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Abstract
The article addresses theoretical and applicative issues concerning validation, design and
implementation of mathematical economic models for forecasting of fiscal policy regional and
national effects in an emerging economy (in case of Ukraine).
The theoretical framework integrates inductive and deductive epistemological bases.
Proceeding from the emerging economy specifics and the mid-term forecasting purpose, a
rationale is provided for using the System Dynamics modeling approach rather than AM or
CGE in case of sub-nationally detailed economic modeling.
Information distortion challenges due to shadow economy and imperfect national statistics
system have required to develop the relevant data adjustment tools, especially in taxation
modeling.
The model set presented comprises real sector, financial sector, public sector and population.
Particular models and causal chains are specified.
The overall decision support system developed is compliant with MTBF and top-down
budgeting as these require accurate disaggregate mid-term fiscal forecasts and advanced policy
analysis tools. It enables to create and update databases, to produce and to analyze mid-term
scenarios facilitated with visual interface, and, finally, to assess the regional and nation-wide
economic impact of various economic and financial regulators.
1. Introduction
Cost-effective and socially equitable fiscal policy is one of the key drivers of steady national
development. However, current situation in Ukraine is the following: the state agencies that
make decisions on economic legislature and policy change have no tools for calculating
economic scenarios and for predicting at least the mid-term consequences of their actions. As
the fiscal policies are up to hand control, their results misfit the expectations of the government
and public and create the atmosphere of government institutions distrust. The existence of such
an atmosphere was demonstrated by the wave of protests of small and middle business
representatives that took place in the country in 2010 during the preparation and adoption of the
Tax Code of Ukraine.
The scientific foresight of fiscal policies impact cannot be based only on the historic analysis of
actual data and given tendencies. It demands the special tools like simulation models. Three
classes of models are generally used to simulate the consequences of economic policies:
accounting models (AM), computable general equilibrium models (CGE), and system dynamics
models (SD). The AM-model examples are Financial Planning Framework (IMF) and Revised
Minimum Standard Model-Extended (World Bank) (Model Building: RMSM-X Reference
Guide, 1995). Examples of CGE-models are the "Dynamic Revenue Analysis for California"
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(USA) (Dynamic Revenue Analysis for California, 2013) and "Russia: Centre - Federal District"
(RF). The examples of SD-type of models are World3 (Meadows D.H. and Jorgen R., 2004),
(Forrester J. W., 1970) and Threshold 21 (Bassia A.M. and others, 2009).
However the referenced models do not account for the regional specificity and (or) the
institutional features of an emerging economy comprehensively. Thus it was crucial to design an
information analysis system for sub-national fiscal decision making that would cover the
specific features of the Ukrainian economy.
The system should include:
mathematical models of oblast (regional) economies,
databases for model building and checking,
software that facilitates user interface,
and overall system management orgware.
2. Idea of the system
The core idea of the Information analysis system for budget process support (IASBP) lies in
creating a coherent set of databases and software for regional and nation-wide fiscal policy
impact evaluation.
It is supposed that IASBP users (deputies of Verkhovna Rada, central and regional officials)
will get an opportunity to design and analyze the scenarios of regional and national economy
dynamics under selected parameters of regulators (e.g. under current and changed taxes, under
current and new natural gas prices, etc.) (Figure 1). The system is supposed not to produce
recommendations on target-setting and decision making, but to provide the information needed
for this2.
The basic modeling object in IASBP is an oblast economy (Figure 1). An oblast is the main
administrative and territorial unit of Ukraine and the largest sub-national territorial unit of the
budget system.
The economy of each oblast is a dynamic system that functions in specific Ukrainian
institutional environment, which is characterized by persistent formal and informal rules (legal,
social, political, etc). That is why taking into account the peculiarities of the system is a
necessary condition for the adequate modeling of its behavior under fiscal policy impacts.

2

As M. Allais says: “The aims can be revealed only by functioning of political system, in procedures
that differ from country to country in one or another epoch. Meanwhile, the same problem is solved – the
achieving of compromise between different citizens’ aspirations, and as usual, the aspirations are
contradictory.

As to an economist, he/she can answer only two questions: 1. Are the aims compatible with each other?
2. Are the used means the best to achieve the aims set? Economics does not define the choice; it only
gives the scientific information according to which the reasonable choice of aims should be made.
It is a dangerous error to think that economics can help to work out scientific decisions. The models that
are developed under operational research cannot give managers any ready-made solutions. They can just
define the consequences of the decisions, given the assumptions accepted. The same is the case for the
models that are developed by planning offices for their governments (Allais M., 1964)”.
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Figure 1. Structure of the information analysis system

Legend
1 – Request for forecast

CMU – Cabinet of Ministers of Ukraine

2, 4 – Forecasts

NBU – National Bank of Ukraine

3 – Scientific specification of inquiries

SSC – State Statistics Committee

5 – Mathematical economic models

STAU – State Tax Administration of Ukraine

6 – Software, hardware, telecommunications
infrastructure

RMFD – Regional Main Financial Departments

7 – Primary data inquiry

RSDS – Regional State Department of Statistics

8 – Primary data

RSA – Regional State Administrations

9 – Models parameterization

RDNBU – Regional Departments of NBU

RSTA – Regional State Tax Administrations

In particular, it should be taken into consideration that:
1) Real sector enterprises are the backbone of Ukrainian oblast economies. They create
the major part of the added value and make the major contribution to all budgets. In the case of
Donetsk oblast, these are large metallurgical, machine building, coal mining and trade
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enterprises. That is why the real sector models should make the core of the fiscal policy regional
impact research program;
2) Ukraine is a market economy; however, in contrast to developed postindustrial
countries, it is an emerging one, and has the relevant institutions in stage of formation, which
cannot perform the set of functions typical for developed countries. Hence, inter alia, it makes
no sense to model the stock market: the trading volume is not large, and it is not directly related
to economic development financing (it is used, to a greater extent, as a property redistribution
tool);
3) The economic agents’ activities base on the settled informal standards of behavior
(tax evasion, using corruption for business issues resolution, etc). In some cases, in addition to
the usual transformation costs (resources spent to transform raw materials into finished
products), the activities are associated with high transaction costs (intellectual property
protection, contract enforcement, search of information, etc.);
4) Besides the formal economy, the results of which are reflected in accounting and
financial reports, there exists a large shadow economy, the activities hidden from the state and
out of state accounting and control.
3. Modeling methodology
Each method of dynamic systems modeling has its own scope and is used in such situations in
which it can give an explanation (why something happens), or understanding (how it happens)
of investigated phenomena. However, the scopes may overlap, and then the prerequisites for the
synthesis of various methods emerge.
In the study of the forms of human behavior that determine the allocation of scarce resources to
alternative purposes (the range of economic science according to L. Robbins, 1935), it is
important to note that: "... a mode of existence of "goods" and the mechanisms of their
"disposal" are institutional by nature" (Searle J. R., 2005), defined by the settled institutions’
features).
Institutions are not something unalterable, given for the last time. They are changeable,
inheritable and selectable as well. At the same time, in some economic sectors some social
technologies are more developed, in others are less. In particular, it is well evident in
transformation economies, where many elements of market system have not formed yet for
various reasons.
If economic agents operate under streamlined stable socio-political practical procedures, "within
the rules", their mode of behavior is easier (more economical) to simulate using hypothetical
and deductive methodology, taking descriptively simplified neo-classical assumptions,
including the rational behavior under the condition of full awareness (provided that the results
of such modeling are empirically confirmed)3.

3

It is important to emphasize that the usual criticism of the neoclassical premises of rational behavior
and full awareness of the economic agents, as unrealistic, is not always appropriate. Point is that
"unrealistic" may be understood at least in two ways: as unexhaustive description of reality, and as
erroneous, false one (Nagel E., [1963]). It is obvious that the above mentioned assumptions not always
can be called false, because in certain circumstances, economic agents are really well informed and act
rationally. Therefore, these conditions are to be considered incomplete in the sense that they abstract
away from the complexity of the empirical world, for a more precise description of which additional
conditions are usually required (Kanazawa S., [1988]). This incompleteness makes sense, since a theory
is considered to be the more fruitful the fewer premises it uses. As noted by M. Friedman: "A hypothesis
is important if it “explains” much by little, that is, if it abstracts the common and crucial elements from
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If we consider a sphere of activity where any sustained procedure of social and political
practices is absent, and there is the problem of "rules choice", then the best modeling approach
is the experimental and inductive one, involving the search for patterns of behavior in the
circumstances, that reflect economic realities, rather than some postulated rationality (under the
mentioned condition of empirical confirmation)4.
Again, relatively localized areas with variously developed institutions are present within an
evolving oblast economic system. Whereas different research techniques are relevant to model
the particular parts of a unified system, therefore different methods are possible and necessary to
be used within a unified model of oblast economy. In this sense, the contradiction between the
predominantly deductive neoclassicism and the mostly inductive institutionalism is losing its
relevance. Therefore, the IASBP modeling of, for example, production output (when usual
"industrial" problem of the best use of limited resource supply within the established production
rules is solved) is based on aprioristic neoclassical production function; while the modeling of
investment (when one needs to choose the avenues for future business development under the
increased uncertainty in transformation economy) is based on inductive methods for posterior
patterns detection from the primary "chaos" of statistic data.
Three classes of models are generally used to simulate the consequences of economic policies:
accounting models (AM), computable general equilibrium models (CGE), and system dynamics
models (SD). SD-modeling was used as a basis to develop IASBP. This choice stems from the
purpose that is to assess not immediate but midterm (i.e., several years) impact of alternative
decisions in fiscal policy. SD-models, as it follows even from their name, fit the purpose better
than AM and CGE-models.
Second, whereas the IASBP simulation objects are particular oblast economies, which are
obviously more open systems than a national economy (production and consumption are not
confined within the regions), therefore the market equilibrium and market clearing assumptions
of AM-and CGE-models are not realistic in this case.
Third, the problems of the economic agents’ behavior variability and the damping of finitedifference equations have no fundamental significance for mid-term period.
Among the IASBP SD-models there are the models of objects and models of their behavior
under the influence of economic and financial regulators.
4. General characteristics of the model set
IASBP model set is divided into two groups: 1) object models (mathematical analogs of objects
and phenomena that make up an oblast economy) and 2) models of financial and economic
regulators (mathematical equivalents of the regulation entities’ actions that affect the social and
economic processes in an oblast economy to achieve target parameters).
Object models, in turn, comprise the models of agents and models of markets (Figure 2).
Models of agents. There are four types of economic agents in IASBP: real sector enterprises
(A1), financial sector institutions (A2), public sector organizations (A3) and population (A4).
the mass of complex and detailed circumstances surrounding the phenomena to be explained and permits
valid predictions on the basis of them alone" (Friedman M., 1953).
4

For example, agent-based computational economics (using such key terms as bounded rationality, nonequilibrium dynamics, and direct inter-agent interactions) develops modern virtually inductive tools.
Furthermore, with computer simulations, "... the properties of a system are derived from the recurrent
interactions between simple objects, not from the requirements of rationality and equilibrium established
by the modeler" (Fagiolo G., Roventini A., 2008).
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It is suggested that the industries within an oblast are not interconnected, and each industry’s
product has its own separate market. Therefore, there is no need to model input-output balance
in this case6.
The enterprises of each industry manufacture products, using capital and labor
 

Yi     kf ( K ifr )    kv ( K ivr )   kl ( Lhi )      i ,
K ifr  0, K ivr  0, Lhi  0,
kf  0, kv  0, kl  0,

kf  kv  kl  1,

where Yi is the output of industry ε in period
prices);

i

(1)

(without VAT and excise duty, in compatible

K if is the net fixed capital in industry ε in period i ( K if  0);
Kiv is the working capital in industry ε in period i ( Kiv  0);
Lhi is the labor input (measured in hours) in industry ε in period i ;

i is the number of period;
  is the parameter of neutral technology effectiveness in industry  ;

kv is the working capital coefficient in industry  ;

kf is the fixed capital coefficient in industry  ;
kl is the labor intensity of industry  ;
  is the return to scale in industry  (the degree of function’s homogeneity)    0;
   1 / (1    ) is the elasticity of resources substitution in industry  ;
 i is the inflation rate in period i.7
The duration of a period (time step) is six months8.

6

The exception is the manufacture of food products, beverages and tobacco that are intended primarily
for consumption within the oblast, as well as trade, which provides services to sell these goods.

For a forecast we take  i = 1, so the forecast is performed in the prices of the last reporting period. If,
for example, the data for 2006-2010 are used for model set parameterization, then the forecast for 20112013 will be at the prices and terms of the second half of 2010. It is assumed that inflation does not
distort the results of the parameterization, since the same effect will be on both the function value
(output) and the argument value (production factors).
7

8

The choice of such time step is because a half of a year is the shortest time interval for which the
relatively reliable and comparable inter-annual accounting information on the performance of enterprises
and organizations is available in Ukraine. As for the quarterly and monthly reported data, it often has
significant variations, which are unexplainable in terms of mathematical modeling.
International Journal of Governmental Financial Management - Vol. XIV, No 1, 2014

7

Commodity cost depends on depreciation, labor costs (wages with charges), resource costs and
other costs related to production volume, energy prices (for end-consumers), land charge, and
credit interest. It is defined by the formula

Ci     k K i
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(2)
where   is the industry scale coefficient;

ka is the average depreciation rate (for one period) in industry  ;

til and tiE are the effective rates of wage charges (contributions to social insurance and
social security funds) and land charge, respectively, in industry ε in period i ;
Lmi is the labor costs in industry ε in period i ;
im is the share of imported materials in the total supply for industry  ;

kic is the exchange rate (to USD) in period i ;
i is energy costs in industry  in period i ;
vr B
vr
 Bi ri  Bi  0
;
p is credit interest, p  
 Bivr  0
1
B
i ,

B
i ,

Bivr is the average remaining credit debt of the enterprises of industry ε in period i ;

ri B is current credit interest rate in period i ;
g  , r ,   ,   ,   , s are industry intensity parameters.
The energy costs depend on particular energy prices (natural gas, oil products, coal, and
electricity). In IASBP, this dependence is presented as a translog cost function (Christensen L.,
Greene W., [1976]). In this case, this function is
gas
gas
oil
oil
el
el
ln( Ei )  b0  ln(Yi )  bcoal ln( picoal
 )  b ln( pi )  b ln( pi )  b ln( pi ) 
gas
gas 2
oil
oil 2
el
el 2
2
0,5bcoal ln( picoal
 )  0,5b ln( pi )  0,5b ln( pi )  0,5b ln( pi ) 
gas
coal _ oil
oil
coal _ el
el
bcoal _ gas ln( picoal
ln( picoal
ln( picoal
 )ln( pi )  b
 )ln( pi ) 
 )ln( pi )  b
oil
gas _ el
el
oil _ el
el
bgas _ oil ln( pigas
ln( pigas
ln( pioil
 )ln( pi )  b
 )ln( pi )  b
 )ln( pi ),

(3)
coal

where pi

is coal price for industry ε in period

i;

pigas
 is natural gas price for industry ε in period i ;

pigas
 is oil products price for industry ε in period i ;
piel is electricity price for industry ε in period i ;
International Journal of Governmental Financial Management - Vol. XIV, No 1, 2014

8

b... are industry parameters.
Demand for products depends on the type of a market. Each industry’s product has its market.
The markets are classified into two types (table 1).
Table 1. Commodity markets in the model
Production of means of production (P1)

Production of consumer goods (Р2)

Market equilibrium models
Yi  Yi  Yi

Yi  Yi  Yi

Yir  Yid

Yir  Yid

d

I

O

d

I

O

Demand determining factors
Domestic market (Р11)
Yi   (Y( i 1)  ,
IA

Yi    (Y( i 1)  , PS i ,

Yi  (1  

IA

IA

Yi   (Y( i 1)  ,
O


j

imp
i

I

(Р21)

IA

S  T ),
d
i

Domestic market

Foreign market
(Р12)

)Yi

IA

O

A



S  T j ),
d
i

Sid  T j imp ) i

Yi  (1  
I

Foreign market
(Р22)

imp
i

)Yi

IA

Yi   (Y( i 1)  ,
O

O

Sid  T j imp ) i

Legend

Yid


T j is the effective weight-average growth rate of the

is the total demand (in domestic and foreign

markets) for the product of industry



in period

industries, that consume the commodities produced by
industry  , and therefore influence the demand for its
products in year j ( i  j )

i

YiI is the domestic demand for the product of industry
 in period i , that is satisfied by domestic production
YiO is the foreign demand for the product of industry
 in period i
YiIA

is the total domestic demand for the product of

is the demand seasonality index for industry

period

i

by import

 i

is the parameter of substitution of Ukrainian

enterprises’ products by third countries’ products at foreign
markets (default  i  1 )

Tj

industry  in period i , that is satisfied both by
domestic production and import

Sid

c
M
iimp
  f (ki , Ti ) is the part of the domestic demand
for the products of industry  in period i , which is satisfied

imp

is the effective weight-average growth rate of foreign

economies that import the products of industry  in year



in

PSiA
period

j

is the growth rate of population’s purchasing power in

i
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Domestic demand can be met by domestic production and by imports; the ratio is determined by
the available technology and depends on the exchange rate. A fall of UAH to USD exchange
rate leads to a decrease in imports purchasing power of Ukrainian enterprises and citizens, and
vice versa.
rz

The equilibrium cost of products sold ( Yi ) is calculated as:

Yirz  min Yid ;Yis  ,
Yir  Yirz iex

(4)

kic
 Yirz (1  iex ),
c
ki1

(5)

iex is the share of the products exported by the industry in their total cost in period i ,
iex  f ( i ) ;

where

kic is the exchange rate (to USD) in period i .
The financial result of sales is profit or loss. Each industry can include both enterprises that
profit, and ones operating at a loss.
(A2) Financial sector is represented by a number of commercial banks. The activities of the
other types of financial intermediaries, particularly those that operate in the stock market, are
not modeled specifically within IASBP. This is because the Ukrainian stock market is a major
source neither of investment in real sector enterprises, nor of private income for a range of
reasons (historical, institutional, etc.).
Commercial banks concentrate temporarily free funds from households and enterprises and
distribute them on a fee basis among those clients (individuals and legal entities), that impose
the effective demand for financial resources. The gross income of banks is formed as the
difference between the interests received from debtors and paid to creditors. Other kinds of
services that commercial banks usually provide to their customers and get extra-interest income
from are not considered in this case.

Individual deposits. Given the large variety of deposits, which individuals have in banks
(demand deposits, time deposits and combined ones, replenishable, partially withdrawable,
multicurrency, compound deposits, etc.), the model uses a semiannual representative deposit
( DiL ) :

DiL  f w ( iL ,Wi A , Ti G ),

(5)

where  i is the population’s propensity to invest into bank deposits in period i ;
L

Wi A is the total regional net private income in period i ;

TiG is the Ukrainian GDP growth rate in period i .
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Taking into account the Ukrainian realities, the population’s propensity to invest into deposits
G
depends more on the economic growth rate (Ti ) , than on deposit interest rate9 and can be
described by the following logistic curve:

1

 iL  y    G  ,
 Ti  

(6)

where TiG is the intensity parameter in period i ;




  
 ,  ,  are coefficients, 0    1,   0,   0.
1

1





The logistic curve is a typical S-form curve with asymptotes lim y   ; lim y   .
x 
x 

Corporate deposits, which are the legal entities’ recourses borrowed by banks (demand
deposits, time deposits) depend on their working assets in the previous period
( K ivr1  K (vri 1) ) and are calculated by the formula





Div  f d ( K ivr1 ,T j G ).

(7)

Financial intermediaries act as entrepreneurs who sell goods, money in this case. This means
that, within available resources, they provide interest-bearing loans to enterprises of all
industries and to population.
The following sequence of credit settlement is adopted in IASBP:
1) the funds borrowed by commercial banks (liabilities), that make their credit base, are
decreased by legal reserve rate for active operations;
2) the credits are given to legal entities;
3) the credits are given to individuals;
4) the surplus is invested into financial capital (securities, interbank loans, etc.).

9

For a number of institutional reasons, the Ukrainian households do not actually have any other access to
capital markets than through commercial banks. Yet, the real (inflation-adjusted) bank deposit interest
rates may be negative. For example, in each month in 2006, average interest rates (annualized) on
individual deposits did not exceed 11%, while the consumer price index (CPI) accounted to 111.6%.
Only the individual time deposit interest rates were higher than the CPI. In 2007, weight-average interest
rates on retail deposits in national currency did not exceed 14%, while the CPI (2006 = 100%) reached
16.6%. At the same time, the real (i.e. adjusted for GDP deflator) amount of retail deposits increased by
25%. In 2008, the weighted average interest rate on individual time deposits in national currency did not
exceed 20%, while the CPI growth rate was 22.3%. A similar situation was observed in 2009-2010.
Thus, at first glance, there is a paradoxical situation: real interest rates are negative, but deposits are
increasing.
In fact, there is nothing paradoxical in this. With no real investment alternatives, the households tend to
minimize the inflation impact on savings and the risk of cash self-storage through depositing funds in
commercial banks. The dominant impact on their decision comes not from the deposit interest rate, but
from the availability of temporarily idle cash balances, which, in turn, is determined by the economic
growth. The proposed functions of the propensity to invest reflect this fact.
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(A3) Public sector is represented by a range of legal entities endowed with state or municipal
property on operational management basis and performing non-commercial functions. These are
budgetary organizations and extra-budgetary funds. All of them are grouped in accordance with
the established functional classification of expenditure (CFCE).
They receive funding from the regional and state budgets (budget organizations) and from the
payers of social contributions (extra-budgetary funds) to provide public administration,
education, healthcare, welfare, etc. Other funding (self-financing and charitable contributions) is
not specifically reviewed in this case and is considered to be quasi-permanent.
IASBP uses the approach, which is that, for modeling purposes, budget organizations are
considered not as really functioning physical objects but as "black boxes" that input the
affordable state funding from, and output public services provision. The internal structure of
these «black boxes» (the condition of fixed and working capital, manufacturing process
specificity, actual financial needs in terms of sustainable growth, etc.) is not investigated. This
approach is technically easier to implement, and it better reflects the specifics of budget process
organization in Ukraine, where the financing of budget organizations’ costs is determined by not
real, but the so-called "optimal" needs, that is, those that are a pragmatic compromise between
the demands of organizations for their normal operation and development on the one hand, and
the real possibilities of cost coverage from the budget on the other hand.
IASBP uses the second budget organizations modeling approach. In essence, this means
modeling not the organizations themselves but their budget functions (purposes).

The degree of the functional disaggregation of the expenditure. IASBP models the basic
functions performed by budget organizations. Further expenditure disaggregation of particular
functions to sub-functions (e.g., for health care it would correspond to medical specialization) is
not provided at the current stage of IASBP development.
A model forecasting the expenditure for item γ (budget expenditure function) can be formally
represented as


X  i  f X   L i ,  E i , O i    F i ,

(8)

where  L i is the general budget fund spending for labor payment with charges in period i;


E i is the general fund spending for utilities and energy in period i;



O i is other spending of budget general fund in period i;



F i is the special budget fund spending in period i.

Tax payments by legal entities and individuals are the major source of budget revenue. In
accordance with the Budget Code of Ukraine, they are distributed between the state budget and
local budgets. Such weighty national taxes, like VAT, profit tax, personal income tax, land
charge, excise and customs duties (for import and export) are modeled particularly in IASBP.
Some of them come to the State Budget of Ukraine fully or partially (VAT, profit tax, excise
and custom duties), while the others get to oblast budget system (personal income tax and land
charge). All the other taxes are not specified in IASBP, as being unimportant for public revenue
generation.
(A4) Population links oblast economy into a whole. On the one hand, the residents of certain
area are the source of labor for the real sector enterprises, financial institutions and public sector
organizations. On the other hand, people receive income in the form of wages, interest, and
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social benefits (pensions, welfare, etc.) that determine the real demand for consumer goods and
the amount of savings that can be used to finance the extended reproduction of the economy.
IASBP represents the economically active population, i.e. people aged 15 to 70 years, who
provide labor supply to produce goods and services (private and public) in oblast economy. The
population consists of two groups: employed and unemployed.
An industry’s labor demand is determined by capital maintenance needs

QLdi  f Q ( K i ).

(9)

As already noted, IASBP assumes that oblast labor supply sustainably exceeds the demand, and
therefore the equilibrium number of employees is determined by the demand

Q




Lr
i

  QLdi .

(10)

 

In turn, the total number of unemployed in period

i is defined as



U i  max  U i 1   QLri ;0  ,
 



(11)

where Ui1 is the number of unemployed in the previous period;

 QLri  QLri  QLr( i 1) is the aggregate change of labor requirement in industry  in
period i .
Aggregate average wage determines labor motivation and features the capacity for labor
reproduction, professional and cultural development. It depends on the total payroll and the
number of employed

wi  fl  Lmi , Q Li  ,

(12)

where Q L i is the number of employed in industry  in period i .
A

Net total oblast household income (Wi ) is defined by the formula

Wi A  f w ( ( Lmi   iw )).

(13)



Consumer purchasing ability growth rate is defined as

Wi A M ipens tibV tibA kic
,
PS  A
V A
c
Wi 1 M ipens
1 ti ti kib
A
i

(14)

where ib is the ordinal number of the period previous to tax rate change.
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5. Models of economic and financial regulators
The state, represented by legislative and executive agencies, influences regional social and
economic processes with regulators, by which we will understand the market intervention
instruments applied to the commodity, capital, labor and public service markets.
The regulators are divided into economic and financial ones. IASBP includes the following
economic regulators:
minimum wage;
energy prices (gas, oil products, coal, electricity).
Among the financial regulators there are:
national currency exchange rate (UAH/USD);
tax rates (including social taxes).

Tax impact on the public service quasi-market. Taxes directly affect the supply (budget
revenue) through the changing of compulsory payments bases and rates. On the demand side
(expenses by functional classification), tax impact is both direct (wage charges paid by the
employees of public institutions), and indirect, through oblast economic growth that depends on
the tax impact in commodity markets.
As follows from the above, the tax effects on the behavior of companies that operate in
commodity markets are of the key importance. Therefore, they are discussed in more detail
further.
Taxes affect the behavior of corporate taxpayers10 through the forced nonequivalent seizure of a
part of their revenue for public purposes. Therefore, if there were no tax evasion costs, the
companies would not pay taxes at all. However, as far there are such costs, so far the rational
and fully informed economic agents (as it is considered in neoclassical economic theory)
partially pay taxes and partially evade them, having compared the marginal benefits and
marginal costs of tax evasion. Institutional and evolutionary theories assume that economic
agents are not completely rational and informed. Therefore, the rules (institutions) that prevail in
a given place at a given time define the “official payments/corrupt payments/covert tax base”
proportion. The rules reflect the “path dependence,” i.e. the current events depend on the past
circumstances as well as on the current ones.
In any case, the change of the nominal (statutory) rate of any tax runs the chain of economic
processes, the sequence of which is presented in Figure 3.
In the initial situation, an enterprise calculates the income tax liability by the rates specified in
tax returns (single one as in the case of profit tax, or several returns as in the case of excise duty
or customs duty). However, the actual tax payments may be less (due to tax reliefs, credits,
exemptions, underpayments) or more (due to the advances, penalties, overpayments) than the
rated value. The ratio of the amount actually paid to the declared (legal) tax base is the actual
legal average tax rate j (tjn ).

10

IASBP assumes that all taxes are paid by enterprises, including the personal income tax, which is
charged from the source of payment.
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Figure
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(15)

and the aactual total tax
t ratio (
i ) denote the ratio off the total tax paymentt to the totaal valueadded (inncluding the covert tax base)
b
in inddustry ε in pperiod i
r

ir    i / ViA .

(16)
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If tax shifting opportunities are limited, then at least a part of the additional tax burden falls on
an enterprise resulting in the increase of planned total tax ratio and, consequently, planned legal
tax ratio. We refer to it as “planned” because a rational (bounded rational) economic agent seeks
to evade state-imposed additional liabilities using all available opportunities. Such actions
reduce the increase of actual total tax ratio (which is the purpose of evasion), and, consequently,
of actual legal tax ratio. The latter is important because shadow business income is not specified
in IASBP models, and enterprises’ reactions to the government’s actions in the field of taxation
are tracked through the legal tax ratio. The reverse reaction is expected from an enterprise if the
planned total tax liabilities are reduced.
The composition of tax coefficients (ratios) is determined by IASBP specifics of economic
processes modeling and depends on the type of tax. All taxes are divided into two types:
(H1) taxes that act as a product price surcharge (VAT and excise duties11);
(H2) taxes, which constitute a part of product price (corporate profit tax, wage charges,
land charge, import customs duty12).
This distinction is important from the standpoint of the tax shifting modeling. Tax shifting
varies across the particular commodity markets (see P11, P12, P21 and P22 in Table 1).
6. IASBP formation and maintenance technology
The practical implementation of IASBP model set has required:
1) establishment of the information support, i.e. to develop the methodical provisions and
datasets of socioeconomic indices, that characterize the operation of oblast economy in
retrospective;
2) parameterization of the models using these actual data, i.e. to calculate the numerical
values of the variables and constants in the formulas that mathematically describe the processes
simulated;
3) implementation of the developed mathematical models in system dynamics
environment, to check their stability (the ability to maintain the current state in the presence of
external influences) and adequacy (the ability to reproduce the main features of the system’s
behavior (Forrester J. W., [1970], Forrester J. W., [2007]);
4) development of IASBP software based on system dynamics principles;
5) development of the organizational support for IASBP.

Checking the model set for adequacy was performed by comparing the estimated values of the
targets for the planning period (i = n+1) to their actual values (Table 2).

11

Export customs duty is a price surcharge too. However, in Ukraine it is applied to a limited range of
goods and has a small share in the total amount of taxes. Thus, its influence on the behavior of economic
agents is not considered in IASBP.

12

Group H1 does not include personal income tax. This tax is neutral for enterprises: it reduces personal
incomes of individuals, but does not apply to any costs or profits of legal entities. Of course, in practice,
there are no completely neutral taxes at all, and personal income tax touches the economic interests of
enterprises. The tax reduces the real wages of workers. This may lead to labor outflow if labor market
situation is adverse to the employer, so he is forced to hold staff by incurring at least a part of personal
income tax load. However, in this case, we do not take this into account, based on the realistic
assumption that labor supply is excessive in Ukraine.
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Table 2. Comparison of the estimated and actual values of Donetsk oblast
economic indicators for the first half of 201013
Real sector, UAH million
CTEA

Yi

Yˆi

Error

Lmi

Lˆmi

CA

13 573

13 239

2.5%

2838

2941

3.6%

CB

2259

2166

4.1%

244

240

1.6%

DA

7231

7131

1.4%

421

410

2.6%

DJ

65 009

66 840

2.8%

1647

1788

8.6%

DK, DL, DM

13 878

12 667

8.7%

884

871

1.5%

G

74 927

74 838

0.1%

762

662

13.1%

I

9747

9707

0.4%

1428

1578

10.5%

38 885

38 729

0.4%

3082

3801

23.3%

225 509

225 317

0.1%

11 306

12 291

8.7%

X
Total

Error

Financial sector, UAH million

Di

Dˆ i

Error

Bi

Bˆ i

Error

Individuals

21 267

20 203

5.0%

14 089

16 219

15.1%

Legal entities
Total

11 539

12 654

9.7%

35 033

37 630

7.4%

32 806

32 857

0.2%

49 122

53 849

9.6%

Public sector, UAH million
Revenue section of the oblast budget
Revenue items



i



ˆ i

Error



iw

2647

2648

0.0%



iE

492

492

0.0%




i



Official transfers
Total revenue
Legend:

3386

2440
3911

3686

2422
3911

Expenditure section of the oblast budget
CTEA

0.0%

Xi



Xˆ i

Error



X 01,i

253

253

0.2%



X 07,i

1840

1978

7.5%



X 08,i

1557

1550

0.4%



X 09,i

182

189

3.8%



X 10,i

193

288

48.7%

X 11,i   X 13,i

283

282

0.3%

Total expenditure

6031

6048

0.3%

9.0%

0.6%





Yˆi , Lˆmi , Dˆ i , Bˆ i ,  ˆ i ,  Xˆ i are the estimated values of indicators; Yi , Lmi , Di , Bi ,   i ,  X i , are

the actual values of indicators.
13

The variables and constants used to calculate the predicted values of the indicators for the second half
of 2010 had been parameterized with 1HY 2006 to 2 HY 2009 dataset.
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The IASBP model set’s ability to reproduce the trends of the regional economic dynamics is
illustrated in Fig. 4.
As follows from the figure, the estimated sales trend matches the actual one well. As far as
many other key economic indicators depend on sales, so far the test for adequacy can be
considered as passed.

Checking the stability of the model set. The stability in this case refers to the ability of the
models to maintain their properties under the influence of changing the values of input
variables. The following algorithm is used: 1) select the input variables; 2) set a rule of their
values change (random variable distribution function); 3) select the current value of a variable
within the tolerance region14 using random number generator; 4) calculate the targets of a
model; 5) repeat steps 3 and 4 several times. When the procedure is complete, the parameter
spread analysis leads to a conclusion about the model set stability.
Economic and financial regulators, i.e. minimum wage, energy prices, tax rates, UAH to USD
exchange rate, were used as the input variables. The model has demonstrated a sufficient
stability after 1000 experiments: the main targets’ deviation from their initial values
(commodity sales and labor costs in the cost) does not exceed 25%.
IASBP is implemented as a software tool based on information technology. It belongs to the
class of decision support systems, the subclass of situation centers. The purpose of a situation
center is to support the real time analysis of actually occurring and hypothetical situations and
forecasting their evolution under the planned management actions.

UAH million

Figure 4. Actual and estimated aggregate sales revenue trends in Donetsk oblast

Actual

14

It is set by experts with regard to realistic considerations (e.g., profit tax rate cannot exceed 50%,
annual economic growth rate does not exceed 20%, etc.).
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The following basic tools are used in IASBP software:
Microsoft Excel application package applied for raw data processing and model
parameterization;
PowerSim system dynamics environment, for the implementation and configuration of the
mathematical economic model set;
Microsoft Visual Basic.NET programming environment, which integrates Basic syntax
and the elements of object-oriented and component-oriented programming languages, is
used to create the user interface and to arrange the data access;
Microsoft SQL Server database management system is used for storage and structuring of,
and to provide a reliable and secure access to IASBP data stores;
database query language of TRANSACT-SQL programming environment, which
implements ANSІ/ІSO standard is used to perform structured queries with extensions.
The main elements of IASPB software are:
database, the statistical data about the activities within the real, financial and public sectors
and population, regulatory and reference information, model estimates;
import utility to input statistical data from Microsoft Excel templates into the database;
interpretative program for Powersim SD models presentation in IASBP;
IASBP user interface implemented in Microsoft Visual Basic.NET programming
environment.

7. Conclusion
When the primary problem of IASBP creation was set, there were serious concerns that it would
not be solved. But this was neither because the authors were skeptical about the feasibility of
mathematical models and information technology in economics (although the “presumption of
guilt” in mathematical formalism has a right to exist) nor because ones do not have a sufficient
experience in solving complex scientific problems. There was another reason, namely that the
simulation object is very complex and, just as important, only partially open to observation:
shadow economy accounts for, according to various estimates, 40-50% of GDP in Ukraine.
It turns out that the behavior of the object must be judged only by the behavior of its explicit
part. If we draw a physical analogy, we have to predict the movement of an iceberg by the
observations of the above-water part. Physicists by some indications can identify the shape and
weight of iceberg’s underwater part, and, accordingly, make scientific predictions (verifiable
statements) about the direction and speed of the whole body’s movement by the forces of wind
and water. In the case of an economic system, as the experience of IASBP creation shows,
reliable scientific predictions of development trends are theoretically possible. However, the
usual tools based on the assumption of agents’ rationality (bounded rationality) alone are
insufficient. This is not because agents behave irrationally (unpredictably), but because the
actual rationale for their behavior is hidden from the observer.
The solution of this difficult problem is partly facilitated with the ‘inside’ knowledge of the
situation and understanding of the fact that human behavior is usually not arbitrary but framed
by the institutional rules prevailing in a given place and at a given time. In view of this
circumstance, one cannot expect a drastic transformation of economic system to occur in a small
time interval (while the existing institutions remain). The way to solve the problem of scientific
predictions based on incomplete information proposed and tested in IASBP is to construct an
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inductive analogue of such rules in the form of relatively stable relationships identified between
the official economic indicators, which indirectly reflect the “underwater” part of the economy.
In practice, this tool really works. In conjunction with other economic, mathematical and
information processing tools, it enabled us to develop and practice IASBP buildup and support
technology. It allows for creating and updating the databases describing the economic processes
in oblast and national economy; producing and analyzing various scenarios for their mid-term
dynamics; performing computational simulations aimed to assess the extent of various economic
and financial regulators’ impact on particular oblast economies and the overall economy of
Ukraine.
But, of course, this does not mean that all major problems have been solved.
First, in order to properly delineate the scope of IASBP and understand when it predicts
correctly, and when it already begins to make mistakes, one should know the country-specific
“half life” of the dominant rules. Obviously, in our case it is more than a year (during this time
new rules can appear, but it is difficult to distribute them across the region or country), but less
than twenty years (two decades ago, Ukraine was a quite different socialist country inhabited by
people with moral norms and rules of economic behavior, that are distinct from modern ones).
So a three-year forecast period, adopted in IASBP, in principle, can be considered as one of the
acceptable options.
Secondly, it is not enough to identify the period; we must also know the general trends of rule
change. For this, it should be noted that behavior patterns, varying in time and space, are not
only determined by external forces (e.g., punishments and rewards), but depend on the internal
biological nature of man as well, “External signals and ontogenesis of each person interact with
genetic predisposition in each specific situation, creating myriads of complex patterns of
behavior” (Palmer J., Palmer L, 2002). It means that the complete research program for the
problem should include the methods of evolutionary economics, aimed at identifying the longterm trends of economic populations’ development. This is a school of economic thought, which
emerged rapidly in recent decades (Stoelhorst J.W., 2008), but its scientific principles have not
yet been fully exploited in the design of the IASBP presented here.
Thirdly, we need a mechanism to anchor the mid-term forecast parameterization to the vector of
long-term evolutionary trends.
Obviously, these will be very difficult things to do. The work in this area is ongoing.
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