сумiшi систематичної перiо-
дичної та випадкової складових. Систематична 
складова уявляє собою полiном деякого ступе-
ня. Виявлення та оцiнка параметрiв перiодичної 
складової здiйснюється на основi статистично-
го критерiю, пiдпорядкованого хi-квадрат роз-
подiлу. Для прогнозування випадкової складової 
використовується метод групового врахування 
аргументiв. Прогнозування надзвичайних ситу-
ацiй за видами здiйснюється ймовiрнiсно-ста-
тистичним методом прогнозу.

Необхiднiсть розробки комбiнованого 
методу прогнозу пов’язана з тим, що iснуючi 
методи прогнозу надзвичайних ситуацiй орiєн-
тованi в основному на прогнозування окремих 
видiв надзвичайних ситуацiй. Iснуючi методи 
не вирiшують задачi комплексного прогнозу-
вання надзвичайних ситуацiй. Крiм того слiд 
зазначити, що для процесу виникнення природ-
них надзвичайних ситуацiй характернi наяв-
ностi перiодичних складових довiльної форми. 
Врахування таких складових при прогнозуван-
ня надзвичайних ситуацiй дозволить глибше 
проаналiзувати процеси виникнення та роз-
витку надзвичайних ситуацiй.

В результатi експериментальних дослi-
джень встановлено, що застосування комбi-
нованого методу дозволяє здiйснювати про-
гнозування надзвичайних ситуацiй як мiнiмум 
на рiк вперед з вiдносною похибкою прогнозу не 
бiльше трьох вiдсоткiв.

Кориснiсть i доцiльнiсть застосування 
даного методу обумовлена тим, що комбi-
нований метод об’єднує метод регресiйного 
аналiзу, метод перевiрки статистичних гiпо-
тез, метод групового врахування аргументiв. 
Це дозволяє компенсувати недолiки одних за 
допомогою iнших, що призведе до пiдвищення 
точностi прогнозування
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гiпотез, метод регресiйний аналi
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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 
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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 emer-
gencies 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]:

Z(t)=C(t)+X(t)+m(t),  (1)

where Z(t) is the number of natural emergencies over a 
certain period (generalized parameter); C(t) is the sys-
tematic component of the generalized parameter; X(t) 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(t) systematic component in the form of a poly-
nomial of k degree [23]

( ) 2
0 1 2 ... .k

kC t r r t r t r t= + + + +   (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 meth-
od (LSM):

( ) 1
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T is the matrix of (n×k) 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

We denote a random process by Y Z ! X m= − = + . It 
contains the sum of the periodic component and the random 
component after removal of the systematic component.

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

,n qp n= + ′   (5)

where n is the length of implementation; p is the period of the 
periodic component; q is the number of periods of the periodic 
component in implementation; n′  is the number of Y(t) discrete 
values that are not included to implementation of qp length.

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

' '

1
,

Y X m

Y X m

⊗     
= +          ′

 (6)

where 

( )T

0 1 1, ,..., qpY y y y −=
 

is the block matrix of Y(t) implementation values of (qp×1) 
dimensionality; 

( )T'
1 1, ,...,qp qp nY y y y+ −=
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is the block matrix of Y(t) implementation values of ( );n′x1  
dimensionality; 

( )1 1,1,1,...,1
T=  

is the matrix of (q×1) dimensionality; 

( )T

0 1 1, ,..., pX x x x −=  

is the block matrix of values of a periodic component of 
(p×1) dimensionality; 

( )T'
1 1, ,...,qp qp nX x x x+ −=

is the block matrix of values of a periodic component not 
included in implementation of qp length of ( 1)n ×′  dimen-
sionality; 

( )T

0 1 2 1, , ,..., qpm m m m m −=  

is the block matrix of values of a random component of 
(qp×1) dimensionality; 

( )T

1 1, ,...,qp qp nm m m m+ −=′  

is the block matrix of values of a random component of 
( 1)n ×′  dimensionality; ⊗  is the symbol for a Kronecker 
product; n qp n= + ′  is the length of implementation; p is the 
period of a periodic component; q 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]:

2
1

2
0

2
,

ˆ

p

i
i

d W
−

=

 
=  σ 

∑   (7)
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We determine estimates of the discrete values of the pe-
riodic component ˆix  and 2σ̂  variance as follows:
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T

2
' ' '

1 11
ˆ .

Y X Y X

Y X Y Xn

   ⊗ ⊗       
σ = − −           ′         

  (9)

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(t) 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(t)=Y(t)–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(tfc)=C(tfc)+X(tfc)+m(tfc). (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)·Pi,  (11)

where Z(tfc) is the forecasted value for the number of emer-
gencies of i-th type for a forecasting period; Pi is the proba-
bility of emergency of i-th type at occurrence of an emergen-
cy of natural character.

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

,i
i

n
P

n
=   (12)

where n is the total number of natural emergencies for a moni-
toring period; ni 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 
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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].

 

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(t) input implementation n=15 (t= 
=1, 2, 3,…, 15), we find C(t) systematic component in the 
form of a regression model of the form:

( ) 2 3
0 1 2 3 .C t r r t r t r t= + + +   (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).

 

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(t) implementation. Fig. 3 shows the graph of the 
periodic component.

 
Fig.	3.	Graph	of	X(t)	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. 

 Fig.	4.	Values	of	m(t)	random	component	and	its	m(tfc)	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(tfc) random component 
correlated with values of m(t) 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-
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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:

1 0,03.

n

i
i

n
=

∆
∆ = ≈

∑
(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.

Fig.	5.	Actual	Z(t)	and	forecasted	Z(tfc)	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

Fig.	6.	Graph	of	the	change	in
	
∆

	
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.

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 
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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.
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