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GENERAL ECONOMIC EQUILIBRIUM MODELS

MOJENI 3ATANIbHOI EKOHOMIYHOI PIBHOBAIU

The article examines the possibilities and limitations of empirical models of general econom-
ic equilibrium and makes their classification. Computable general equilibrium models are divid-
ed into two groups: the first group is based on the equilibrium price model (G. Scarf's approach),
the second is based on a multi-sectoral model of economic growth (L. Johansen's approach)
Dynamic stochastic general equilibrium models are also divided into two groups: the first group
is based on the model of the real business cycle (the approach of F. Kydland and E. Prescott), the
second is based on the model of various behavior of firms in conditions monopolistic competition
(the approach of J. Rotemberg and M. Woodford). Within each group, empirical models were
studied according to the following criteria: the scale of the economy, its openness; application
for current and future assessments, socio-economic phenomenon under study.

Key words: classification, general economic equilibrium, applied general equilibrium,
computable general equilibrium, dynamic stochastic general equilibrium.

Y emammi pozenanymo mooicnueocmi ma 0OMediCeHHs eMNIPUYHUX MOOelell 3a2aibHOL
eKoHoMIuNOI pigHogazu, 30iticheno ix kaacugirayito. Knacugikayis emnipuunux mooeneii npo-
6€0€eHA OISl KOJCHO20 MPAOUYILIHO20 MUuny mooenetl 3a2aibHoi eKOHOMIUHOT pigHosacu — 00YuUC-
JMOBAHUX MA OUHAMIYHUX cmoxacmuyHux. Modeni oO0uucnoeanoi 3a2anbHoi pisHosacu noodineHi
Ha 08I epynu: nepuia epyna 3aCHO8aHa Ha Mooeli pienosaxdcHux yin (nioxio I Ckapga), y saxiti
nobyoosaruil npocmull NPUKIAO 2106aIbHOI HeCMIUKOCMI PUHKOBOT pI6HO8A2U, Opyea — HA MYilb-
mueanysesit MoOeni eKOHOMIUH020 3pocmants (nioxio JI. Hoxancena). Ananiz macugy emnipuu-
HUX Mooenell 0036015€ CMBEPOHCYS8amu, W0 OCHOBHA YACMUHA Mooenell 3a2albHol pieHosau
nepuioi pyni, wo 00UUCTIOEMbCS, 3ACMOCOBYEMBCA 151 HOMOUHUX OYIHOK (DYHKYIOHY8ANHS 010-
0dCemHol cucmemu 3aKpumoi HayioHaIbHOI eKOHOMIKU, MoOeni Opyeoi epynu — Oisi NOMOYHUX
ma 00820CMPOKOBUX OYIHOK CMAHY BIOKpUmMoi cyoenodaibHol ma HayioHaIbHOL eKOHOMIKU Y Me-
Hcax pisHux immeepayiunux npoyecie. Mooeni ounamiunoi cmoxacmuunoi 3a2anvHoi pisHosacu
Makoo#c p030i/zem' Ha 061 epynu: nepuia epyna 3aCHOBAHA HA MO0l pedibHO20 Oi3HeC-YUKILY
(nioxio &. Kionanoa ma E. IIpeckomma), opyea — na mooeni pisnoi nogeoinku @pipm 6 ymosax
MOHONnoICMUYHOI KOHKypenyil (nioxio [ow. Pomembepea ma M. Byogopoa). Mooeni ounamiunoi
CMOXACMUYHOT 3a2aNbHOI Pi6HOGA2U NEePulol 2pynu 3aCmoCo8yIOMbCs 20106HUM YUHOM OJls
CEPEeOHbOCMPOKOBUX OYIHOK MAKPOCKOHOMIUHUX NpOoYecie (QyHKYIOHYBAHHS 2100aibHOI ma
HAayiOHANbHOI eKOHOMIKU,; MOoOeli Opyeoi epynu — OJisk NOMOYHUX MA KOPOMKOCMPOKOBUX OYIHOK
cmany 2100a1bHOl, €Y62100aNIbHOT MA HAYIOHALHOI eKOHOMIK 30 YMOG WOKI6 HA 2aly3e6Uux ma
Ginancosux punkax. Y mexncax KO#CHOI epynu 3p0ONIeHO PO3MENCYBAHHS eMNIPUYHUX MOoOerell
3G MAKUMU Kpumepisamu: Macuimad ekoHoMIKY, i GIOKpumicms, 3acmocy8anisi 07l NOMOYHUX
ma nepcneKmusHUX OYiHOK, 00CTIONHCY8aHe coyianbHo-eKoHoMiune asuuje. Ilpu eukopucmani
Mooenell 3a2anbHOi PiBHOBA2U 8 NPUKIAOHUX OOCAIONCEHHSX, HEOOXIOHO 8PAX08YEAMIL, WO HE36a-
HCAKOUU HA YUCTIEHHI CNPOOU, He 80ANI0Cs 3HAUMU CKINbKU-He0YO0b 3a2albHi ma NPUpoOHi yMosu,
wo 3abesneuyoms €OUHICMb I CMIUKICMb PIBHOBAU.

Kniouosi cnosa: xnacugpixayis, 3aeanbha eKoHOMIYHA piGHOGA2d, NPUKIAOHA 3A2ANbHA
pinosaza, 06YUCTI08ANA 3A2ANIbHA PIBHOBA2A, OUHAMIYHA CTNOXACIUYHA 3A2AbHA PIBHOGA2A.
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Formulation of the problem. There is a need to classify empirical models for each
traditional type of general economic equilibrium model — computable and dynamic
stochastic. Also, within each group, distinguish between empirical models according to
the following criteria: the scale of the economy, its openness; application for current and
prospective assessments; the studied socio-economic phenomenon.

Analysis of recent research and publications. The hypothesis about the existence of
general economic equilibrium was originally set out in the work of L. Walras. Pure political
economy was conceived by Walras as a theory of price determination under a hypothetical
regime of free competition [1-2]. The author argued that “...this theory is mathematical, which
means that although it can be stated in ordinary language, its proof must be mathematical.
It is entirely based on the theory of exchange, which, in turn, is entirely expressed — in
a state of market equilibrium — in a double fact (the central idea of the theory of general
equilibrium): firstly, the fact that each participant in the exchange receives maximum
utility, and secondly, the fact that the volumes of demand and supply for each product
are equal for all participants. Only mathematics can give us the condition for maximum
utility." These two facts underlie the equilibrium state in markets, according to L. Walras.
If the first fact defines equilibrium as the state of each individual economic entity, then the
second fact fixes equilibrium as the state of the system of interacting entities as a whole.
As new research appears, theoretical explanations (algorithms) of general economic
equilibrium inevitably become more complex, incorporating approaches from related
disciplines: game theory, algebra and linear programming [2-3]. General economic
equilibrium models are actively used as an applied tool in analyzing the effectiveness of
economic policies, as well as the influence of various types of impacts on the economy at
various levels [4]. General equilibrium models used to obtain quantitative estimates are
divided into two types: computable and dynamic stochastic.

Formulation of the purpose of the article. The purpose of this study is to systematize
existing empirical models within the framework of the general equilibrium approach.
The array under study included empirical studies covering the time period 1950-2014.

Presenting of the main material. Empirical computable general equilibrium models.
Empirical computable general equilibrium models involve the use of econometric methods,
namely the solution of a system of nonlinear equations, as a result of which it is possible
to achieve an equilibrium of supply and demand in the markets of goods, services and
factors of production. Variables are differentiated into exogenous and endogenous. Each
new endogenous variable is associated with constraints that may reflect market equilibrium
conditions, and then a fitting or calibration procedure is performed. Equilibrium is achieved
through iterative recalculation. Computable general equilibrium model algorithm comes
down to obtaining, through calibration, a system of balance equations that describe the
connections and behavior of economic agents [5-7]. Depending on the type of the initial
model, empirical computable general equilibrium models can be divided into two groups:
the first group is based on the equilibrium price model (G. Scarf's approach), the second —
on a multi-sectoral model of economic growth (L. Johansen's approach).

First group of computable general equilibrium models. 1s based on an algorithm for
calculating price equilibrium for the general economic model of exchange, proposed by
G. Scarfe [8-9]. The algorithm is based on the fixed point theorem, game theory and the
simplex method of optimization problem of linear programming [3-4]. These models are
referred to as applied general equilibrium models. The object of study of the first group of
computable general equilibrium models is mainly fiscal policy in a static, closed national
economy. Within the first group of models, estimates are constructed for an open economy
from the point of view of finding the optimum between the level of customs duties and
budget expenditures.

The second group of computable general equilibrium models is based on L. Johansen’s
algorithm [10] using V. Leontiev’s input-output tables, as well as social accounting matrices.
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L. Johansen's model, including R. Solow's production functions and R. Frisch's consumer
demand functions, was built for the Norwegian economy and was called the Multi-Sectoral
Growth Model. In this model, the production of each sector is represented as a Cobb—
Douglas function for capital and labor with neutral technical progress, and consumption
includes a full set of expenses as direct and cross price elasticities, according to the Frisch
methodology. [11-12]. The model includes a lot of endogenous and exogenous variables
and is considered the first Computable General Equilibrium Model, based on a system of
reduced equilibrium balances of factors, goods, budget equations and price equations.

L. Johansen's computable general equilibrium models, in addition to Cobb—Douglas
functions, can include functions with constant elasticity of substitution. They assume that,
first, the elasticities of substitution in each market are constant. Second, the elasticity of
substitution between any two competing products in a market is the same as between any
other pair of competing products in the same market. Also, functions of constant elasticity
of transformation are used, which are a consequence of a function with constant elasticity
of substitution. Where the production capabilities of a firm (industry) depend on various
combinations of production activities. General economic equilibrium is calculated using
specialized application packages.

Empirical models of the second group, compared to the models of the first group, are
the most numerous and are used to assess the behavior of an open economy at the global,
subglobal and national levels. Endowing computable general equilibrium models with
dynamic properties becomes possible by including intertemporal optimization processes
in the models. The results of solving these models are equilibrium trajectories or periods,
which are an iteration step, as in a static computable general equilibrium model.

Projections of the global and sub-global economies are made using both GTAP statistics
and data from other sources. A long-term model of global economic development was
developed at the French Center for the Study of International Economics. The model describes
the development of 128 world economies until 2050 according to two key parameters —
energy efficiency (described by the constant elasticity of substitution function) and total
factor productivity (Cobb-Douglas function for labor and capital). The model specifies the
behavior of the real exchange rate, which determines the growth of factor productivity of
national economies. This study can be considered as an example of assessing the impact
of technological development on a national or global economy. In terms of the breadth of
coverage of the study of socio-economic phenomena or processes, the empirical models
of computable general equilibrium of the second group significantly exceed the models
belonging to the first group. The bulk of empirical models of the second group are aimed at
assessing the effects of foreign economic liberalization.

Empirical models of dynamic stochastic general equilibrium. The need to create a
separate type of general economic equilibrium models was determined by the need to carry
out forecast estimates. This type of models began to be designated as dynamic stochastic
general equilibrium models (Dynamic Stochastic General Equilibrium) [13]. To estimate
dynamic stochastic general equilibrium models, classical econometric approaches are used
(generalized method of moments, least squares method, maximum likelihood method, etc.),
vector autoregression models and the Bayesian approach, which involves the use of tools
from probability theory. The use of the Bayesian approach makes it possible to: apply rigor
in some areas with flexibility in others; use information from different sources and generate
missing information, use autoregression to make prospective estimates [14]. The utility
maximization conditions for all agents and the equilibrium conditions for all markets impose
restrictions on possible interactions between variables and establish functional dependencies
between coefficients [7].

Models of dynamic stochastic general equilibrium can be divided into two groups: the
first group is based on models of the real business cycle (the approach of F. Kydland and
E. Prescott), the second is based on models of variable behavior of a firm in conditions of
monopolistic competition (approach J. Rotemberg and M. Woodford).
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The first group of dynamic stochastic general equilibrium models is based on the theory
of the real business cycle within the framework of the approach of F. Kydland and E. Prescott
[15]. Researchers (for the US economy) took into account the lag of some indicators from
others, as well as the dependence of indicators on their past values.

Empirical models of the first group are used to obtain comprehensive assessments
of the impact of external and internal factors on the national economy. One of the most
complex models, including more than a thousand variables, is the BEQM (Bank of England
Quarterly Model), based on the results of which short-term macroeconomic estimates of the
UK are published annually. The model is based on national accounts data from the second
quarter of 1992 and describes the behavior of agents in the domestic private sector, the state
and abroad, as well as their interactions in the capital, goods, labor and financial markets.
The model assumes the state of the condition for all expenses in the long term and assumes the
behavior of agents in the market under conditions of long-term expectations. Currently, the
Bank of Great Britain uses a model whose core is a dynamic stochastic general equilibrium
model based on the Bayesian approach to obtain prospective estimates of the development of
the national economy. The model contains algorithmic constraints and internally consistent
predictions. Prices and wages are not free, and monetary policy determines production and
employment in the short to medium term. Empirical models of the first group are used to
assess inflation trends.

The second group of dynamic stochastic general equilibrium models is based on a model
of different behavior of firms in conditions of monopolistic competition (the approach of
J. Rotemberg and M. Woodford) [16]. This approach involves determining current and
short-term estimates. Empirical models used to generate current estimates tend to be quite
simplistic.

Short-term estimates are constructed mainly by leading international organizations,
central banks and specialized institutions. For example, short-term assessments of the
development of the global economy are carried out by the IMF within the framework of
the Global Integrated Monetary and Fiscal Model. This model was developed to assess the
consequences for the world economy from the implementation of stimulating effects by the
leading countries of the world in the context of the global crisis of 2008. The model is based
on modeling the behavior of entrepreneurs and the banking sector in conditions of external
demand shock and changes in monetary policy. The model separately generated a block
that simulates the behavior of prices in the commodity sector with low values of elasticity
of substitution, the main parameter of which is oil prices. The behavior of the consumer,
investment sectors, as well as the wage fund is also modeled. Elasticities of substitution
and coefficients of utility functions in the model are given exogenously from other IMF
studies. Households are characterized by forward-looking expectations, i.e., they are guided
by the government's budget constraint when making consumption decisions. This results in
patterned government spending not influencing agents' consumption decisions, and thus not
changing aggregate demand. This hypothesis is used as an argument against tax cuts aimed
at increasing aggregate demand.

The European Central Bank model is used to obtain a short-term assessment of an open
sub-global economy — for a grouping of countries that have adopted a single currency —
the euro. This model estimates 18 macroeconomic variables, including: GDP, private
consumption, investment, public sector consumption, exports and imports, various deflators,
employment and wages, interest rate, effective exchange rate, foreign demand for the euro,
oil prices. The statistical series in the model has been formed since 1985 and consists of
quarterly data. The same model is given as an example for assessing inflation trends.

The second group of empirical models makes a short-term assessment of an open national
economy. The model contains a separate block showing the functioning of the external
market. Pricing in the model is carried out under conditions of monopolistic competition.
There are models that estimate the short-term consequences of domestic macroeconomic
policy shocks.
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The US Federal Reserve Administration uses the Estimated Dynamic Optimization-
based Model for a comprehensive assessment of external and internal factors on the
country's economy. It is based on the probabilistic approach of Markov chains and the Monte
Carlo method and includes more than two hundred statistical indicators for quarters since
1984. It models the development of the American economy according to the following main
indicators: GDP growth, consumer spending on services and on non-durable and durable
goods, investment in manufacturing and housing construction, consumer price index for
various goods, inflation in the manufacturing sector, labor costs, growth wages, federal
funds interest rate.

Conclusions. General equilibrium models have become widespread in applied economic
research, largely due to the fact that they make it possible to quantify the relationships
between various parameters of the economic system, as well as the impact of various factors.
When using general equilibrium models in applied research, it is necessary to take into
account that, despite numerous attempts, it was not possible to find any general and natural
conditions that ensure the uniqueness and stability of equilibrium. It is still not possible to
find out their specificity, and without this, answers to many fundamental questions of the
theory cannot be obtained.
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