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Erné Zalai — Tamas Révész
THE ISSUE OF MACROECONOMIC CLOSURE REVISITED AND EXTENDED1

Abstract

Léon Walras (1874) already had realized that hisalassical general equilibrium model could not
accommodate autonomous investment. Sen analysasarte issue in a simple, one-sector macroeconomic
model of a closed economy. He showed that fixing#timent in the model, built strictly on neo-claasi
assumptions, would make the system overdetermthad, one should loosen some neo-classical condifio
competitive equilibrium. He analysed three not okssical “closure options”, which could make thedesl

well determined in the case of fixed investmenheds later extended his list and it showed thattbsure
dilemma arises in the more complex computable ggeeguilibrium (CGE) models as well, as does thaiagh
of adjustment mechanism assumed to bring aboulileguim at the macro level. By means of numericald®ls,
it was also illustrated that the adopted closule can significantly affect the results of polidggnsilations based
on a CGE model.

Despite these warnings, the issue of macro cldaswéen neglected in policy simulations. It isetéfore, worth
revisiting the issue and demonstrating by furthe@meples its importance, as well as pointing out tha closure
problem in the CGE models extends well beyond télpm of how to incorporate autonomous investnirgnt
a CGE model. Several closure rules are discusstsipaper and their diverse outcomes are illtetiray
numerical models calibrated on statistical datestFihe analyses is done in a one-sector moawilasito Sen’s,
but extended into a model of an open economy. Nlegtsame analyses are repeated using a fullydteduulti-
sectoral CGE model, calibrated on the same stalsliata. Comparing the results obtained by thenwdels it
is shown that although, using the same closur@opthey generate quite similar results in termthefdirection
and — to a somewhat lesser extent — of the magnitéidhange in the main macro variables, the ptiedis of
the multi-sectoral CGE model are clearly more stialiand balanced.

1. Introduction

Beginning from the 1980s a large number of comgatgkneral equilibrium (CGE) models
have been developed all over the world to studyide wange of economic policy areas and
issues in which simpler, partial equilibrium or aggpte macro models would be
unsatisfactory. CGE models have become standaid to studying a variety of policy
issues, including tax policies, energy and envirental policies, to evaluate the impact of EU
cohesion policy and so @n

It had been realized already by Walras (1834-194®, father of neoclassical general
equilibrium models, that in his multi-sector modaljlt strictly on neo-classical assumptions,
there was no room for autonomous investment. Despis early appearance of the problem,
the discussion of the issue is usually traced bady to Sen (1963), who analysed this
problem in a simple one-sector model, in which hewsed that in the neoclassical realm
investment has to be a variable, adjusting freldly.then presented three not neo-classical
adjustment mechanisms, to illustrate how one cduldnvestment in an otherwise neo-
classical model.

Sen’s analysis was later extended by Taylor and/ I($979) in the framework of CGE
models, discussing a wider range of closure altetesm Dewatripont and Michel (1987)

! The research underlying this paper is made p@ssilbbugh the support from the European Commission
(projects AROP 1.1.10-2011-2011-0001 and 15162®2808) and personally from Juan Carlos Ciscar (EC's
JRC-IPTS) as well as from the Centre for Publicafff Studies at Corvinus University of Budapest,viich
we express our gratitude.

2 From the vast literature on CGE models we refeh&obooks of Dervis, De Melo and Robinson (1982),
Shoven and Whalley (1992), Bergman, Jorgenson atad Z990), Hertel (1997).
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analysed the microeconomic basis of the closuréleno in the context of temporary
competitive equilibrium. Some numerical investigag made clear that the choice of macro
closure can significantly affect the policy simidatresults obtained from a CGE model.

Despite these early warnings, the issue of maavsuck is mostly neglected in policy
simulations. It is seldom analysed how sensitie@GE simulation results are depending on
what closure option is chosen. It is, thereforettivoevisiting the issue and demonstrating its
importance by further theoretical and numericalnegies. It is also important to point out that
the closure problem extends beyond the treatmeatitmihomous investment. The problem of
how to close a CGE model arises in other areasedls because, as a rule, the number of
potential variables exceeds the number of equatidnish can be formulated on the basis of
trustworthy and operational theories.

Monetary and financial forces can be treated attrmosnad hocfashion in the CGE
models, real dynamic considerations are seldonudieel into them either. Attempts to extend
the models in these directions make them lessatbéetand less reliable. It can be safer to set
the expected magnitude of certain economic vars&ablogenously rather than determining
them endogenously by using formulas questionableomceptual or empirical ground. Thus,
the model builder has to fix the value of some p& macroeconomic variables, i.e., has to
choose which variables will be endogenous and waxdgenous (fixed) in his model.

In our paper we generalize first Sen’s model tme-sector model of an open (rather than
closed) economy, in which the single product h#ferdintiated varieties, which are less than
perfect substitutes for each other. This bringsaie-sector model closer to the multisectoral
CGE models. Then, based on the related literatbea,s analysis is extended to different,
characteristic closure alternatives. The diversitputcomes yielded by different closures is
illustrated by numerical simulations based on a ehadlibrated using Hungarian statistical
data. In the second part of the paper the samgsasas extended to a fully-fledged CGE
model, including taxes/subsidies, elaborated incdmgibution scheme, distinguishing five
production sectors and three groups of househatdibrated on the same data set.
Comparing the results of similar simulation rungsdéd on the same closure option and
assuming the same shock, will highlight not onlg tualitative similarities but also the
significant quantitative differences between thesuls achieved by the aggregated
macroeconomic and the multisectoral CGE model.

2. Prelude: the closure problem as encountered by Walras

Walras analysed the conditions of general equilibriat different levels of abstraction in
various simple models of a closed econdhiyere we reconstruct his one-period, multi-
commodity model with investment and capital goadsyhich the problem of closure arose
for him. His model can be seen as the reduced &ranmore detailed and complex model of
general equilibrium, in the framework of which tbesure problem will be analysed later.
The survey of this simple and transparent moddl élp the reader understand better how

% See, for example, Rattsg (1982), Taylor (1990)caheve et al. (1988) and Robinson (1991, 2006),
Thissen (1998).
“ See Zalai (2004) for more details on Walras'’s nimde
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the closure problem arises and the structure ofrthiisectoral general equilibrium models
too.

For the sake of simplicity, Walras distinguisheseéhtypes of commodities in his model:
consumer goods, natural (e.g., labour) and proditasdrs of production (capital goods). He
left out of consideration intermediate demand foodpicts as well as final demand for
primary goods.The supply of natural factors of production and stoners’ demand for
products are represented by functions of pricem@fgeneous of degree zero), and fixed input
coefficients are used to determine demand forahtofs of production.

Unlike Walras, we do not split products into consurand capital goods. We assume simply
that any commodity could be consumed as well asraatated as a capital good, which can
be used only in the subsequent time periods, detargnthe capital stocks. The necessary
conditions of equilibrium can be formulated asduis.

Equilibrium on the markets of products and factafrproduction:

X =y (P, d, W) +y?, i=1,2,..n,  (W-1)

b1l + biol +...+ binX, = K, i=1,2,..n, (W-2)

Ok X1 + diolly +...+ din®n = Si(p, g, W), k=1,2,...s  (W-3)
Equilibrium pricing rules (price equals cost):

B = Wildy + wWoldy +...+ Welds + 0By + By +...+ gnDy;, 1=1,2,...n. (W-4)

G = (" + mp, i=1,2,..n  (W-5)
where

* X total (final) output of produat

*pi the price of produat(i = 1, 2,...,n),

* g the rental price of capital good

* Wi the price of primary factdt (k= 1, 2,...,9),

* y(p, g, w) consumer’s demand for productvherep = (p;), g = (@), W = (W),

«y° the amount of productnvested,

* b the input coefficients of capital goods (capitabdi used per unit of produgy,

* K; the supply of capital goadlaccumulated in the past),

* dy the input coefficients of primary factors of pration (primary factok used per unit
of productj),

* S(p, g, w) the supply of primary factors,

1% the rate of depreciation of capital gdod

* 771 the net rate of return on capital gaod

The unknowns in equations (W-1)(W-5) arex; yib, pi, Gi, 77T andw, their number is thus
5n + s. The number of the equations is however only{4), leavingn degrees of freedom

for the above system of equations. Neither thesrateeturn 7) nor the investment demand
(yib) is yet determined according the conditions ofgloun equilibrium in the above model.

The rates of return should be equalized, whereassiment should match the future demand
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for capital goods. Walras became aware of the tlaat he could only set one of these
conditions in order to close the model. He decittedrescribe the equality of the net rates of
return () by adding to equations (W-%)(W-5)

T=T1T i=1,2,..n, (W-6)
by which the number of the unknowng yib, pi, O, 7T, 7T Wy) became (B + s + 1), and the
number of the equations isn(5 s).

The same effect could be achieved by substituting
g = (*+ 1o, i=1,2,..n (W-5a)

for equations (W-5) and dropping the variabiedn either case the degree of freedom of the
resulting model will be one, which can be eliminblbg the choice of the numeraire.

Walras was aware of the fact that investment denf@edme residual by this choice and
therefore his model represents only part of theditmmms of a long-run equilibrium. He was
criticized later by Keynes for his choice, who wibuiave introduced investment demand
functions based on expectations instead. By daindiewever, he would have arrived at the
conditions of a temporary equilibrium rather thdratt of a long-run equilibrium, which
Walras tried to define, but could not do it in asistent way.

Referring to the CGE models it is interesting tdentat the definition of the rental price
of capital (equation W-5) introduced by Walrasysed in the applied GE models as well. It is
also worth of noting, that capital goods in Walrasbodel take the form of homogenous
sectoral products, as in Leontief’s theoreticalitnputput models. In the applied multisectoral
models, including the CGE models, sectoral capdabds are as a rule composite
commodities, put together from homogenous sectoratiucts without using directly any
factor of production.

3. Analysis of the closureissuein the framework of a one-sector macroeconomic gener al
equilibrium model

Sen (1963), as mentioned, analysed the closurdgmnain a simple one-sector model of a
likewise closed economy. We extend, first of abnS analysis to an open economy, which
brings it closer to the CGE modélaVe extend Sen’s analysis also by adding to ithent
closure possibilities from the related literatuie.addition, the results will be numerically
illustrated by means of a computable model, basestatistical data.

Three basic and two composite commodity varietiegshe same single product are
differentiated in our model: commodity produced aadd at home, exported and imported,
its composite domestic output and its compositelupn domestic market. The volume (use
value) of the composites of differentiated basmdpicts is measured by monotone increasing,
linear homogenous (aggregation) functions. Unlike,Sve take into account its intermediate
use in production too.

Output capacity is defined by a nested productiorction of Johansen type, as common
in CGE models. Labour] and capital K) are assumed to be imperfect substitutes, jointly

® Using one-sector models for didactic purposesuigeqcommon and useful practice in the CGE litawtu
too. See, for example, Devarajan et al. (1994)Rwitinson (2006).
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determining the output capacity by a linear homegers production functior(L, K). In our
numerical model it will be represented by a consédasticity of substitution (CES) function.
The composite outpuk{ is divided between domestix"j and exportZ) supply by means of
a constant elasticity of transformation (CET) fimet X = X(X", Z). Reexport, as usual, is left
out of consideration as usual. The composite hampelg (X"™) of the commodity produced
at home X") and importedN1) is defined by a CES aggregation functigi! = X"™(X", M).

This means that five commodity prices have to beottuced: the user’s price on the
domestic ") and the world markep!"), the world market price of the imported go@i™),
the producer’s price of the composite outppf),(and the users’ price of the composite
domestic supplyd‘"‘). For the sake of simplicitjaxes/subsidiesnodifying potentially the
prices,are disregardedTherefore, the domestic equivalents of the workltkat export and
import price are simplyp"® andvip"™, wherev is the exchange rate.

In the case of import price we adopt the small opssnomy assumptiop,™ will be thus
an exogenous variable. In the case of export, heweas often assumed in CGE models, its
world market price depends on its volumpé&; = p"“%(2). According to neo-classical theory
this would mean that exports are differentiatedr@nworld market by the area of their origin.
Each country faces thus a less than perfectlyielasport demand function, api®(2) is the
inverse of that demand function.

Neo-classical theory assumes that the wage vgtar(d the rental price of capital)(has
to be equal thus to the marginal revenue of lalamgr capital. The revenue is measured here
by the value addeg? — p"™A, whereA is the constant material input coefficient. In soaf
the discussed closure rules, however, factor pmakse allowed to adjust freely and depart
from their marginal products, while the nonprofricing rule will be maintained. Therefore,
the equilibrium conditions of production will berfoulated in the following way:

X=F(L,K) (1), Wayw={*- p“mm)a"F(aLiL’K) (2), PX=p"AX +wl +qK. (3)

The new variableg, in equation (2) plays the role of a switch var@alf a, is fixed at
value 1, then the wage rate will be equal to thegmal revenue of labour, and by virtue of
Euler's theorem and the assumed linear homogerditghe production function from
equations (1) — (3) follows that the rental pricedt) of capital (q) is equal to its marginal

revenue:
g= - p ), (32)

In this case, equation (3) can be viewed as thategquwhich indirectly determines the
equilibrium rental price of the capital.

If the factor prices are allowed to depart from ttespective marginal productsy,
measures simply the ratio of the wage rate to taggmal revenue of labour.

For later reference it is also worth mentioning thi@e could also use
L =I(w/aw, )X an, K =kW aw, q)IX (2)

conditions instead of (1) and (2), whd@/a,, Q) andk(w/ay, Q) are the factor demand
functions in the case of unit output, derived frima above conditions. In the CGE models it
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is common and useful to use such dual forms. Wkalgb use them in the specification of
our CGE model.

Following Walras’s definition, the relation betwette cost of capitalg) and the net rate
of return on capital#) is q = (r* + 7P™™. For conveniencegmortization is disregarde@? =
0), thus, this relationship reducesqte 72p™™.

The prices of the composite commodities are detethibased on the assumption that
their composition is always optimal. In the casethdf domestic/export composite the total
sales revenug{X" + vip"Z) is maximized gssuming price taker individual exportgrén
the case of the domestic/import composite, totatc@"X" + vip""M) is minimized. These
assumed optimizations can be represented by tlosvial first order necessary conditions:

x=x0¢2) @ p=pEd ), wpeepXUE ),

X=X, M) (7),  p" =p“”‘Ga—th(§;<: M @), vpm= p“mDa—thg;;h’ M) (@),

where the composite priceg®(@ndp™) are, as a matter of fact, the Lagrangian muétipli
corresponding to the respective optimization pnoisle

Condition (6), however, has to be modified, becauws@assume that export demand is less
than perfectly elastigp™® defined byp"“(Z), the inverse demand function, will thus appear
instead ofp"®. The assumption would imply potential monopoligiasition for the exporters,
which could be exploited by means of so-called rogtitariffs (see, for example, Liméo,
2008). In CGE models, designed for practical ugegjould not be realistic to take this
theoretical possibility into consideration and priaker agents are assumed. The introduction
of less than perfectly elastic export demand fum&iserve only the purpose to restrain price
induced changes in the volume of export aioe versa

Observe that — since the aggregation functionsbgrassumption linearly homogenous
and by virtue of Euler’'s theorem — from equatiobs(6) and (8)-(9) one can derive:

p"X = p"X" + vip"iZ (6a), P = p" X" + VP, (9a)

These indicate first, that the prices of the contpogoods are the weighted averages of
the prices of their components. Second, these etfiorms could also be used as conditions
of optimality, for example, instead of (6) and (8spectively. Third, one can also derive the
following conditional export supply and import demdafunctions from (5)-(6) and (8)-(9),
respectively:

Z=r"\(p", vip" X" (52), M= Ve (8a),
wherer® andr™ are the optimal share coefficients, defined astfons of relative prices.

One could thus use these latter forms instead )odrfd (8). We will use such derived (dual)
forms later in presenting the equations of the ragttoral CGE model.

Equations (1) - (9) define the equilibrium condiofor the supply of commodities for
export and domestic use, the demand for importsedlsas the market clearing commodity
prices. They have to be completed yet with equatdescribing the income (re)distribution
and final demand side of the model.
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We will make use of many simplifying assumptiongarmulating the various budget and
behavioural constraints.

p""-M - p*%(2)-Z = De (10)
PG + S = (WL + qK) (11)
p""C + S = (1 — )WL + gK) (12)
S = (1 -n{o,WL + oK) (13)

Equation (10) defines the trade balance defl2g,(in fact, the net savings of foreigners,
since non-trade related transfers are neglectedurnmodel. Equation (11) is the budget
balance of the public household (government), wi@menotes public consumption ag
net public saving. In this model, for the sake ioiicity, government is assumed to collect
revenue only from income t§xby means of a uniform tax rat® @pplied to both labour and
capital income. Equation (12) represents the budigéance of the households, whete
denotes private consumption. On the left hand sidecan see the sum of the value of private
consumption pﬁhm[@) and net private saving§’, on the right one the formation of disposable
(net) income S is determined by equation (13), assuming diffesavings ratiosdy, ) in
the case of labour and capital income.

The commodity balance on the home market takeotlosving form:

X"M=AX +C+G+1. (14)
wherel denotes investment.

By routine transformations it can be shown thatagigas (1)-(12) and (14) imply

p"™{C + G +1) =will + qK + v-De.

This means that final expenditure will be alwaysiadgo total income (Walras law) and
investment to savings. Therefore, in most relatgaeps, includindgsen’sseminal paper itself,
the reader finds equatigi™@= S + S + v-De instead of (14).

The real rate of exchange is defined as the rdtibeoforeign to the domestic value of the
produced commodity, i.e., as the domestic costaafirg one unit of foreign exchange:

Ve = v-p"(2)/p". (15)

The above 15 equations define the skeleton of émemal equilibrium model that will be
used later and we will refer to it as thasic modelThe model will be well-determined if the
number of variables and equations are equal. Tkenpal (endogenous) variables exceed the
number of equations, since at least the followibgc@uld be chosen as variable, depending
on our assumptions; L, K, X, X", X™ z, M, C, G, p* p", p™, p"™, w, w =w/p"™, ay, g, V, Vi,

L, S, g d 1. We will therefore refer to them as variablesdistinguish them from the

parameters, which will be always constant. The acthoice of model specification will
decide which of them will bendogenousnd/orexogenousariable

® Distinguishing consumer’s price from general us@rice, income tax could be replaced by consumptio
tax.
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4. Macro closureoptionsin the one-sector general equilibrium model

The actual choice of model specification, i.e., thesure rule decides which critical
macro variables will remain endogenous and whiatob® exogenous in a given mods).
X", X"™ 7, M, C, p%, ph, q, v, ¥ andS’ (12 altogether) will be, as usual, endogenousaithe
closure to be discussed below. At the same timailadle capital K), public consumption
(G), world market import pricep{'"™) and the savings ratesx( o) will be fixed in all
versions, although they could be endogenous vasabl certain models. Either foreign
saving De) or the real rate of exchange)(will be fixed in each closure version too. Thestfi
case is perhaps closer to a neo-classical setagiirtg foreign exchange as a scarce resource,
similarly to labour and capital. As will be seehgttwo cases can lead to considerably
different results.

The general price level has to be set exogenowlyitywill be fixed byp™ = 1, in which
casew will be the nominal as well as theal wage ratew;, = w/ip™™), whereas, since? = 0,
the cost of capitalg) will represent at the same time the rate of ret@, because = 77p™"
= 77 (their dimensions remain though different,refers to the valueq to the volume of
capital).

Table 1: Summary of various closure rules in the-sector model

l. neo- 1. Il. IV. neo- V. neo- VI. struc- | VII. struc- | VIII. loan-
classical| Keynesian| Johansen| Keynesian |.| Keynesian Il.| turalistl. | turalistIl. | able funds
I endog. exog. exog. exog. exog. endog. endog. endog.
L exog. endog. exog. exog. endog. endog. endog. exog.
w endog. endog. endog. endog. exog. exog. endog. endog.
Qy 1 1 1 endog. endog. endog. endog. 1
Vr exog./ exog./ exog./ exog./ exog./ exog./ exog./ exog./
endog. endog. endog. endog. endog. endog. endog. endog.
De | endog/ endog./ endog./ endog./ endog./ endog./ endog./ endog./
exog. exog. exog. exog. exog. exog. exog. exog.
T exog. exog. endog. exog. exog. exog. exog. exog.
c" na na na na na endog. exog. na
[ na na na na na na na endog.

Notes: endog. = endogenous, exog. = exogenousnoaapplicable.

The basic model, discussed so far, contains 15tieqsaand only 12 variables have been
chosen as endogenous ones so far. Three addigdodabenous variables should be thus still
chosen from among the remaining potential endogernauables|( L, w, ay, V; or De, 7) to
close the model. We start the discussion of passildsure rules with the four alternatives
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analysed by Sen in his simpler model of a closesheay. Table 1 provides a useful
summary of various closure rules to be discussed.

L. The neo-classical (Walrasian) closure

In a neo-classical closure would be the fixed, and the factors of productjesid
according to their marginal revenleThus, w is endogenous variable ar@, = 1. As
mentioned above, either or D will be also endogenous variable, whergas a given
parameter, influencing the disposable income otiheseholds. Only investmen) (emains
thus to be the still missing, 15th endogenous bégia

Observe that, if eithdDe or v is exogenous variable, as assumed, as lohgsfixed and
the factor prices equal their marginal revenugs £ 1), equations (1)-(10) can be solved
independently from the rest of model equationsvéotablesX, X1 XM Z M, w, (o} ph, p? and
phm (or v), which appear in them, by setting the price leagl = 1 (or phm =1). In such a
case, thus, the total supply of goods for final issdetermined by the production and trade
possibilities alone. The rest of the model deteawionly its distribution. The supply and
demand side of the model depend on each otheratfiysf L is free to adjust and/or factor
prices can depart from their marginal revenues.

The neo-classical closure rests thus on the assumtitat whatever is saved will be
invested, independently of the expected future dehfar capital. By the same token, the
capital inherited from the pasK), was formed with no concern for its present neddhss
reveals clearly the roots of the closure problem.

Note also that it is not specified in this modehatvsort of mechanism could make the
investment adjust to savings. The interest ratefiesn assumed implicitly to equilibrate
savings and investments, which option will appaserlin thdoanable fundslosure.

II. Keynesian (General Theory) closure

As indicated earlier, if one wants to introduceomaimous investment into the model, he
or she must relax the strict neo-classical conaitidBorrowing from Keynesian theory, Sen
relaxed first the assumption of fixed labour caastr (full employment) by reinterpreting
as the variable level of employment and could tipughe level of investment instead. Since
the wage rate remains determined by the marginahiee of labour, any increase in the level
of employment will go hand in hand with its deceeasd the increase of the rate of return on
capital, andvice versa establishing thus the equality between investnagigt savings. Any
exogenous increase in investment (or governmenérekfure) would generatéeynesian
multiplier effect in such a model.

I1I. Johansen closure

The third closure option discussed by Sen was ieddyy Johansen’s (1960) pioneering
CGE model, in which it was assumed that the goventroould intervene by appropriate tax
policy to secure full employment even in the cakexmgenously fixed investment level. In
Johansen’s model, the supply of both labour andalapas fixed, and marginal pricing rule

"It can be shown that as long lass fixed equations (1) - (10), i.e., the produstiand trade possibilities
determine alone the total supply of goods for firsé and the rest of the model determines onbjistsibution.
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prevailed. If one adopts these assumptions, owgdlibe determined in the same way as in
the case of the neo-classical closure. If publiesconption G) and investment is also fixed,
only the level of consumption can adjust to reaghilérium. In this closure the changing
level of tax rate f) is assumed to bring about equilibrium. Johanssuraed that by setting
tax level appropriately the government could achisuch level and generate the saving
which matches the fixed investment demand. In¢lusure thus the tax rate) (pecomes the
adjusting variable instead of investment. Anothesgibility for the government to balance
demand and supply would be to regulate its owndipgnG) instead of the tax rate.

IV. Neo-Keynesian closures I. (forced savings)

The fourth and last option discussed by Sen wasdbas the “forced savings” models of
Kaldor (1956) and Pasinetti (1962), which he ternasda neo-Keynesian closure. Forced
savings is a macro closure scenario, in whaghbecomes endogenous variable instead of the
investment level. It is thus assumed that changiad) wage could make savings adjust to a
fixed level of investment even in the case of &miployment.

Forced savings is thus a macro closure scenariwhich investment becomes exogenous
variable anda,, will be endogenous variable instead, but the wage is not equal to the
marginal revenue of labour, measuring the ratithefwage rate to the marginal revenue of
labour. Compared to the Johansen closageand notr will be the new endogenous variable
compensating for fixing the investment level irsthase.

If the general price level is set by = 1, instead 0p™™ = 1, as common in Keynesian
models, the output price will be the equilibratwvariable, which will set the real wage and
through that consumer demand to such a level thiag$ about equilibrium between saving
and fixed investment demand. Increasing investmientexample, would drive real wage
down, as in the case in the Keynesian closure ket the latter, however, the level of both
employment and output remains unchanged, and isiagainvestment crowds out
consumption.

V. Neo-Keynesian closure Il. (fixed real wage)

An alternative closure also with Keynesian flaveauld be one, in which real wage rate
is fixed and the employment level is the equilibrgtvariable, as in the so-called Keynesian
closure. This would combine thus two Keynesian reggions, the refusal of the neo-classical
idea of full employment as well as the marginaleraye productivity theory of wages.

VI-VII. Structuralist closures

Structuralist CGE models, designed and used médimlyanalysing economic policy
options in developing economfesbring in institutional considerations in desanifpi the
behaviour of certain macroeconomic variables. Malg Keynes and classical economists,
they usually allow for fixed nominal or real wagde, for unemployment (i.e., variable level
of employment) and may depart in other aspectsfatsn the neo-classical assumptions. For
example, investment can depend on expected futduens, the level of capacity utilization

8 For a detailed discussion of the structuralist et®dee, first of all, Taylor (1990).
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may vary, various market imperfections are taketo iaccount, cost-plus-markup price
formation is assumed.

We will analyse here a model, in which cost-pluskup pricing rule is assumed and
investment is a function of the net rate of retomncapital ¢J:

| =1(79, (16)
wherercan be interpreted as an index of expected fugitgns.

Cost-plus-markup pricing means that equation (8¢péaced by the following one:

PPIX = (1 + 7)) [(p"™AX + will), (3b)
whererg, is the profit markup, which replaces the ratestfim on capital.

Alternatively, one can simply introduce profit magkas a new variable, together with an
additional equation that establishes the relatignbbtween the rate of return on capital and
the profit markup. Choosing this option, the follag/form will be used:

7P K = pa"X, (17)
wherec™ = 77/(1 + 7)), is the ratio of profit in total revenue, replagirs,.

It is worth observing that equation (17) can berie®n as

"MK = 72 [(p AKX + will) = ™ pX (17a)
1+,

These forms provide an interesting insight into tiedel. If profit markup £x) is fixed,
the rate of return on capital moves practicallproportion toX, which in turn changes only,
if L changes into the same direction too. Thus, fomgte, an increase in investment will
lead to an increase in the rate of return on claprtggering anaccelerator effegtin addition

to the multiplier effectcaused by variable employment level, althoughpiadit markup is
fixed.

After suitable rearrangement, from (17a) we get

e X_ 1l+m p™
K m p
wherex = X/K can be interpreted as a measure capacity utdizatit least as long as the level
of output is less than achievable in case of fployment (at the fixed supply of capital).

From the above equation one can see that the meastfunction (16) is similar to, in
fact, if p"™ = p? (e.g., in a closed economy) it is equal to
I =1(«, 7F),
which is an investment demand function commonlyduiseeconometric modelsc is here
interpreted as an accelerator term, apdas an index of expected future returns. As will be

seen later, the investment function will indeedhgriorth upwards or downwar@gcelerator
effectin the model, in addition to thraultiplier effectcaused by variable employment level.

In the model extended by equations (16) and (1vg further endogenous variables
remain to be chosen and their potential list i=eded by variable™ One cannot, of course,
fix both 7randc™ at the same time. In the case of the two strulisticlosures introducet] L
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and a,, are endogenous variable, antemains exogenous. One has thus to choose two more
from amongw, 77 andv; or D.. We choose either, or De, as before, thus the remaining
choice is either the (real) wage rate or the profrkup. InStructuralist closure Ithe wage
rate, inStructuralist closure Ilthe profit markup will be fixed.

VIII. The loanable funds closure

Based on the classical idea that savings can beedias the supply of loanable funds and
investment the demand for them, one could introdaoteethe model the real rate of interest
(i) as an additional variable, and assume that thegaates,o, (i) and ok(i) are increasing,
whereas investmenif(i) a decreasing function of it. In such a modelrtéte of interest would
be the equilibrating variable that makes investnard savings match one another. In that
model the private saving identity and the investhfienction have to be modified as follows:

9 = (1 -)liow(i) WL + (i) GEK]. (12a)
I =1(i). (16a)

As explained by Taylor (1990), such a closure Igext to at least two serious objections
(both emphasized by Keynes already). First, therést rate, i.e., the rate of return to assets, is
in principle determined by stock markets and noséying and investment flows. Second, the
influence of the interest rate on aggregate investmdemand is limited by various
institutional factors. It could affect only certgpart of gross capital formation and purchases
of durable goods. This mechanism is thus seldord is€CE models, but Bourguignon et al.

(1991) attempted to handle this problem by incaapog cumulative flows of funds into the
model.

IX. The real balances (Pigovian) closure

Continuing the above comments, the loanable fupgsoach can be extended into a real
balances closure by taking into account wealthcegfen the form of the Pigo{1943)effect
or, based on the portfolio model developed by Tqh®71), introducing interest payments
and interest clearing financial asset markets. A&&sg exogenously given nominal wage and
introducing money supplyM) one could define the real balances of the wehtilders
(M/p™™). If the saving rate depends on the real balatheereal balance effect could work in
the same way as the rate of interest in the loanfaiolds closure.

5. A numerical example and simulation results

We selected six characteristic closure rules (I Ill., V., VI. and VII.) to demonstrate
the adjustment mechanisms assumed to work in themdans of a numerical model. We
used Hungarian statistical data for 2010 to caiéthe model (Hungarian Central Statistical
Office 2012, 2013). The data base used for caldmwas arranged in Table 2, which can be
regarded as an Input-Output (I-O) table combineth \&i Social Accounting Matrix (SAM)
(integrating national accounts and household budgetey data). Making use of the simple
structure of our models, we managed to includeitisceme redistribution into the fourth
guadrant of the table.
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Table 2: The initial data arranged into a combik€@dand SAM table
(values in thousand billion HUF)

Expenditured Commodities
" Rest of the | Total
= | (composition Consumers Government Investorg .
. World receipts
Receiptsl of sources)
Commodities p"MAX = p"™C = p"MG = p"™ = vp"e.Z = 22,66
(deliveries) 31.69 10.85 6.17 4.58 20.37 '
Consumers Wi = (1-9iL-a)t 17.70
13.97 gK =3.73
Government Wil = 2.96 nqK = 2.01 4.97
Sy = au[(1-7)0] g
=0. =-1.20 ‘D= -1. )
Investors K = 9.46 Wil = 3.89 v:De =-1.83 10.32
wm —_
Rest of the vip""-M = 18.54
world 18.54
Total outlays 73.66 17.70 4.97 10.32 18.54

The base level of all price indecgd p", p™, p* p*™ and that of thexominal foreign
exchange ratg were set to 1 in the calibratiowhich with the observetl = 4 andK = 200
factor employments led to the initial values ofS4nd 0.047 fow andg. Calibrated values
of some parameters:

* T, =0.207 ; 7=0.212; gy = 0.353;0k = 0.5;

* the elasticity of substitution (set exogenouslydl @ime calibrated distribution parameters
(a.) in the CES-CET functions are as follows:
CESF(¢, a, ax, r., rq) = F(0.5, 0.596, 0.404, 0.0726, 3.628), whereandry are the
labour and capital coefficients in the base case,;
CET X(g, a4, a,) = X(-2, 6.330, 53.613);
CESX"(y, a, a,) = X"™(0.5, 0.425, 0.121).

« the price elasticityg in thep"®(Z) = aﬂ’”g export demand function, was set at -4, which
means that 1 per cent increase in export volunaslea0.25 per cent decrease in export
price. In most CGE models somewhat smaller valuesused, which yield larger price
effects’

As one can see, in the case of exports we assumeddamestic and export supply can be
transformed into each other with relative ease €hsticity of transformation is 2), whereas,
in the case of imports, we assumed that they ateraomplements than substitutes to
domestic products (the elasticity of substituti@t at 0.5), which means their supply will
move in the same direction.

In our simulation exercises we stick always tortiie that the external shock is created by
change only in one exogenous variable. In poliecyusations made with CGE models, one

° The simulation results are rather sensitive to dtze of the elasticity, especially in the casefiréd
balance of trade.
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designs normally a scenario, in which forecastexhghs in all important exogenous variables
are taken into account and harmonised with eaatr.oth

5.1. The effect of a 5% increase in the government expenditure under various closures

We have chosen six closure alternatives, neo-clasg@i), Johansen (lll.), Keynes (ll.),
neo-Keynesian Il. (V.), structuralist I. and I1.1V11.) for illustrative exercises. We have first
simulated the effect of an internal demand shoskuiing 5% increase in the government
expenditure. We have estimated the results bothdarcase of fixed real exchange rate and
fixed balance of trade. The results are shown il 3.

We will analyse in details only thease of fixed real exchange ratnce in the case of
fixed balance of trade the real effects will beywsimilar, although somewhat sharpened.
Savings will behave, of course, differently in thv cases. In all but the first two simulations
(closures) foreign savings decreases in the fissecand — only in domestic currency -
increases in the second. Private saving incredsesfaster (due to the larger increase of
employment) and government saving increases thersfower.

In theneo-classicabnd theJohansen closurttal output and net output for final use, the
wage and profit rate, all prices, foreign trade &mmign saving remain the same as in the
base. The increase in government expenditure affeetefore only the distribution of the net
output. In the case of theeo-classical closur¢he increase of the government expenditure
takes place at the cost of investment and goverhreawving. In theJohansen closure
government expenditure increases at the expensensumption, which is enforced by the
higher tax rate, which allows at the same timentvéase government saving, making up for
the decreasing private saving (which is assumeddéarease proportionately with
consumption).

In the Keynesian closurd. becomes variable instead bf available labour does not
constrain the expansion of production. The increagbe government expenditure creates a
multiplier effect: output grows by 2.6% and empl@mh by 4.5%. The marginal product of
labour, consequently the wage rate decreases bylddh in turn increases the rate of return
on capital by almost 5%. Despite the falling waage, total private income and consumption
increases (1.9%), multiplying the effect of thecanomous growth of final demand.

With increasing output comes increasing import¥&.,3which has to be compensated by
growing export (2.6%), reinforcing also the muligpl effect. Increasing export reduces
slightly the price level of export (by 0.7% leaditiga terms of trade loss equivalent to 2% of
total savings) and increases the nominal exchaaige(0.4%). As a result of the latter, the
domestic output price diminishes too (-0.2%). Simseestment is fixed, savings remain the
same, but its composition changes. Government'sngavecreases by about 17%,
compensated by 2.4% increase in private and 0.5%ase in foreign saving.
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Table 3: The effect of 5% increase in the goverriregpenditure (percentage changes, base valugBiomtHUF or ratios)

fixed real exchange rate

fixed trade balance

5% increase i Base
1-sector macro model values | ppegical Johansen Keynesy B0 et ralis I, | classical Johansen Keynesy BOC St ralist Il
L level of employmerjft 4.04 0 0 4.52 5.70 4.44 8.10 0 0 4.85 6.26 4.77 9.31
X output 55.12 0 2.64 3.32 2.60 4.68 0 0 2.84 3.64 2.79 5.35
X" output for domestic use| 34.75 0 0 2.64 3.32 2.60 4.68 0 0 2.82 3.62 2.77 5.32
Z export 20.37 0 0 2.64 3.32 2.60 4.68 0 0 2.86 3.67 2.81 5.40
M import 18.54 0 0 2.31 2.90 2.27 4.08 0 0 2.39 3.06 2.34 4.48
X" domestic supply 53.29 0 2.53 3.17 2.49 4.47 0 0 2.67 3.42 2.62 5.03
C private consumption 10.85 0 -2.84 1.85 3.05 2.38 3.65 0 -2.84 1.99 3.34 2.56 4.17
I investment 4.58 -6.74 0 0 0 -1.45 4.26 -6.74 0 0 0 -1.56 4.87
w real wage rafe 3.458 0 0 -4.06 0 0 -4.43 0 0 -4.36 0 0 -5.04
7z (q) rate of return on capital| 0.047 0 0 480 -190 -1.45 4.26 0 0 516 -2.10 -1.56 4.87
% nominal exchange rate 1.00 0 0 0.43 0.53 0.42 0.75 0 0 0.56 0.72 0.55 1.05
\ real exchange rate 1,00 0 0 0 0 0 0 0 0 0,15 0,19 0,15 0,29
v-p*¢ domestic export price 1.00 0 0 -0.23  -0.28 -0.22 -0.40 0 0 -0.15 -0.19  -0.15 -0.27
p" domestic output price 1.00 0 0 -0.23  -0.28 -0.22 -0.40 0 0 -0.30 -038 -0.29 -0.56
p° average price of output 1.00 0 -0.23  -0.28 -0.22 -0.40 0 0 -0.24  -031 -0.24 -0.45
S private saving 7.91 0 -2.84 2.44 2.06 1.62 3.77 0 -2.84 2.62 2.26 1.74 4.31
g government saving -1.20 25.71 -18.74 16.95 14.72 17.09 10.25 25.71 -18.74 16.26 13.61 16.43 7.96
v:D, foreign saving (in HUF)| -2.13 0 0 -0.50 -0.64 -0.49 -0.94 0 0 0.56 0.72 0.55 1.05
a, wage/marginal product 1.00 0 0 0 5.36 4.17 2.89 0 0 0 5.89 4.47 3.33
T tax rate 0.20 0 11.42 0 0 0 0 0 11.42 0 0 0 0
p"®  foreign export price 1.00 0 0 -0.65 -0.81 -0.64 -1.14 0 0 -0.70 -090 -0.69 -1.31
De foreign trade deficit -2.13 0 0 -0.92 -1.17 -0.91 -1.67 0 0 0.00 0.00 0.00 0.00
domestic savings 6.71 -4.60 0 -0.16  -0.20 -1.15 2.61 -4.60 0 0.18 0.23 -0.89 3.66
terms of trade loss/GDH 0 0 0 -0.57 -0.71 -0.56 -0.99 0 0 -0.59  -0.75 -0.58 -1.10

" million persons

“ million HUF/year/person
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In the neo-Keynesian closurehe wage rate is no longer determined by the malgi
product of labour ¢,, becomes endogenous instead))ofn its first version, discussed by Sen,
L remains fixed, as in the neoclassical closureh&second, it is let vary at the expense of
fixing the real wage rat¥.We present only the results of this secareh-Keynesian closure
I, in which all other aspects are the same as ilKéymesian closure. As a result of fixed real
wage rate, total wage fund grows at the same rat¢tha level of employment (5.7%),
exceeding the growth rate of the output and theevaldded [¢-X — p"™A-X), which grow
only by about 3%. As a result, the rate of retunrcapital decreases (by 2%). To make up for
the lost saving the level of employment and outyag to expand more than in the case of the
Keynesian closure. The rest of the changes ardasita those experienced in the case of
Keynesian closure.

The structuralist closuredepart more drastically from the Keynesian by gsimarkup
pricing and incorporating an accelerator effecaddition to the multiplier effect, because
investment depends on the rate of return on capMalused a simple investment function of

the following form:
o
| = |0(£j
ﬂo )

where we have choséfandz® to be equal to the base values of the investmmhtlze rate
of return on capital, and, the elasticity parameter 1. Sinkeis fixed, all these mean that
investment will change in proportion to capitalonee.

In structuralist closure Ithe (real) wage level is fixed, and the profit kugr is free to
adjust. The profit markup decreases by 4.5%, tteeafreturn on capital and investment both
by 1.5% @ = 1!). One can observe thus a reverse accelegffent in this case, which slows
down the growth, compared to the neo-Keynesiaruokos

In structuralist closure Ilthe rate of the profit markup is fixed insteadtloé real wage.
The real wage decreases by 4.4%, the rate of retucapital as well as the investment level
grows by 4.26%, adding an accelerator effect tarib#iplier effect. As a result, employment
increases by 8.1%, output 4.7% and consumption B 3indicating thus quite an economic
boom.

In Table 3 one can also see how the simulationltseate modified byixing thebalance
of tradeinstead of the real exchange rate. This makesgioreurrency scarcer, than in the
previous simulations, therefore, the domestic qwayedevaluates, increasing the domestic
value of the fixed foreign surplus, i.e., decregsiareign saving. In the case of theo-
classicalandJohansen closuren which foreign saving remains unchanged, tisellte do not
change either. In the case of tht@er closureghe decreasing government and foreign saving
can be made up only by growing domestic income réfbes, the economy must grow at
faster rate than in the case of fixed real exchaagge resulting in larger terms of trade losses
as well.

1 This scenario assumption is somewhat unrealistice real wage should decrease to some extent to
enable employment to increase. But we stick tatleto change only one assumption at one time.
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5.2. The effect of a 2% increase in world market import prices under various closures

In the second series of simulations we analysedikieéy effect of an external shock,
represented by 2% increase in the world market riqices. As can be seen in Table 4, the
differences between the results obtained in the oddixed real exchange ratand fixed
balance of traddoecome largerAt fixed real exchange ratbe trade balance deteriorates, by
about 9% in all closures, which must be compensated.34-1.48% devaluation, if the
balance of trade is fixed. This leads to largemges in relative prices and consequently in all
volume and income variables as well.

In the case ofixed real exchange ratthe increasing net foreign saving (resulting from
smaller trade deficit) makes up for a large parthef lost income available for domestic use,
therefore the changes in final demand are lesdicrdmn in the case of fixed balance of
trade. In the case of theo-classical and Johansefosures the GDP (effected by terms of
trade changes too) drops by about 1.6% and botlvélge rate and the rate of the return on
capital decreases, at roughly the same per cent.

In the Keynesianandneo-Keynesian closurdbe results of the neo-classical closure are
almost reproduced in the casefigkd real exchange rat&his is simply due to the fact that
the relative prices on the domestic and foreignketar and consequently, the domestic and
foreign supply/demand structures change only sligl8ince government expenditure and
investment are fixed, the level of consumption drap a consequence of diminishing GDP.
The case ofixed balance of trades quite different. The growing real exchange rateeases
the share of export and decreases that of impadtftze resulting increase of the net export in
final demand enhances the multiplier effect. Trghbr level of employment (3.3% and 4.7%)
and consumption strengthens further the multigdigect, especially in the case of the neo-
Keynesian closure. Increasing export volume is eamied by falling export price, which
increases the terms of trade loss in both Keynedasures.

In the case of thetructuralist closuresthe investment function brings in a negative
accelerator effect, when the rate of return ontedprops. This happens in all cases, except
for one, the case ditructuralist 1l., withfixed trade balanceThere the rate of return on
capital and investment increases by close to 2é&gticrg quite a boom.

5.3. The effect of the less than perfectly elastic export demand
The assumption of less than perfectly elastic exgdemand function, which is quite
common in CGE models, deserves a brief commeihieaénid. We used the following form:
we -l/e
p(Z)=alZ
where ¢ is the price elasticity of export demand, amda constant shift parameter, which
represents the export price level of the competmgtries.

The price elasticity of demand was set at a redderarge value of 4 (i.e. -4) in our
scenarios, which means that 1 per cent increasegart volume will be accompanied by 0.25
per cent decrease in export price. In most CGE magtemewhat smaller values are used,
which yield larger price effects. (Sometimes one eaen see elasticity smaller than 1, which
means that a reduction in export volume will inseaxport revenue!!)
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Table 4: The effect of 2% increase in world maik®tort prices (percentage changes, base valuediontHUF or ratios)

fixed real exchange rate

fixed trade balance

2% increase ip"™ Base
5-sector CGE model values | assica) Johansen Keynesy G0 LTl ralit I, | classical 0Mansen Keynes GO el ralist .
L level of employmerth 4.04 0 0 0.09 0.54  -2.19 -0.89 0 0 3.27 4.71 0.73 4.99
X output 55.12 0 0 0.05 0.32 -1.32 -0.53 0 0 1.92 2.76 0.43 2.92
X" output for domestic use| 34.75 0 0 0.05 0.32 -1.32 -0.53 0 0 1.79 2.62 0.31 2.78
Z export 20.37 0 0 0.05 0.32 -1.32 -0.53 0 0 2.15 2.99 0.64 3.16
M import 18.54 -0.99 -0.99 -0.94 -0.71 -2.13 -1.45 -1.79 -1.79 -0.19 0.49 -1.43 0.63
X" domestic supply 53.29 -0.34 -0.34 -0.30 -0.04 -1.60 -0.85 -0.71 -0.71 1.09 1.87 -0.31 2.02
C private consumption 10.85 -1.62 -1.68 -1.58  -1.11  -2.59 -2.11 -1.60 -3.49 -0.28 .11 -0.99 0.55
I investment 4.58 -0.13 0 0 0 -3.33 -1.17 -4.48 0 0 0 -4.20 1.96
w real wage rafe 3.458 -1.62 -1.62 -1.70 0 0 -1.75 -1.60 -1.60 -4.52 0 0 -4.96
7z (q) rate of return on capital| 0.047 -1.62 -1.62 -1.53 -4.19 -3.33 -1.17 -1.60 -1.60 1.81 -5.62 -4.20 1.96
% nominal exchange rate 1.00 -0.69 -0.69 -0.68 -0.64 -0.90 -0.77 0.21 0.21 0.58 0.74 0.29 0.77
Vi real exchange rate 1.00 0 0 0 0 0 0 1.34 1.34 1.43 1.47 1.36 1.48
v-p*¢ domestic export price 1.00 -0.69 -0.69 -0.69 -0.72 -0.57 -0.64 0.15 0.15 0.04 0.00 0.13 -0.01
ph domestic output price 1.00 -0.69 -0.69 -0.69 -0.72 -0.57 -0.64 -1.17 -1.17 -1.37 -1.45 -1.21 -1.47
p° average price of output 1.00 -0.69 -0.69 -0.69 -0.72 -0.57 -0.64 -0.68 -0.68 -0.85 -0.92 -0.72 -0.93
S private saving 7.91 -1.62 -1.68 -1.57 -1.72 -2.73 -1.93 -1.60 -3.49 0.14 -0.23 -1.63 0.83
g government saving -1.20 6.31 5.45 6.14 5.25 10.64 8.05 6.17 -23.36 -0.13 -2.85 4.75 -3.38
v:D, foreign saving (in HUF)| -2.13 -9.29 -9.29 -9.30 -9.36 -9.00 -9.17 0.21 0.21 0.58 0.74 0.29 0.77
a, wage/marginal product 1.00 0 0 0 2.2 -0.4 -1.0 0 0 0 6.1 23 1.1
T tax rate 0.20 0 0.22 0 0 0 0 0 7.71 0 0 0 0
p"®  foreign export price 1.00 0 0 -0.01  -0.08 0.33 0.13 0 0 053 -0.73 -0.16 -0.77
De foreign trade deficit -2.13 -8.66 -8.66 -8.68 -8.78 -8.17 -8.46 0.00 0.00 0.00 0.00 0.00 0.00
domestic savings 6.71 -3.04 -2.95 -295 -297  -5.13 -3.71 -2.99 0.07 0.18 023  -2.78 1.58
terms of trade loss/GDH 0 -1.58 -1.58 -1.59  -165 -1.29 -1.47 -1.62 -1.62 -203 -220 -1.71 -2.23

" million persons

% million HUF/year/person
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The simulation results are rather sensitive todize of the elasticity, especially in the
case of fixed balance of trade. For example, incee of the neo-Keynesian closure, if the
size of elasticity decreases, in absolute term figag 4 to 2, the nominal exchange rate will
increase by more than 3.5% (instead of 0.8%), ¢hmg of trade loss four times, export will
grow by 7.5% (instead of 3.9%) and its foreign @nall decrease by 3.5% (instead of 0.9%).

6. Macro closure optionsin multi-sectoral models

We turn now our attention to the issue of closarenulti-sectoral CGE models. We will
first review their typical variables and equatiarisa still stylised multi-sectoral CGE model.
Then we present a more sophisticated and moreigabhcbncrete version of this, developed
for the analysis of various policy issues in Huryg&inally, with this concrete fully-fledged
multi-sectoral CGE model we replicate the simulations made with the one-sector model.

6.1. The structure of a stylised multi-sectoral CGE model

The following brief overview of the main componerdt a stylized CGE model will
hopefully suffice for the reader, on the bases lo¢ tWalrasian and the aggregate
macroeconomic model presented above.

In the following brief overview of the model, fohd sake of simplicity, we will not
present the various derived demand or supply fanstin their concrete parametric form. On
the basis of the aggregate macroeconomic modeémiexs$ earlier the reader will be able to
reconstruct them.

As will be seen, the equations defining the equiim conditions of the supply and
pricing side of the model will be practically thanse as in the case of the one-sector model,
except that we will use their dual and mixed forras, described earlier, in defining the
necessary conditions of equilibrium.

With each equation a variable will be associatadhls way one can easily check if the
model is well defined or not, i.e., the number qiaions and variables are equal or not. In
most cases the variable associated with the equigtithe one standing on its left hand side.
Therefore, it will not be indicated explicitly. if is another variable, it will be attached to the
equation numbers appearing on their right hand sideexample, (S-0X) in the case of the
first equation.

It is obvious that in a multi-sectoral model ones @ distinguish between commodities
and prices according to their sectoral origin. Wil use i and/orj indexes for different

sectors, depending on whether we refer to sectamalmodity or activity, For exampls;,
x", z, " m, p™, p", p", p"® and so on. As can be seen, the equations defthiag

equilibrium conditions of the supply and pricinglesiof the model will be the same as in the
case of the one-sector model, except that we wél dual and mixed forms, as was indicated
earlier, in describing the necessary conditionsapfilibrium.

1="i(l;, k) sectoral production function (S-04)
li=1li(w/a, q) labour demand coefficient (S-02)
P’ =2 p""@; +will + gk + G price-cost identity (S-03)
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X = x,-(xjh, z) composition of the sectoral outputs (S-04)

z=r"(p", PR exports and supply on home markets  (S-05)

p* = p"1x) + pIlz/x) (average) producers’ prices (S-@5)

™™ = x""(x", m) composition of domestic supply (S-O?“)

m = rimh(pih, pim)&ih imports and supply on home markets  (S-08)

p™ = p "™ + p"Tmix™) (average) domestic users’ prices (S-09)
where:

li(wi/ aw, ), 1P, p°) andr™(p/", p™) are all dual forms,

derived from assumed optimizing behaviour (useddtermine labour demand, the ratios of
exports and imports to domestic supply). The aail(sectoral) cost and price variables are
as follows:

w; = (1+5")wid" cost of labour (S-10)

g = pjbmjd + 7d,") Walras’s cost of capital (S-11)
where

pjb =2 pihm[Di,- price index of the capital goods (S-12)
where they; parameters are the investment coefficients,

p¢ = 1+ consumers’ prices (S-13)

P’ = (1+5°) NP, () domestic price of exports (S-14)

p" = (1+5") P, "™ domestic price of imports (S-15)

As can be seen, we took into considerations varrimnsaxes/subsidieSjV(, rje, ", ad

valoremrates), as well as the observed differences itosdavage levels and rates of return
on capital ¢", d), as common in CGE models. Observe also thapjf‘rmroducers' prices
include also net direct taxepjaajt), which will be added to the operating surplusewhve

compare the simulation results of the simple ormesend complex five-sector model.

For the sake of simplicity we will assume that btsthour and capital are homogenous,
i.e., mobile across sectors as any other factpraduction. The aggregate demand is thus the
algebraic sum of the sectoral demands:

2 X =L total use of labour (S-16)
2k =K total capital demand (S-17

Capital supply will be assumed to be given exogshoin all closures, thus, (S-17) is the
condition of equilibrium on capital market. The saholds,mutatis mutandisin the case of
labour too, if its supply is fixed. If it can varhen (S-16) defines simply the labour demand.

As one can see, equations (S-01) - (S-10), suppiEdevith equations (S-11) - (S-17),
are simply the multisectoral equivalents of theagmuns (1)-(9) of the fully aggregated, one-
sector macroeconomic model analysed above. Wenaill define the equations equivalent to
(10)-(24) in the one-sector model.
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First, appropriate supplementary variables and teapg are introduced to define
consumption and investment, as parts of final dem#&s in most CGE models, consumer
demand is represented by a linear expenditure myg§i&S), introduced by Stone (1954),
which can be expressed as:

¢ =C +s™(p’, pys ... Py consumers’ demand (LES) (S-18)
where thes™ functions define the expenditure minimizing shavesommodities in variable
consumption, whose level @ andC’ is the ‘committed’ part of consumer demand.

In our static model in the non-structuralist cl@suthe sectoral investment levels are
determined by assuming fixed sectoral investmemtemga):

lj = qa[ﬂ sectoral investment levels, (S-19)

In the structuralist closures the sectoral investnfanctions (replacing S-19) will be
similar to those used in the one-sector model:

lj = 1i(qp) = |j0[{|qj/qjom("/k"0)}8j sectoral investment functions, (5-19)
Of course, in this case the total investment |éyadrops out of the model.

The equations representing income (re)distribugind the final demand side of the model
will be as follows:

xihm =3 &% + ¢ + 5°G + Z; by ] equilibrium on commodity markets (S-20)
The balance of trad®() is defined in the multisectoral model by the daling equation:
i (p""m - p"(z)2) = De foreign trade balance (S-2;)
The budget balances of the other (domestic) ageatiormulated as follows:
SY =viDe + tr*(0) current account (foreign net savings)  (S-22)
% "SG + & = 2 { 7Wid X, + pX &Y + % 1 "E, + i { 7R, " -

- NP, "(z)Z}+ tré(D) government’s budget (S-29)
p’ +S° = qEE +tr; %0 sectoral budgets (S-28°)
ZiplG + S = X wid " + tr' () households’ budget (S-29)

The first equation defines the equilibrium condition the commodity markets at home.
Change in stocks is, for the sake of simplicitysussed to be part of investment demand,
defined ag; b .

The budget identities are thus somewhat differemtedguivalent to their counterparts in
the one-sector model. Observe, for example, thaffoneign saving$") is determined by the
current account, not by the balance of foreigndréaekt income from abroad) alone, since net
current transfergr” is also taken into account. In addition to housdhand government, the
production sectors appear also as economic actaheimodel. They represent the enterprise
managers, entrepreneurs and rentiers, who makegirod and investment decisions as well
as distribute the profits. As a result, unlikelie bne-sector model, profit income does not go
directly to the households, but through incomegtethiution.

Each actor (domestic and foreign) disposes withvangportion of GDP, which forms
their initial (gross or net) income position. Holskls get hold of gross wages, the sectors
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retain their gross operating surplus (amortizatmos profit), whereas the government
collects taxes and pays subsidies, foreign netniec formed by the balance of trade. The
initial incomes are then transferred from one grompanother through different channels. In
the CGE models all sorts of transfer payments akernt into account one by one. (Typical
examples of transfers include income taxes, pensiotributions, property taxes, investment
taxes, social benefits and the likes.) Their n&tot$ on the initial incomes of the agents are
denoted by th&", trd, trjsandtrkh variables. The value of these agent specificnaesfers can

be either positive or negative, but their total shas to be always zero (one transfers some
amount to another actor). The disposable incomeehousehold groups formed in this way
can be seen on the right hand sides of the budgetiens.

The households and the government make the desisiomcerning private and public
consumption expenditures and net financial sav{sge them on the left hand sides of the
budget equations), the sum of which must be equidleir disposable income, as stated by the
budget constraints. The sum total of net finanséalings &' + & + 3; §° + S“) has to be zero,
which secures that total private, public and fanesgvings plus the retained earnings by the
sectors will be equal to investments. It can be aloown that equation system (S-01) - (S-25)
fulfils the requirement of Walras law.

Equation (S-26) establishes relationship betwearsétoolds’ savingsy) and disposable
income by means of a saving ratg)

S' = gz wid "1 + tr"(0) households’ total savings (S-26")

In the one-sector macroeconomic model we distifguassaving rates from wages and
profits. This latter relationship, used in CGE mlsdées a more realistic way to represent the

saving behaviour, since most households receiveesvag well as profit shares or rents.
Saving rates differ across income groups rathar tlegoend on the source of income.

In the multisectoral model the real exchange raliebe defined as

v = VIZ; p"(2) Z/Z; pihEﬁ real exchange rate (S-27)

Finally, for practical reasons we will use the déaing

pe = Z; pila/Z; po consumers’ price index, (S-28)
which will be set to unity, in a way similar 8™ = 1 in the one-sector model:

pc=1 (S-29:v)

Setting the price level in this way means thatala@lev becomes the consumer purchasing

power of the foreign currency. Setting the prioeelan this way will mean that the will be
the real wage rate, the same way as in the onerseciel in the case pf™ = 1.

Similarly, we introduce the average investmentenlex as

p° = (& p"™E, by M)/ price index of the capital goods (S-30)

The above equation system (S-01)-(S-28) is an afpnt variant of equations (1)-(15) in
the one-sector model, except that we have not gietl the tax level, which will adjust in
the Johansen closure aslid in the one-sector model. This additional texel variable will

be denoted byr, and it will be added to the model. It is a poit variable multiplier
attached to (11§W) and (14°) factors in the definition of disposable income.
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In order to implement the structural closures tbe@ model has to be modified further.
Equation (S-19) is replaced by (S-19’), containsegxtoral investment functions and total
investment] is dropped as a variable. New variables and espusmtiave to be the introduced,
as in the case of the one-sector model. Firstlpfred potentially variable profit mark-up rates
(aﬂlﬂ]-") have to be introduced, whetg is the general level of the profit mark-up (equmal
in the base) and thq" parameters denote their sectoral differencesr(tr@ues are set at
their observed base level). Parallel to that, gopesating surplusg(k;) has to be accordingly
redefined and replaced in equations (S-03) anMQSanjbmjd[Bj + a,rmja@j", where the first
term represents the amortization and the seconplrdii (net operating surplus).

Next, the relationship between the general levehefnet rate of returrvy and the profit
mark-up @) has to be specified, as it was done by equatfiéh it the one-sector model. In
the multisectoral model the following two equatiani do the same:

70" DK = o, G" sectoral rate of return differences  (S-81)
Sid™ =3 d™ normalization of the rates of return (S-32)

In closures in which total investment is exogenmas more equations are needed.
However, when total investment is endogenous sathieasectoral investment are determined
by (S-19) we still need an equation to determimeafgregate investment behaviour. This can
be formulated in a similar manner to what we useithé one-sector model:

| = 1(7) = 1°Qr 7P)° investment function (S-33)

which can represent fixed investment level as (el 0).

6.2. Closure options in the stylised CGE models

The equation system (S-01)-(S-30) is thus the smdtoral counterpart of equations (1)-
(15) in the case of the one-sector model. It costdif+11 equations and the following,
altogether 18+8 variables will be endogenous in all closuresun simulation:

kjl |]| pja) Xj) Zi) p]hu th) m) pihm) ijl q]) prl piC) pje) pim) ITI Ci) |]| X|hm| gwl gl| SS and§| CV) pC, Vv
andp”.

This means that 3 further (endogenous) variablestdt to be chosen to make the system
well determined.

dw Will be exogenous in all closures, as indicatedvabG will be also exogenous as in
the one-sector model. The additional endogenouahbtas can be chosen thus from among

I, L w, aw, V; Or De, Q7
in the case of the neoclassical, Johansen, Keynasid the neo-Keynesian closures.

In the case of the structuralist closudsis added to the list of the always endogenous
variables, andr, is added to the former list of the potential erelumus variables. Sindeas at
the same time dropped from the model (or, altevehtj it becomes an always endogenous
variable, associated with identity= 2; I;) the number of potential endogenous variables
remains seven. The degree of freedom increaseséy Four more endogenous variables
have to be chosen out of the seven candidate Vesiand the remaining three fixed, in order
to close the model. So, the closure options arsdinge as in the case of the one-sector model
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(see in Table 1), the only differences would béhim notation:r andc™ is replaced byr; and
a,.

6.3. The equations of the disaggregated CGE model used in our simulations

To make the model as practical as possible, holedeator is disaggregated into three
groups (income terciles), and three main areas avhedtic use (private consumption,
investment and other areas) are also distinguisheglyming different elasticity parameters
determining their import-domestic composition. Iddaion to disaggregation we use, for
practical reasons, somewhat different forms of $jgation for various functions describing
substitution possibilities than in the one-sectardeil. The detailed representation of the
complex tax- and income redistribution system atgpiires a model somewhat different from
the stylised model. The export supply functionsdusethis model are also different from the
one used in the one-sector model. They may depgatt from the prices, on the level of
output too.

Further on, following the example of recent CGE-mieddesigned for policy analysis,
nested CES production functions are used in oureiiod, in whichenergy appears also as
a production factosubstitutable with labour and capital. As a resuéige induced shifts will
be smaller than in the one-sector model. Subsiitubetween various types of energy inputs
will be also allowed for in the production function

In the following equation list of the model we peege, as much as it was possible, the
logic and sequence of the equations of the stylisedel. Therefore, the first block contains
the production functions and the derived factor aedequations:

1=A(l;, ki, &) production functions (unit isoquants)  (M-&):

I = lj(wi/ aw, ¢, p°") labour input coefficient (M-02)

g =g (wW/aw, 9, pjer) aggregate energy input coefficient (M-03)
aj = (P, sy, - Py @), i OEN variable input coefficients (M-04)
pi™ = p"™ + 7"), i O EN user’s price of energy in production (M-05)
pe"= 2. P E /g user price (cost) of aggregate energy, (M-06)

where EN = §+1,s+2, ... ,n}is the index set of energy products.
The following three equations define the compaosgtetoral outputs:

Xj = x,-(xjh, z) composition of the sectoral outputs (M-07)
z=r"(p", PR exports supply (M-08)
p*=p/"1x) + pIlz/x) (average) producers’ prices (M-08))

By splitting the market of each product into thentnened three main areas of use, the
total supply of domestic and import products ondbmestic market is defined as

"= x4+ x4 " decomposition of the domestic supply ~ (M-10)
m=m°+m°+m" decomposition of the import supply (M-11)
The multisectoral and use-specific equivalentsqpfations (7)-(9) are as follows:

rhm _

XM= ", m), composite supply by market segments (M-12)
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m' =r™(p", pMx" imports supply by market segments (M-13)
p™ = ™" + p M) /X average domestic users’ prices, (M-14)

wherer = 0, ¢, b (c consumption, b investment, o otheaarof use).

In the above equationigw/a w, g, p™), x5, ), (", PO, X", m") andr™(p!,
p.™) are all dual forms, derived from assumed optingZiehaviour.

The auxiliary (sectoral) cost and price variablesas follows:

w; = (1+5")wid" cost of labour (M-15)

g = pjbmja + 71d;") Walras’s cost of capital, (M-16)

where

p” =i p"""Dy price indices of the capital goods (M-17)

p’ = (1+59) NP () domestic price of exports (M-18)

pt= oL p"MEy + ., @y + Wl + & +pE,  price-cost identity (M-19)

p" = (1+5") NP, "™ domestic price of imports (M-20)

The aggregate demand for labour and capital isnagianply the algebraic sum of the
sectoral demands:

2 X =L total use of labour (M-21)

2k =K total capital demand (M-229

As can be seen, equations (M01)-(M14), supplementtddequations (M15)-(M22), are
simply the multisectoral equivalents of equatioBslj-(S-17) of the stylised CGE model.

As in this disaggregated CGE-model consumer demandepresented by a linear
expenditure system (LES):

Y=Y+ St Pay - P)IC consumers’ demand (LES), (M-23)
where consumer’s prices contain taxes and subdildifssed by ad valorem consumption tax
rates ¢°) in addition to their seller’s basic prices:

p’ = 1+ consumers’ prices (M-24)

The s} functions define the expenditure minimizing shanécommodities in variable
consumption, whose level &’ andy: is the fixed (‘committed’) part of consumer demand
The total consumption of the households by sectdr®rigin () can be computed by
summing over the consumption of the individual fedwdd groups:

C = ZkYik (M-25)

In the equilibrium the composite supply of consug@nds should be equal to the demand
for them, where the demand is the sum of the copsom of the inbound touristsyiit) and
the household:

XM= +y (M-26:%7")

Similarly, the composite supply of investment gogtisuld be equal, in equilibrium, to
the total investment demand:

X" =2 by, (M-27:%)
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In the non-structuralist closures the sectoral stment levels are determined again by
assuming fixed sectoral investment shaé)s (

lj = qa[ﬂ sectoral investment levels, (M-28)

while in the structuralist closures the sectorakstment functions will be the same as in (S-
19'):

l; = 1i(q) = 1’/ kK sectoral investment functions, (M-28")
which can represent fixed investment level as \glF 0). Of course, in this case the total
investment levell] drops out of the model.

The equilibrium condition on other market areaagsgollows:

X" = 3 g% + UG +y° (i=1,2,..n), (M-29: x°")
wheres? represents the commodity-structure of the goventrmensumption ang® stands
for inventory accumulation.

The balance of trad®() is defined in the multisectoral model by the daling equation:

> (p""m - p"z)Z - py°v) =De  foreign trade balance (deficit) (M-3Dy)

Note that fixing the gross trade balance (i.e.,tthde deficit without the Sy /v term)
turns foreign currency reserves into a resourcstecaimt similar to fixed labour and capital.

The budget balances of the other (domestic) ageat®rmulated as follows:

S = viDe + tr" current account (foreign net savings) (M-31)
Zip"EG + & = 5 { WG + i} 5 + i 7B TR+ 7, -

- 1P, @)E +3; 7, """ @ X}+ tr®  government’s budget (M-3%)
P’ +% s/ Py + §°=qEX +tr°  sectoral budgets (M-3%°)
Tpeys + S = o) wid "I + tr,)” household groups’ budget, (M-38")

where thaozkvjv parameters show the individual hoseholds relahare of wage incomes.

The components of the net transfers are defindgeifiollowing ways:

tr' = viT”, (M-35)
whereT" is the net transfer income of the foreign sectsuaed to be exogenous in foreign
currency.

tr9 = 5{ (57 + 1)WE aj 4" + 3} — pelltp + 1)+ (3 + pel) — viT”, (M-36)
where

- 1'andr; are the personal income tax rates and employe#s security contribution rates,

- t, andt; are the households' cash and in-kind benefiteah terms (all routed through the
government),

- T, is the net other transfer expenditure of the secfalso expressed in real terms and
assumed to go through the government).

Ther’T profit tax by sectors and th]é’| disposable income of the households are defined as
follows:
J'=p’™ profit tax by sectors (M-37)
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Where\]j”‘0 are the sector-specific level of the real valuéhefprofit taxes.
3¢ = (1~ 1~ ;)W [T + plAcEy  disposable income of the householdgM-38)
wherepy coefficients show the relative shares of the irlial strata in total cash-benefits.

Using these auxiliary variables the net transfdrshe sectors and households can be
formulated as

wherer; represents the housing sector (as the dummyIfaignotes its index ang, is the

households housing investment expenditure (accduetransfer to the housing sector) in
real terms.

tre = —(&"+ 7)) ay@" T + pelBidTp + peldidll — By - Ko (M-40)
where ¢, coefficients show the relative shares of the imlligl strata in total in-kind benefits
and a; is the Johansen-type tax rate (its default vakiag0), which adjusts in the Johansen

closure asr did in the one-sector model, and its tax baséésdisposable income of the
households.

The sum total of net financial savings & + S + 5; §° + S™) has to be zero, which
secures that total private, public and foreign sgwiplus the retained earnings by the sectors
will be equal to investments. It can be shown #ggiation system (M-01)-(M-34) fulfils the
requirement of Walras law.

To take into account the different behaviour ofatiént types of households, and the fact
that changes in the tax and social security systeswe varying effects on them, different
household groups are defined in many CGE models.GBE model, which was used in our
simulations, classifies them into three groups tequation (M-41) establishes relationship
between households’ saving®)(and disposable income by means of a saving dgte (

Skh = 5kad 1-a) households’ total savings (M-4Cy)
In the multisectoral model the real exchange raliebe defined as
v = VI p"(z) Z/Z p' 3 real exchange rate (M-42)

Observe that the equation system (M-01)-(M-42)psiealent to equations (1)-(15) of the
one-sector model.

Finally, the price level in running simulations withe CGE model will be fixed by the
following equation:

pe = Z; pfla/Z; pe consumers’ price index, (M-43)
which will be set to unity, in a way similar 8™ = 1 in the one-sector model:
pc=1 (M-44.v)

Setting the price level in this way means thatalglev becomes the consumer purchasing
power of the foreign currency.

Similarly, we introduce the average investmentemdex as
p° = (i p"™ME, by M)/ | price index of the capital goods (M-45)
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With the model defined by the above equations @meeasily and quite closely replicate
the simulations done with the one-sector model utite neo-classical, Johansen, Keynesian
and neo-Keynesian closure rules. In order to implenthestructural closuresthe model has
to be modified. Equation (M-28) is replaced by (B2 containing sectoral investment
functions and total investment,is dropped as a variable. New variables, equatems
parameters have to be introduced againg" variables and th(—;"T parameters) as in the case
of the one-sector model or in the stylised CGE-rhoblee unit gross operating surplugpk)
has to be accordingly redefined and replaced inatmpus (M-19) and (M-34) as
pjbmja[ﬁ,- + a,rmjamj", where the first term represents the amortizasiod the second the profit
(net operating surplus).

As in the one-sector model and the stylised CGEehtlie relationships between the
general level of the net rate of retum &nd the profit mark-upa;) are the following:

7P = o [p7G" sectoral rate of return differences (M-485)

Sd"=%d™ normalization of the rates of return (M-44)

6.4. Closure options in the applied CGE models

The equation system (M-01)-(M-45) is thus the nselttoral counterpart of equations (1)-
(15) in the case of the one-sector model. In alltisectoral simulation& will be exogenous
whereas all variables associated with the equatiph61)-(M-45), except fol., D, and v,
which are associated to (M-21), (M-30) and (M-4&ypectively, will beendogenousi.e., kA
I &, a, P B %, 2,06 ML Y ™ w g, P % pR BT 7 Y B cl 7 X
I, x°" SY 9 S° S Y, trd 3 34 tr’, tr, CJ, pe, v andp’ will be endogenous). The
remaining degree of freedom is thus 3. In additmh D, andv;,, variablesl, w, a,, and a;,
which were not associated with any equation, magethus seven macro and auxiliary
variables from among which three further endogenargables can be chosen, in order to
make the system well determined in the case oh#weclassical, Johansen, Keynesian and

the neo-Keynesian closures.

In the case of the structuralist closudsis added to the list of the always endogenous
variables, anda,, associated with (M-47), is added to the formet bf the potential
endogenous variables. Sinces at the same time dropped from the model (terétively, it
becomes an always endogenous variable, associdtieddentity | = 2; I;) the number of
potential endogenous variables remains seven. &geed of freedom increases by one. Four
more endogenous variables have to be chosen dheaseven candidate variables and the
remaining three fixed, in order to close the mo&al, the closure options are the same as in
the case of the one-sector model (see in Tableghg),only differences would be in the
notation:randc™ is replaced byr; anda;.

7. Replicated simulationswith the applied CGE model

We have thus repeated the simulations with a faees'’, three-household CGE model,
which was calibrated on the bases of the samesgatas the one-sector model. We will refer

' The five aggregate sectors are as follows: rawerias (including the energy sectors), manufacturin
industry (without food industry), food and agricukt, material services and non-material services.
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to our numerical model as CGE-mini. As demonstratetthe previous section, the structure
of the CGE-mini is in some aspects different frdm stylized one-sector model presented
above.

Because of these and other differences, it waspossible to reproduce exactly the
benchmark values of the macroeconomic indicatorshef one-sector model either. What
impedes further the comparison of the results ghirem the one-sector macro model and the
five-sector CGE model is that the macro variabkessactoral aggregates, which alone can be
a serious distorting factor. Due to these diffigd; the reproduction of the scenarios of the
one-sector model with CGE-mini required occasignalidepth considerations too.

7.1. Main characteristics of the simulation results

The results of the simulations can be seen in Bablend 6. Notice that in the CGE model
the export, unlike in the one-sector model, dodscontain the turnover of tourist revenues, it
is part of private consumption. Therefore, the wods ofZ and consequently(h and X"
differ from their counterparts in the one-sectordelo Note also, that when gross trade deficit
is fixed, the trade deficitD) might still vary slightly due to the changing éxgn currency
value of the fixed consumption of the inbound tsisi

From Table 5 and 6 the reader can follow and aeadllyse results, most of which can be
expected from the applied theoretical model. ltfise$ to comment only briefly on the
observable differences between the results obtdnoaal one- and the five-sector model. In
the case 0of5% increase in Gthe level of employment and the aggregate volwhe
production changes into the same direction asdrotie-sector model, but more moderately in
the five-sector model. The same applies to theeagge volume of exports and imports, as
well as the general wage and profit rates, whic@dmgle even more moderately.

In the five-sector CGE-model, which links togetldemestic and export supply by CET
transformation functions, exports move practicatlyproportion with domestic demand. It
takes also into account that government consumpbosists basically of non-tradable goods.
Therefore, its change generates smaller export$uatiter repercussions.

In the case 02% increase in import price®ne can observe more significant differences
between the results obtained by the two models. uhderstandable, because changes in the
import prices affect the input structures and comstion patterns too. The neo-Keynesian
closures produce surprisingly more drastic chatlg@s the one-sector model, some variables
(imports, consumption, domestic demand, the exahalate and the government saving)
move even in opposite direction than in the oneesenodel. The structuralist closures (the
first in the case of fixed trade balance, the sddarthe case of fixed real exchange rate) also
provide results qualitatively rather different frotimose obtained in the one-sector model.
Concretely, in the first structuralist closure witked trade balance the employment increases
by 0.7 per cent in the one-sector model while mdpplied CGE-model it decreases by 1 per
cent. In the latter, along with the decreasing @ymplent the output and the private savings
also turn into decrease, as opposed to the onersexidel, where these categories they
increased. The decrease of the private saving ridypdue to the lower decrease of the
household consumption.
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Table 5: The effect of 5% increase in the goverriregpenditure (percentage changes, base valugBiomtHUF or ratios)

fixed real exchange rate

fixed trade balance

5% increase i Base
L-sector macro model values | eoical Jonansen  Keynes, (90 IS Tt | classical Johansen Keynes S TS Faistil.
L level of employmerth 4.04 0 0 2,26 4,94 3,23 4,81 0 0 2,63 4,73 3,31 4,89
X output 55.12 -0,48 -0,30 0,88 2,12 1,30 2,20 -0,43 -0,27 1,14 2,01 1,35 2,25
X" output for domestic use| 35.69 -0,05 -0,09 1,20 2,29 1,54 2,39 -0,10 -0,11 1,36 2,21 1,56 2,43
Z export 19.43 -1,27 -0,69 0,30 1,80 0,86 1,86 -1,04 -0,57 0,73 1,63 0,95 1,93
M import 18.54 -0,79 -0,46 0,42 1,37 0,73 1,49 -0,83 -0,45 0,58 1,29 0,75 1,53
X" domestic supply 54.23 -0,30 -0,21 0,93 1,98 1,26 2,08 -0,35 -0,23 1,10 1,90 1,29 2,12
C private consumption 10.85 -0,06 -2,45 0,05 2,66 1,77 1,76 -0,08 -2,64 0,04 2,55 1,80 1,78
I investment 4.58 -4,96 0 0 0 -1,63 1,86 -5,94 0 0 0 -1,75 1,89
w real wage ralze 3.459 -0,07 -0,03 -2,11 0,05 0,10 -1,43 -0,12 -0,05 -2,49 0,05 0,10 -1,47
7 (q) rate of return on capital| 0.046 0,53 0,41 2,83 -1,01 -0,47 1,28 0,54 0,41 3,22 -0,94 -0,50 1,31
\ nominal exchange rate 1.00 -0,40 -0,10 0,86 0,45 0,07 1,05 -0,13 0,03 1,29 0,37 0,13 1,11
\ real exchange rate 1.00 0 0 0 0 0 0 0,42 0,16 0,34 -0,08 0,08 0,04
v-p*¢ domestic export price 1.00 -0,09 0,07 0,78 0,01 -0,14 0,59 0,13 0,17 1,10 -0,04 -0,10 0,63
ph domestic output price 1.00 0,11 0,06 -0,12 -0,14 -0,03 -0,20 0,03 0,03 -0,22 -0,12 -0,05 -0,22
pa average price of output 1.00 0,04 0,07 0,20 -0,09 -0,07 0,07 0,07 0,08 0,24 -0,09 -0,07 0,08
¥ private saving 7.91 0,49 -0,25 3,39 -0,57 -0,20 1,99 0,56 -0,28 3,92 -0,53 -0,21 2,04
S government saving -1.20 25,34 -0,16 23,69 -5,05 5,23 4,93 25,96 -1,83 23,94 -3,91 4,87 4,73
v-D, foreign saving (in HUF) -2.13 -2,06 -0,84 -1,29 0,69 -0,33 0,23 -0,07 0,01 0,49 0,18 0,08 0,47
a, Wwage/marginal product 1.00 0,00 0,00 0,00 11,85 7,66 7,34 0 0 0 11,33 7,84 7,43
T tax rate 0.00 0 7,05 0 0 0 0 0 7,55 0 0 0 0
p"®  foreign export price 1.007 0,32 0,17 -0,07 -045 -0,21 -0,46 0,26 0,14 -0,18 -0,40 -0,24 -0,48
De foreign trade deficit -2.13 -1,66 -0,74 -2,12 0,23 -0,40 -0,82 0,06 -0,02 -0,78 -0,19 -0,05 -0,64
domestic savings 6.71 -4,10 -0,26 -0,35 0,26 -1,21 1,45 -4,13 0,01 0,23 0,10 -1,15 1,55
terms of trade loss/GDH 0 0,26 0,14 -0,06 -0,37 -0,18 -0,38 0,22 0,12 -0,22 -0,35 -0,20 -0,45

! million persons

2 million HUF/year/person
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Table 6: The effect of 2% increase in world maikgtort prices (percentage changes, base valuediontHUF or ratios)

fixed real exchange rate

fixed trade balance

2% increase ip"™ Base
5-sector CGE model values | e gical Jonansen  Keynes, (90 IS Faistil | lassical Johansen Keynes (S TSN Falstil,
L level of employmeﬂt 4.04 0 0 0,75 3,63 -2,75 0,25 0 0 2,85 6,69 -1,04 3,73
X output 55.12 -0,39 -0,33 0,07 1,39 -2,02 -0,24 -0,18 0 1,52 3,05 -0,86 1,90
X" output for domestic use 34.75 -0,37 -0,38 0,05 1,22 -1,87 -0,19 -0,61 -0,62 0,96 2,44 -1,25 1,38
Z export 20.37 -0,42 -0,23 0,10 1,72 -2,31 -0,33 0,61 1,15 2,55 4,16 -0,16 2,87
M import 18.54 -1,31 -1,20 -0,91 0,10 -2,73 -1,21 -1,49 -1,07 0,01 1,25 -2,09 0,26
X" domestic supply 53.29 -0,69 -0,66 -0,28 0,83 -2,16 -0,54 -0,92 -0,78 0,62 2,03 -1,54 0,98
C private consumption 10.85 -0,90 -1,69 -0,87 1,92 -1,40 -1,44 -1,02 -3,73 -0,90 3,52 -0,52 -0,60
I investment 4.58 -1,63 0 0 0 -6,87 0,05 -6,21 0 0 0 -9,55 1,37
w real wage ratZe 3.458 -1,74 -1,73 -2,42 -0,09 0,09 -3,00 -1,99 -1,92 -4,51 -0,19 0,02 -4,80
7z (q) rate of return on capital 0.047 -1,67 -1,71 -0,92 -5,02 -3,49 -0,05 -1,65 -1,79 1,19 -6,13 -4,09 1,38
\ nominal exchange rate 1.00 0,76 0,86 1,18 0,73 -0,55 1,46 2,04 2,23 3,63 1,94 0,93 4,07
Vi real exchange rate 1.00 0 0 0 0 0 0 1,93 1,66 1,86 1,11 1,88 1,77
v-p*¢ domestic export price 1.00 0,86 0,92 1,16 0,30 0,03 1,55 1,89 1,94 2,98 0,90 0,97 3,34
ph domestic output price 1.00 -0,71 -0,73 -0,79 -0,81 -0,46 -0,82 -1,08 -1,08 -1,35 -1,16 -0,90 -1,43
pa average price of output 1.00 -0,16 -0,15 -0,10 -0,41 -0,29 0,01 -0,03 -0,01 0,19 -0,43 -0,23 0,27
¥ private saving 7.91 -1,89 -2,13 -0,94 -5,17 -4,33 0,01 -1,59 -2,46 2,00 -5,86 -4,51 2,38
S government saving -1.20 7,37 -1,01 6,85 -23,81 13,32 13,02 10,27 -18,94 8,32 -40,71 5,05 4,97
v-D, foreign saving (in HUF) -2.13 -8,52 -8,13 -8,33 -6,23 -9,43 -8,56 0,78 0,88 1,42 0,83 0,36 1,61
a, Wwage/marginal product 1.00 0 0 0 13,03 -1,71 -2,34 0 0 0 21,2 2,5 1,3
a; additional income tax ratdg  0.00 0 2,49 0 0 0 0 0 8,22 0 0 0 0
p"®  foreign export price 1.00 0,11 0,06 -0,02 -0,43 0,59 0,08 -0,15 -0,29 -0,63 -1,02 0,04 -0,70
De foreign trade deficit -2.13 -9,20 -8,92 -9,40 -6,91 -8,93 -9,87 -1,24 -1,33 -2,13 -1,09 -0,57 -2,36
domestic savings 6.71 -3,59 -2,34 -2,38 -1,73 -7,58 -2,39 -3,78 0,58 0,83 0,57 -6,27 1,91
terms of trade loss/GDP 0 -1,48 -1,52 -1,58 -1,92 -1,09 -1,49 -1,79 -1,91 -2,24 -2,50 -1,58 -2,31

million persons

“ million HUF/year/person
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In the second structuralist closure with fixed exulpe rate the employment decreases by
0.9 per cent in the one-sector model while in tpeliad CGE-model it increases by 1/4 per
cent. In the latter the rate of return and the stment practically remains at the base level,
while in the one-sector model it decreased by &rxpnt.

These results show clearly, that in multi-sectonaldels the effects are difficult to trace
back even in such theoretically transparent moddlia such simple simulation scenarios.
One has to look at the details and bear in mindhalse equations in which the changing
parameters have significant direct or indirect role

7.2. The effect of differentiating the changes in parameters across sectors

It is also important to note, that one could defeiate the expected changes in parameters
across sectors in a multi-sectoral model, whichld/guoduce even more different results for
otherwise similar scenarios than the one-sectoraiméwr example, if one assumed instead of
the general 2% increase in the import prices that the price of the raw materials increased
by 8.8 %, which would generate the same 2% increasiee aggregate import price index,
then the structural effects would be more pronodné®r example, in the neo-Keynesian
closure, in the case of fixed trade balance, tfotossl imports would change the way as
shown in Table 7.

Table 7. Change in import demand by sector, %

Scenario \ Sector code Row | Manufac-| Food and | Material | Non-mat. | Total
materials | turing agriculture | services| services
Overall 2% price increase -3.14 3.25 1.62 0.32 1-11.0 1.25
8.8 % in raw material prices -5.68 2.91 2.56 1.33 .170 0.66
Difference -2.54 -0.34 0.94 1.01 1.18 -0.5

One can see that concentrating the assumed impcetghanges to one sector resulted in
only half as large increase in total import, foriethonly two sectors were responsible
(understandably the row materials and less inelyithe manufacturing products).

We should warn the reader that our necessarilydoimumber of simulations served only
demonstrative purposes. Only one exogenous variabke assumed to change in each of
them. In other words, we did not attempt to forneilehanges consistent (both theoretically
and empirically) in all important exogenous catég®as it should be done in a more realistic
scenario package. Our aim was only to replicatesihmulations done with the one-sector
model.

8. Concluding remarks

In this paper the problem of macro closure wassi®d, a problem that arises in one-
period general equilibrium models if they are bas#etttly on neo-classical assumptions.
Following and extending the earlier literature be subject, alternative “closure rules” were
discussed, and these can be used to allow for ammoms investment decisions and other
more realistic adjustment mechanisms in such models
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In a one-sector model, it was first demonstrated tioe effects of exogenous shocks
depend on the adjustment mechanisms one assumég toperating. Running similar
simulations with a complex CGE model, based onl2@ungarian database compiled by us,
we demonstrated the robustness of the model framkewe., that applying the same closure
rule, one will get roughly the same results for thacroeconomic aggregates from the one-
sector and multi-sector CGE model. The resultseghfirom assuming different closures will,
however, yield characteristically different results

We have illustrated the limitations of the simplaaroeconomic model, and its inability
to project the changes in key macro variables emtlugh. A CGE model provides not only
more realistic predictions, but also clearer exalemms of the mechanisms that lie behind the
projected changes. In particular, we pointed oat #h multi-sectoral model may use more
elaborate technology, income distribution and dein&mctions, and take into account
different exogenous changes affecting various seckdl these features warrant different and
more trustable results from a multisectoral thamggregate macroeconomic model.

The lack of sufficiently reliable economic theoriggevents model builders from
formulating enough consistency criteria (equatidosnatch all the potential variables of the
model. This is why some have to be set exogenods$ig. emerging dilemma, concerning
which variables should be exogenous and/or endaggnocan be perceived as the
generalization of the classical closure problene glven policy problem being analysed not
only limits the choice of macro closure, but alsggests what particular closure rules could
or should be chosen. When doubts remain, the nesdgftiould test the model by choosing
alternative closure options, on the basis of whilb/he can formulate alternative scenarios,
in which the exogenous variables are better harneohi
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