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Macro-level Modelling of Budget Support for Social Risk Management 
  
 The article formulated and implemented the conceptual statement of the problem of constructing a 
mathematical model consisting in obtaining the function of interpolation, as well as a mathematical statement, 
which found an expression in the calculation of local extremes of the cubic polynomial weight of social 
expenditures of the state budget.  As a fundamental assumption of the macro-level model of budget support for 
social risk management, the approach is set out in the ESSPROS methodology - the social protection and social 
security system should be the main compensatory mechanism for social risks.  The construction of the 
interpolation function of the specific weight of the state budget expenditures on social protection and social 
security in total expenditures is carried out in the computing algorithms environment Wolfram | Alpha. The 
constructed mathematical model of budget support for social risk management provided an opportunity to obtain 
a mathematical algorithm, which formalized the uncertainty situation related to the probabilistic nature of the 
risk manifestation and made appropriate projected estimates. 
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Statement of the problem. One of the important components of the theory of social 

processes management is a set of quantitative research methods, due to which you can not 
only optimize the management process, but also minimize the subjectivity when choosing a 
managerial solution. 

Most of the managerial solutions in the social sphere are traditionally considered in 
the area of solution of the tasks of choice optimization, management and resources 
distribution. Their theoretical model is the problem of linear programming, in which the  
___________ 
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variables zyx cba ;;  are always deterministic and have accurate numerical values. However, 
actually, such determinism is rare: the social sphere is characterized by the availability of a 
significant number of social risks, and therefore the manifestation of causal relationships is 
multifactorial and multidimensional, which results in the uncertainty in making managerial 
decisions. Since probabilistic processes can be described by their quantitative characteristics 
(mathematical expectation, dispersion, mean square deviation, coefficient of variation, etc.) or 
distribution laws, the i ssue of the peculiarities of constructing mathematical models and 
solving problems of optimization and distribution of social budget resources under conditions 
of uncertainty is topical. 

The urgency to develop and use macro-level models for financing social risk 
management is conditioned by the following reasons: social risk is only one of the great 
variety of risks, but it has its own essential features; social risks are manifested at the level of 
life of an individual, but at the same time, they are not individual by nature, since they are 
conditioned by the structural and functional features of the development of social relations, so 
it determines the degree of satisfaction of the basic vital needs for the individual or social 
groups. 

The development of the macro-level model of the budget support system for social 
risk management will allow to determine the parameters of predictive structural changes and 
it will open new opportunities for shifting the corresponding parameters to the normative 
(ideal) level, keeping changes in permissible intervals and avoiding devastating tendencies in 
the socio-economic development of the country. 

Analysis of recent researches and publications. Karl F. Bannör and Matthias Scherer 
emphasize that the uncertainty of the model and its parameters is quite widespread. If a person 
falls into an ambiguous complex situation, then for its formalization it is expedient to use a 
stochastic model, but there is also a choice between other models. Even after constructing a 
specific parametric model, the correct determination of its parameters remains a rather 
complicated task. However, the application of stochastic models provides new opportunities 
for their simplification, especially for solving financial problems [1, p. 288].  

T. Boyarchuk developed a mathematical model of the quantitative assessment of 
social protection of the population of Ukraine, which takes into account the level and 

significance of the established indicators of social protection [2, p. 13]: 
n

i
iikIP

1
s.sec. %100 , 

where s.sec.P  – the level of social protection of the population,%;   – the level of the relevant 
indicator (in most cases 10Ii ); ki – weighted coefficient of the i   – the indicator;   i  = 
1...n, n = 6.  

V. Proskura, investigating the methodological approaches to risk management, 
concludes that the risk determines the possibility of deviation, that is, the non-matching of the 
planned and actually received result of the decision, which is conditioned by the presence of a 
certain number of restrictions of motivational, managerial, professional competence, social 
psychological and physiological nature. Risk management is the modelling of the possibility 
of deviation, that is, the non-matching of the planned and actually received result of the 
decision, determined by the effect of certain restrictions of motivational, managerial, 
professional competence, socio-psychological and physiological nature [3, p. 606]. 

Y. Oliynyk proceeds from the fact that the multidimensional model of integration 
development, in addition to the development strategies of individual sectors and areas, 
involves the formation of elements of the model, which focus functional actions on achieving 
intermediate results, which do not always have quantitative results, aimed at achieving 
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quantitative and qualitative results when implementing all the functional elements of the 
implementation of a multidimensional model [4, p. 34]. 

O. Savastieieva believes that the risk of the effectiveness of the budget process is the 
probability of not achieving the maximum level of effectiveness and efficiency of the budget 
process, which may be inherent in the whole stage of its implementation. The peculiarities of 
the budget process at the local level and the multidimensional risks associated with the budget 
process at the local level prove the necessity to study and group the risks of the effectiveness 
of the budget process the united territorial community by establishing an appropriate system 
with the identification of major groups and clarifying the nature of the risks. Moreover, the 
risks inherent in the budget process at the level of UTC, affect the each stage of the budget 
process, but the mechanism of their influence is different [5, p. 94]. 

Thus, based on the analysis of recent publications, the issue of formalization and 
construction an appropriate mathematical model of budget support for social risk management 
remains beyond the attention of researchers and requires in-depth scientific analysis. 

Statement of the objective. The research objective is construction of a mathematical 
model of budget support for social risk management and the development of appropriate 
short-term forecasts on this basis.  

The main material. In accordance with the ESSPROS methodology, the list of social 
risks that can serve as an objective precondition for the emergence of a supporting legal 
relationship in the countries of the European Union is as follows: disease (medical care); 
invalidity; old age; dependents who have survived the breadwinners; family (children); 
unemployment; dwelling; social isolation. The list of social risks clearly outlines the scope of 
social protection in areas that are considered to be the most appropriate for EU member states 
[6]. Moreover, it serves as a tool for constructing comparable statistics in the event when the 
social institutions and norms of different countries vary considerably. The positive thing here 
is that risks determine the priority of programs which are funded by the legislative or 
institutional structures [7, p. 98]. 

The conceptual statement of the problem of constructing a mathematical model is to 
obtain the function of interpolation of the specific weight of the state budget expenditures on 
social protection and social security in general state expenditures and forecasting of the 
investigated magnitude. 

The mathematical formulation of the problem of constructing a mathematical model is 
to calculate the local extremes of the cubic polynomial weight of the state budget 
expenditures on social protection and social security. 

The basic initial assumption of a macro-level model of budget support of social risk 
management is that the social protection and social security system is the main compensatory 
mechanism of social risks. The purpose of the social protection function is to maximize the 
satisfaction of social or personal needs that arise as a result of social risks actualization at a 
certain point in time. Based on the dynamics and the appropriate list of social risks recognized 
by the state at the legislative level, one can assess the effectiveness of the social protection 
system in any country (table 1). The system is based on a mechanism for responding to social 
risks, which enables the development of certain social standards, as well as the corresponding 
state guarantees of their implementation. In turn, social standards are based on an ordered set 
of social risks, each of which has a unique description of indicators. 
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Table 1 – Dynamics of separate social expenditures of the state budget of Ukraine, 
millions of hryvnias 

 2014  2015  2016  2017  
Total state budget expenditures 430217,8 576911,4 684743,4 839243,7 
Social protection and social 
security (including social 
protection of pensioners) 

80558,2 
(75813,9) 

103700,9 
(94811,6) 

151965,5 
(142586,2) 

144478,3 
(133458,6) 

Health care 10580,8 11450,4 12456,3 16729,1 
Specific weight of 
expenditures on social 
protection and social security 
(including social protection of 
pensioners) 

0,1872 
(0,1762) 

0,1798 
(0,1643) 

0,2219 
(0,2082) 

0,1722 
(0,159) 

Specific weight of state budget 
expenditures on health care 

0, 0246 0,0198 
 

0,0182 0,0199 

Source: author's development according to the official data of the Ministry of Finance and the State Statistics 
Service of Ukraine. 

 
It is expedient to construct the function of interpolation of the specific weight of the 

state budget expenditures on social protection and social security in general expenditures by 
means of Wolfram | Alpha computing algorithms [ 8 ] using the data of Table 1. Similar 
calculations are carried out on indicators of health care expenditures. Since there is a slight 
variation in the output data set, in this case it is expedient to use interpolation applying the 
local polynomial method (Fig. 1): 
interpolating polynomial  
(social security) 

;17234141.0,4,2219481968.0,3,1797775.0,2,1872306.0,1  
interpolating polynomial  
(health care) 

.01987921.0,4,0182334.0,3,019777632.0,2,024576314.0,1  
 

 
Figure 1 – Graph of the interpolation polynomial of the specific weight of the state budget expenditures  

on social protection, social security and health 
Source: author's development. 
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Using the analytic expression of Lagrange's Local Polynomial Interpolation [9, p. 37] 
as a function:  

 3117,02119,0106,00152,0 23 xxxy ,  (1) 
enables to calculate the local extrema of a cubic polynomial in the Wolfram | Alpha 
algorithm: 

220876.031166.0211868.0105952.00151903.0max 23 xxx  
1947.3xat ; 

180905.031166.0211868.0105952.00151903.0min 23 xxx  
45528.1xat . 
The maximum value of the specific weight of the state budget expenditures on social 

protection and social security in total expenditures is 0.221, which was observed in 2016, and 
the minimum value is respectively 0.181, which was observed in 2017. As fluctuations in 
health expenditures demonstrate relative stability, further calculations should be carried out 
according to indicators of social protection and social security. 

In order to obtain the predictive investigated value (a specific weight of the state 
budget expenditures on social protection and social security), we use the extrapolation method 
for the obtained interpolation cubic polynomial by constructing the corresponding graph 
(Fig. 2).  

 
 

Figure 2 – Extrapolation of the cubic polynomial of the specific weight of the state budget expenditures 
 on social protection and social security in total expenditures 

Source: author's development.  
 
Figure 2 shows that starting with the point x = 5, which is approximately the same as 

in the last quarter of 2019, there will be a sharp decline in the specific weight of social 
expenditures in total state budget expenditures. 

It should be noted that the expenditures related to the management of social risks can 
be successfully redistributed and it will allow in the future to significantly adjust the level of 
consumption and current distribution proportions. For this purpose, as the main one, it is 
proposed to choose a modal decision-making criterion: the public administration body will 
proceed from the most probable state of the social environment for a certain period of time. 
Formalization of managerial functions in conditions of uncertainty will involve performing 
relevant calculations based on available algorithms of performance indicators [10, p. 51]. To 
construct a static model of decision making under conditions of uncertainty we will proceed 
from the following algorithm, which implies: 
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- the need to make one solution from a set of mutually exclusive decisions 
;.......1 m  

- the social environment has a set of mutually exclusive states n.......1 , however, 
the specific current or future state of the environment for the management body remains 
unknown; 

- the estimated functional jkfF  characterizes the "gain" or "loss" of the 

management body by choosing the solution k ;  

- kjjk ff ;  – quantitative assessment of the decision; 
- j  – function of the source of information; 

- nppP .........1  – probabilities distribution;  
- C  – strategy of social environment behaviour. 
 Based on the assumption that there is a single meaning  
 

 jj Pp
j

max
1  . (2) 

 
If the modal criterion is used, the control body proceeds from the fact that the social 

environment will be in the state j , and the optimum ok  or  will be determined from 
the equation: 

 

 kjkkj ff
o 11

max .  (3) 
 

If it turns out that the maximum jP  will be achieved only on a priori 

probabilities sjjj pppp ............;;
321  , then it is expedient  to determine optimal decision  ok  

or  from the following equation: 
 

 
s

kjsk
s

kjs ff
o 1

1
1

1 max
.   (4) 

 
The formal part of the decision-making process under conditions of uncertainty will 

involve the necessary calculations in accordance with the above performance indicators, 
which are determined by the evaluative functional in accordance with the chosen (modal) 
criterion.  

Conclusions and prospects for further researches. Thus, the proposed 
mathematical model of budget support for social risk management makes it possible to obtain 
a mathematical algorithm that can formalize the uncertainty situation related to the 
probabilistic nature of the risk manifestation and make appropriate projected estimates on this 
basis. Therefore, based on the analysis, the share of budgetary social expenditures will 
decrease sharply from the second half of 2019, which may lead to the growth of social 
tensions in society and the massive actions of social disobedience. In order to prevent the 
implementation of the above-mentioned negative scenario, it is expedient to reconsider the 
currently available redistributive mechanisms, as a significant non-inflationary growth of the 
state budget revenues seems unlikely.  

Among the benefits of applying the approaches suggested in the study, we should 
indicate:  
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- the sufficiency of finding only a few of the most probable states of the social 
environment, while it is not necessary to determine all its quantitative characteristics;  

- evaluation of functional characteristics only for the most probable states of the social 
environment provides additional opportunities for the efficiency of management decision 
making.  

The perspective direction of further scientific research in a certain area is the detailing 
and optimization of the constructed model, in particular the development of the function of 
interpolation of the budget financing shares according to the structure of social expenditures.  
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