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ABSTRACT

A Stochastic Dynamic General Equilibrium Model for Greece*
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from abroad. The volatility, persistence, and co-movement properties of the
business cycle component of the data generated by the model are broadly
consistent with the actual behaviour of the corresponding actual data of the
Greek economy, in 1960-92. We use the model to investigate the response of
major macrogconomic variables to temporary and permanent changes in
government policy variables, foreign transfers and the rate of return on foreign
assets.
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NON-TECHNICAL SUMMARY

in several recent empirical papers on the business cycle properties of various
OECD economies over the last 40 years or s0, Lucas’ (1977) conjecture that
the business cycle has more or less the same pattern across countries has
been validated. On the other hand, the theoretical business cycle literature has
been characterized by the great success of the so-called real business cycle
(RBC) models in accounting for most major stylized facts of business cycles in
the United States. These two outcomes suggest that RBC modeis could be
used to study the business cycles of other OECD countries as well. Despite
some notable exceptions for Canada, France, and Portugal, however, this has
not been the case so far. The reasons that are typically mentioned for the
reluctance of researchers to adapt RBC models to study the business cycles
of other OECD countries are:

1. The lack of appropriate and/or reliable data.

it The notion that most OECD economies other than the United States
should be modelled as small open economies and, in several cases,
with capital market imperfections.

. The notion that in most QECD economies other than the United States,
the role of the public sector is crucial in the workings of the economy.

IV. The great differences observed in labour market behaviour.

in this paper, we build an RBC model for a country that: is thought to have
problems with (l) above; is typically modelied as a small open economy; has a
public sector which for the last three decades amounts to about ane-third of its
GDP: and has a labour market that is believed to be heavily influenced by the
annual contract between an umbrella labour union (F'£EE) and an industry
guild (ZEB) — Greece.

Our first objective is to investigate whether an RBC-type model that tries to
capture these features has any success in accounting for the stylized facts of
business cycles of post-war Greece. Thus, we develop an RBC model for
Greece that is calibrated on several stylized facts of economic growth from
1960 to 1992. Household preferences depend on private and public
consumption and leisure. Government finances its consumption, invests in
capital, and engages in transfer payments 10 the private sector by way of a
proportional income tax. An international capital market exists where



househalds can buy and sell foreign assets. Households also receive transfer
payments from abroad,

The second objective of the paper is to investigate, if the descriptive power of
the model allows, the response of the Greek economy to various changes in
govemment policy and transfers from abroad. In this modet government policy
changes are not neutral since they affect the effective income tax rate,
introducing incentive effects for capital accumulation and work effort, Thus,
one of the questions we are interested in is whether the increase in
government consumption and domestic transfer payments, and the decrease
in government investment along with the increased foreign transfers that
characterized the economy over the last 20 vyears, affected output,
consumption, investment, work, ete. Other than applying the mode! to the
Greek economy, our contribution lies with the fact that unlike Mendoza (1991},
we model the public sector. And, unlike Correia ef af (1995), we do not
assume lump-sum taxes. The latter assumption would have greatly simplified
the solution to the model.

Our simple medel does quite well in reproducing several of the key stylized
facts of the Greek business cycle. One source of the problems that remains is
the fact that foreign transfers are assumed (as a tractable device to solve the
model} proportional to GDP, which they are not. One of the surprising
properties of the model is that it is consistent with what some believe to be an
idiosyncrasy of the Greek economy — the fact that increases in foreign
transfers lead to less output and work and more consumption and foreign
investment.

The effects of both temporary and permanent increases in total factor
productivity are the typical responses found in RBC models. The response of
an increase in the GDP share of foreign transfers increases consumption,
foreign assets and the trade balance, and decreases work, investment output
and both private and public capital. The main effect of a decline in the
international interest rate is to reduce foreign asset holdings and the trade
balance and to increase domestic private investment.

Our model predicts that increases in the GDP share of govemment
consumption have adverse effects on output ard the factors of production and
tend to increase foreign asset holdings. As can be seen from the impulse
response function diagrams, a 1% permanent increase in the GDP share of
government consumption leads to an 8% fall in output. Increases in the GDP
share of government investment increase output and the factors of production
and lower foreign asset holdings. The response of an increase in the GDP



share of domestic transfers is qualitatively similar, but quantitatively smaller, to
an increase in the GDP share of government consumption.

Thus our mode! suggests that the increases in the shares of government
consurnption, and foreign and domestic transfers over the last 20 years have
worked to reduce the performance of the Greek economy both with respect to
its steady state and its transition to it (see Kollintzas and Vassilatos (1296)).
The primary mechanisms behind this resuit are the distortions on the
incentives to save and work.

Although our model’s prediction for the volatility, persistence and co-
movement properties of the key magcroeconomic variables were insensitive 10
the value of 9, this was not the case for the impulse response functions
(especially for labour).

The transition towards the steady state was captured by choosing the
appropriate initial values. In future work it would be interesting to calibrate the
economy in two periods (before and after 1974) thus achieving a closer fit with
real data characteristics. Presumably, the model would be able to better
account for most of these stylized facts if we calibrated the mode! in two
steady states, each being associated with a different set of values for the tax
policy variables, and then follow the usual procedure.



1. Introduction

In several recent empirical papers on the business cycle properties of various OECD
economics over the last forty or so years (See. e.g., Kydland and Prescott (1990), Backus and
Kchoe (1992}, Danthine and Donaldson (1993}, Fiorito and Kollintzas (1994) and
Christodoulakis, Dimelis and Kollintzas (1995)), Lucas' (1977) conjecture that the business cycle
has more or less the same pattern across countries has beea validated. On the other hand, the
theoretical business eyele literature has been characterized by the great suceess of the so-called
real business eycle (RBC) models (See, e.g.. Kydland and Prescott (1982, 1988, 1991), Hansen
(1985), Greenwood, Hercowitz, and Heffman (1988), King, Plosser, and Rebelo (1988),
Benhabib, Rogerson, and Wright (1991), Backus, Kehoe, and Kydland (1992), Baxter and King
(1993), Baxter and Crucini (1993), and McGrattan (1994).) in accounting for most major stylized
facts of business cycles in the United States. These two outcomes would suggest that RBC
models would be used to study the business cycles of other OECD countrics as well. However,
despite some notable exceptions {e.g., Mendoza (1991) for Canada; Bruno and Portier (1993) for
France, and Correia, Neves and Rebelo (1995) for Portugal) this has not, so far, been the case,
The reasons that are typically mentioned for the reluctance of rescarchers to adapt RBC models
to study the business cycles of other OECD countrics are:

() The lack of appropriate and/or reliable data.

(@ The notion that most OECD cconomies other than that of the United States should be
better modeled as «smal] ¢pen cconomics» and, in several cases, with capital market
imperfections (See, ¢.g., Mendoza (1951, p.815)).

Gif) The notion that in most OECD economies other than that of the United States the role of
the publie sector is crucial in the workings of the cconomy.

Gv) The great differences observed in Jabor market behavior (See, e.g., Danthine and
Donaldson (1993, Pp-29-30) and Fiorito and Kollintzas (1994, p.259-260)),

In this paper, we build an RBC model for & country that is thought to have problems with
(). typically modeled like a «small open cconomy», has a public sector which for the Jast three
decades amounts to about one third of its GDP. and its labor market is believed to be heavily
influenced by the annual contract {See, c.g., Petrakis and Vlassis (1996).) between an umbrella
labor union (I'ZEE) and an industry guild (TEB) - Greece. Our first objective is to investigate
whether an RBC - type model that tries to capture these features has any suceess in aceounting
for the stylized facts of business cycles of post war Greece. Thus, we develop an RBC model for
Greece that is calibrated on several stylized facts of economic growth from 1960 to 1992,
Houschold preferences depend on private and public consemption and leisure. Government
finances its consumption and makes investment in capital, engages in transfer payments to the

private sector by way of a proportional income tax. An international capital market exists where



houscholds can buy and scll foreign asscis. Houscholds also reccive transfer payments from
abroad.

The sceond objective of the paper is to investigate, if the deseriptive power of the model
allows, the response of the Greek Economy to various changes in government policy and
transfers from abroad. In this model government policy changes are not neutral since they aflect
the effective income tax rate introducing incentive effects for capital accumulation and work
offort. Thus, onc of the questions we are interested is whether the increase in government
consumption and domestic transfers payments J:md the decrease in government investment along
with the increased foreign transfers that characterized the economy over the last twenty years
affected output, consumption, investment, work, ete. Other than the application o the Greek
cconomy, our contribution ties with the fact that unlike Mendoza (1991), we do model the public
sector. And, unlike Correia ct al. {1995), we do not assume lump sum taxes. The latter

assumption would have greatly simplificd the solution to the model.

The plan of the paper is as follows: Section 2 presents the model. Section 3 defines and
solves for the competitive equilibrium and characterizes the steady state growth path. Section 4
calibrates the model and fooks at the descriptive power of the simulated data. Sectien 5 discusses
the results from the investigation of the response of major macroeconomic variables to
temporary and permanent changes in government policy, foreign transfers, and return on foreign

assets. Section 6 concludes the paper.

2. The Model

The economy is popuiated by a large number of identical households, N, who act as price
takers in the fully competitive markets in which they interact. Population grows according to the

deterministic law of motion:

an':}’,‘N; s =2k N°>0. W

2.1 Preferences

Houschold preferences are characterized by the lifetime utility function:

iﬂ"u{C,.L,): B e(0l): ®

Tl

where:
C,=Cl+8CE; §e[-L1] )}
and

(c7L)

dc)=

- ; yefol] oz . ®



C7 is aggregate private consumption in period t; CF is aggrepate government consumption in
peried t; L is the fraction of aggregate time devoted to leisure activities in period & ul.,) is a
temporal utility function; B* is the fixed discount factor.

Government expenditures influcnee private sector utility through the parameter &, If

8 >0, the marginal utility of consumption decreases with an increase in C*. If <0, the
oppesite is true, More specifically, if 9> 0 public and private consumption are perfect
substitutes {e.g.. private seeurity services and police). On the other hand, when @<
government consumption is harmful (e.g., lowquality public education requiring additional time
and money for private courses, students’ protection, etc). When 8=0 the houschold's

preferences are lexicographic with respeet Lo private consumption.

2.2 Technology
An homogeneous final product, Yt , is produced using private capital, K? abor, H, and
government capital, K¥. Technology is characterized by:

7 ¢
Y, =4, K'"(Z, H, )““[—A—'MJ ; A, >0 aef0]), 30 ©)
Z.N,
21 =920 1221 Zy >0 given., ®

Z; characterizes non-stochastic labor augmenting technology: A: characterizes stochastic total
factor productivity; X,/ N, stands for the fraction of:time devoted by the represeniative private
agent to income earning activities in period t {i.c., total time is equal to one).

The dependence of aggregate or individual firm output on the effective, per capita public
capital incorporates the hypothesis that the cconomy's infrastructure (e.g., roads, railroads,
harbors, airports, etc.) affects total factor productivity, ifrcspcclivciy of the quality of the labor
input involved. We surmise that 2 similar formulation has been adopied by Baxter and King
(1993).

Private capital evolves acecording to:

[ P
Kz =¢[~K'—’JK,’ +(1-87)K7; &7 €(01), K7 given, ()
‘
I? is cggregate private investment and @()) incorporates the hypothesis of internal adjustment
costs on gross investment (Lucas and Prescott (1971). The function ©() is positive and
increasing at a decteasing rate.  We also assume that adjustment costs are absent and that
Tobin’s g-ratio is one in the steady state growth path:

o(r.7,—-1+8) =33, -1 +6

and



go’(y:}'n -1 +<5) =1

where ¥,¥, =1 +& is the ratio of investment 1o capital in the steady state This is the
formulation adopted by Correia et al. (1995).

2.3 International borrowing and lending

Mendoza (1991) formalizes the small open c¢cconomy hypothesis by cndogenizing the rate
of time preference, Bruno and Portier (1995) assumc that foreign financial asscls enter negatively
in the wtility function (i.c. domestic households prefer national assets). Cardia (1991) follows the
Blanchard(1985)-Yaari(1965) finite lifetime set-up which however cannot be applied to a
stochastic setting. Here we close the modd differently. Motivated by the various capital flow
controls that characterized the Greck cconomy until 1992(See, e.£.. Alogoskoufis (1995) and
Christodoulakis and Karamouzis (1995).), we introduce transaction costs in the foreign scctor.

Thus, forcign asset holdings of houscholds evolve according 1o

Prf'p(K:f , Kz{A )K:{I = K;f +X, "*'T:f ]
where:
1
== o)
147,
and
lim Ey( o p{ )iy =0 ao

K/ denotes the net aggregate holdings of forcign assets in period t; X, denotes the net exports in
period t; T;‘( denotes the aggregate foreign transfers in petiod G if #” is the international rate of

return, then 7, =1/ p,f —1. Thatis. pj isthe pﬁcc of an asset which delivers one umit of
consumption in the next period. |

The function ¥(.) implies the existencerel transaction costs that affect the price of foreign
asscts. These are assumed tobea positive func'fion of the lavel of transactions. We assume that
function ¥(.) has the form:

KL, -Kly.r:
WK Kl )= 1+E’_[_r.+,1__,-;li:_
2 K}
where  is a positive constant.
Foreign transfers are determined by:
7/ =S/Y, an

The way n which S7 evolves is given in Section 2.5.



24 Government Behavior
The government budget constraint is given by:

CF+If+T, =1y, (12
Government capital evolves according to:
KE =IF +(1-8% JKF: 3% e/0}) 13

Itis aggregate public investment in period t; T, denotes domestic transfers in period t; 7, is the
period tincome tax rate!.

Naturally, an increase in the ratio of government spending to GDP implies higher tax rates
and increasing tax distortions,

Government consumption, government investment, and domestic transfers are determined

by:

G =57, 19
If = SiY, (i3)
T, =57, (6

The way in which Sf,S;, and S; evolve is given below. It should be mentioned,
however, that government is “passive.” In particular, it does not select S¢, § and St in any
optimizing sense.

Clearly, we disregard government deficits and public debt. At first sight, this would seem
like 2 blatant omission for 2 country with a public debt of more than 120% of its GNP. For
reasons explained in Barro (1974), however, the classof models such as ours is characterized by a
form of Ricardian Equivalence, That is, given an unchanged tax rate path (7}, the increase in
public debt is equivalent 1o a decrease in domestic transfers. Morcover, iff an increase in
governmert spending is associated with increases in public debt and distortionary taxation, our
formulation, which focuses on the effects of distortions due to increased tax rates, is fairly similar
to the crowding-out effects stemming from the increased interest rates due to the higher level of
public debt.

Our choice of channet through which higher government spending affects the economy, is
dictated by the lack of appropriate and reliable data on the level, interest and maturity of the
public debt?,

! See Baxter and King (1993) for a detailed deseription of these distortions and their consequences.

TThe true figures on Greek public debt should comprise the central government and the non-central
government public sector (greater public sector - central government). The former is well documented but
the latter, although estimated to be quite substantial, is not. For example, the financial charges
concerning the cost of default of nationalised enterprises is not included in the corresponding interest rate
charges.



2.5 Stochastic Environment

We assume the following univariate laws of motion for the stochastic processes of the

model:

Ind,.,=(-p)n4 +p.nd + £, )
mply =(1-p, Jinp’ +p, Inpl +&l, @9
InS,, =(1-p,)inS" +p,InS] +&l, (19
S, =(1-p )InS +p InS; +&5y (20
InSiy = (1-pi)InS’ +pi InS; +55a @n
InSta =(1-p, )InS" +p; InSf +&hq 22)

are the shocks in the time series of A, j24 .S/ ,8¢,8:,S;. respectively. In particular, the

where A, pVlr .§7, 5°,5" and S'arc the means of the respective stochastic processes;

ParPysPriPe £, p, are the first order autocorrelation coeflicients; 5,",3,"’! . a,f ,sf,s:,s,'

vector of shocks |, is assumed to follow a Gaussian process with a given variance-covariance

matrix.

3. The Solution of the Model

In the steady state all the components of the national income identity grow at the constant rate
¥y Where ¥, is the gross population growth rate and y the gross growth rate of the
technological change. Hercafter, low case letters denote per capita variables deflated by Z. The

discount factor in the transformed (stationary) economyis g = 87 7,7 .” G-a),
3.1 The Competitive Equilibriszum

As usual, a compelitive equilibrium with a non-optimizing government is a vector

stochastic process of the pertinent prices and quantities, such that:

@ The representative firm takes all prices and goverament policy variables as given and secks

an input-output plan so as to maximize its profits:

max (AkI Rk = plh, - piE!) @)

(i) The representative houschold takes all prices and government policy variables as given and
seeks a contingency plan for consumption, investment in domestic assets, foreign assets, leisure,

and work so as to maximize its cxpected lifetime utility subject to its budget constraint:
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and the restrictions (1)-(4), (6)-(10), and (16)-(21).

(i) Given the representative firm’s and houschold’s choices, prices are such that all underlying
markets clear.

() Given the representative firm’s and houschold’s choices, government policy variables end up
being what they were expected to be. Then, given the form of the utility and production

functions, the following are necessary and sufficient conditions for a competitive cquilibrium:

ho__ L Nt
Pl =a k! R o5
2= (1= o)A kP hro kst 6)
T (e § T o
l ~lr_ ﬁ _
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o, A
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(p:l desotes the function @' with its arguments evalvated at time ¢ and ga,_l' denotes the

derivative of ¢~ with respect to ils arguments evaluated at time ¢ Conditions (25) and (26)
equate rental factor prices  to the corresponding marginal factor products. The next two
conditions eguate the current marginal cost (.¢., the value of sacrificed consumption} of invested
wealth to its expected present value of next periods’ marginal benefit associated with the
corresponding investment. Of course, (27) pertains to domestic physical capital and (28) to
tnvestment in foreign assets, Condition (29) is the standard temporal condition that equates the
after tax rental factor price of labor to the marginal value of leisure measured in output units.
The next two conditions are the transversality conditions. The best way, perhaps, 1o interprete
them is that the expected present value of domestic private capital and for¢ign assets held by
domestic agents, at infinity §.c., the end of the world) should be zero.

3.2 Steady State

The balanced growth path .=k =kl =.=k", YT SACY ST SET SR

is characterized by the following equations:

1= B o gF kK R (1= )] 6

= £ L (33)
¥:¥a 07

(1-yje

O=¥/€ _ n—o)F, (k%R

ot~ -0, (5 1.1 o9

c=c¢f +8cF (35

F(kg,k",h)=c’+c:"+i’+i‘+x (36)

L F(KE k7 h) =& +if +1' 67

i? ,

7 = (v 1+ @9
+tf

= (v =) )

ix

F=(7m-—1+5”) (40)

r=S5+S+S @h

where h,c” if ¢85 x, 1 7 are the steady state values of the respective variables.



3.3 Linearizations and Approximate Solution

The first order fecessary condilions arc finearized around the logarithms of the steady
state. The variables in the lncarized Syslem are expressed as pereentage deviations from the
respective steady state values:
% =Inx, ~Inx

where x is the steady state value of the variable x; .

The vector of the state variables is x, =[)'Ef . ]E,f,l;f]' and the veetor of the exogenous
variables is é}, =[.§'f,.§',f,$"f,.§,i,j,,ﬁ,]'.

The linearized Euler equations together with the linearized law of motion of government
capital consist a second - order linear stochastic difference eguation system of the form:

ABXUR 2 -BEXI1)+ I CE ) = TEF - 6B (e

where A, B, C, T, A are constant matrices of dimension 3x3, 3x3, 3x3, 3x6, and 3x6, respectively,

Following Kollintzas(1986), under apprepriate regularity conditions, the general solution
to the above equation is given by:t

R =T%, +UE, (43)

Sn =QE, +¢,,, (44
where the matrices T and Q have cigenvalues which do not exceed unity.

The characteristic polynomial of system (42) has one root equal to zero. This implies that
matrix T has a zero valued cigenvaluc as well, The other two eigenvalues of this matrix are less
than one, which means, according to (42), that the écviations from the steady state values of
private, foreign and government capital follow a flexible accelerator process. Further, we found
that without adjustment costs in the forcign sector, there is one unit root in the characteristic
polynomiai of (42), which although admissible has counterfactual implications.® The introduction

of transaction costs makes the modulus of this root greater than one.,

4. Calibration and the Model's Descriptive Power

In this section we explore the properties and evaluate the descriptive power of our model. For
this reason, we first calibrate the model using annual Greek daty from 1950 ta 199410 and
¢ompare the second moment propertics of the actual and simulated series over the period 1960 -
1950,

® Al these conditions hoid for the Parameter values used in the numerical solution.

# In Correia et al. {1995}, consumption and output are not cointegrated while labor follows a random
walk.

1 These series are available on request.



4.1 Calibrasion

The data set we used to calibrate our model compriscs of annual data at constaat 1970
prices (when relevant). Our main source were the OECD data for Greece. The series for private
and public capital are from KEIE. The serics for hours of work is computed as in Correia
e1al.(1995) on the assumption that there are 7x14 hours per week and the average work week is
40 hours. Thus the series of labor is equal to the employment rate multiplied by the population
and the factor 40/(7x14).The value of the tax rate in the steady state is taken to be the sum of the

mean of the shares of goverament consumption, investment, and domestic transfers {from

equation (41)). The two physical depreciation tates, &7 and 5% were cstimated via 2 GMM
procedure from KEFRE's series of private and government capital, with lagged invesiment and
capital as the instruments.

The value of 7z was set equal to 1.04, soas1e match the average growth rate of per capita
GDP for the corresponding pcrioci. We, thus, assume that during this peried the Greek economy
was near its steady state growth path and therefore its rate of growth, as required by our model,
is characterized by the growth rate of the exogenous labor augmenting technical progresstl. The
value of y, was computed from the population data.

Following Corrgia etal (1995), we st ¢ =2 . We assume that parameter & lakes
alternatively the values 6=-1/2. =0 and §=1/2. Parameter 3. which varies according to the value
of 8 was calibrated from the condition with respect to labor (34). Scc Table 1, below.
Parameters a. § and 7 are jointly calibrated from equations (32) and (33). More specifically, the
average user cost of private capital in the Greek economy during the period under consideration
was 11% (Dimelis ct al. (1956)). Given our value of & , this implies from (32) a value of a equal
to 0.4376. This value is slightly lower compared to the average share of capital reported in
Dimelis et al. {1993). Via equations (32) and (33), this also implies that the steady state rale of
return on foreigm assets must be 11%. That is, r*#=11% or py=0. 9009" . Given the values of
y, and 7, and via (33), this gives §=0.9428 . Given, further, the values of & and v, § isalso
computed. See Table 1, below.

The Parameters f, Ppro Pre Per Piv Py WEIC cstimated from their respeciive stochastic
processes. The same applies to the standard deviations of these variables 0 04 5 0o T
.. Theseries for A, was compuied from the production function. The values of A, 8/, 5°.8 d

and ' were set equal to their respective mean values over the period 1960-1994.

1" This is questioned in Dimelis et al. (1 $96). On this issue, we will return in the last scelion.

11 Following a different calibration method, Correia ctal (1995) also conclude to a value of "=11%. Tihis
value of 1" is higher than the average LIBOR rate for the corresponding period (7.5%). It should be noted
here that the mean value of p" from the data cotresponds to a very low value of a.
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The presence of KO in the production function implics increasing returns with respect to
capital and labor, For this reason to ensure the convergence of the cconomy to a steady state
growth path the parameter £ has to be restricted accordingly. We follow Baxter and King in
setling the value of 7 equal to the share of public investment s' so as the nultiplier of an increase
in government investment that leaves private capital and labor unchanged is unity’s. That is,
effectively we assume that the increase in the private factors of production brought about by the
increase in their marginal products due to the increase in public capital is just balanced by the
reduction in their products stemming from the associated increase in the tax rate.

We set  w=120. This implics fairly small costs in international transactions, The
incorporation of adjustment costs in the forcign sector, which as already mentioned is necessary
for the spectral factorization property, is independently motivated by the elaborate system of
capital controls that prevailed in Greece in the period under consideration (Sce Christodoulakis
and Karamouzs (1993).).

The formulation of our model does not requirc a specific functional form for the

adjustment costs in private capital formation. Following Correia et al. we set £=J/50, which
implies fairly small adjustment costs (about 1% of GDP loss). The values of p, Sf, as well as

the mean value of X/¥ over the period 19601994 imply from equation (39} that & in Greece is
positive and amounts to an average 70% of GDP. This value seems rather reasonable taking into
zccount the number of Greck ships in the high seas and the substantial foreign assets of
repatriated rmmigrants.

Table 1 summarizes the baseline mode parameter values,

13 The mean share in GDP of Govermment investment over the period 1960-1994 is equal to 3.5%.
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Table 1: Calibration

Paramecter Value
a 0.4376
B 0.9428
[} -112 0 112
B 0.950% 0.9517 0.9525
1 0.2196 0.2405 0.2602
¢ 2
&r 0.0279
8 0.0312
4 0.06
£ «1/30
b L) 1.0063
Y1 1.04
e 0.1564
S 0.0345
St 0.1162
st 0.0394
P 0.900%
A 10.1204
pe 0.9622
m 0.8842
pt 0.9368
pr 0.9534
Pr 0.8013
pA 0.9699 J

4.2 The Descriptive Power of the Model

Following usual practice, the descriptive power of our model is evaluated through the
comparison of the second moment properties found in the series generated by the model, with
those characterizing the actual Greek data. This is carried out for the baseline parameterization
described in Section 4.1 complemented with a sensitivity analysis with respect to the parameter 2]
{i.c., we consider the three alternative values 6=-1/2, 8=0, 6=1/2).

To reveal the business eycle behavior of the various series, we first take logarithms and
then apply the Hodrick-Prescott filter with a smoothing parameter 100. In what concerns the
Trade Balance which takes throughout negative values, we simply follow the same procedure
but on the reverse signed series.

We made two sets of experiments. In the first, we pinned down the variability of the shock
in Total Factor Productivity (A) so as the actual and artificial (simulated) series for GDP have
the same variance. This was achieved for standard deviation values of the shock to total Factor
Productivity equal to 0.1835, 0.187 and 0.19 for 6=-1/2, 8=0 and B=1/2, respectively. Total
Factor Productivity accounts for 65.44%, 66.09% and 67.77% of the variability of GDP,
respectively.
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In the sccond exercise, we constrained both the persistence and volatility of the Solow
residual so that the model reproduces exactly not only the volatility but also the serial
correlation of output as well, Thus instcad of using the estimated value p'=0 97, £ was set
equal to 0.77 implying lower persistence for the shock on Total Factor Productivity,

In Tables 2,3, and 4 we report the autocorrelations, relative volatility and ¢ross
correlations for the actual Greek data as well as the simulated (with respect to the baseline
paramctrization) data, for the first experiment. The respective results for the second experiment
are given in Tables 2' 3 and 4,

From the inspection of Table 3 we can see that our model docs fairly well in predicting the
variability of the key macroeconomic variables when 57=0.97, The volatility of investment is the
same as that found in the data while the volatilities of the other variables, with the exception of
the Trade Balance are equally well captured. In contrast with Correia etal. whose model prediet
that the Trade Balance is much less volatile than in reality, our model indicates that its volatility
is higher compared to the actual data,

The general characteristics with respect to relative volatility remain more or less
unchanged when p*=0,77 with only notable exceptions the fall in the variability of the Trade
Balance and Private Consumption which now are considerably closer to the rea] data {sce
Table 37).

As far as the persistence properties we can see from Table 2 that when p%=0,97 our mode]
produces satisfactory results throughout.  Qur model manages to capture the positive sign
although with zn upward bias. The behavior of privgtc investment Is similar to the one found in
Correia etal. The first order serial correlation coefficient of GDP predicted from our model hag
an upward bias,

As seen from Table 2, when 2'=0.77 the model reproduces exactly the same behavior for
GDP and labor as in the real data. The general characteristics for the remaining variables
remain unchanged with the exceptions of private investment and Trade Balance. Thus, with the
persistence of the shock on Total Factor Productivity being lower, our model now predicts a
practically zero value for the autocerralation cocflicient of private investment (implying a white
noise type behavior) which is not consistent with the data show. On the other hand, while the
first order serial correlation characterizing the actual serjes for the Trade Balance is practically
2ero, this is not the case for our mode] which!,prcdicts 2 higher value, Therefore, the decline in

rea data becomes larger.
From the inspection of Table 4, we can see that when 7"=0.97 our model does well in

reproducing the comovement propertics of the various variables, with the exceptions of private
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relations of past and present capital and work with GDP and overestimates the relation of
current GDP with (uture capital and work. On the other hand onc should stress the success of
our moddl in reproducing the general behavior of private investment and the Trade Balance, Our
model docs worse in predicting the way current GDP aflects future investment and net exports
but nearly excels in what concerns the way past and current investment and net exporis relate to
current GDP. Equaily satisfactory are the results for private consumption and government
capital.

The main characteristics of the comovemnent of GDP with the various variables of the
modei for the p*=0.77 (Scc Tabie 4) are gualitatively the same with the exceptions again of
private investment and the Trade Balance. Our model predicts no morc a positive relation
between current GDP and future investment (recall that from Table 4, this cocfficient was low
but positive), while the relation of past net exports with current GDP is found to be practically
zero (instead of 2 small value - but positive and very near real data, for the p*=0.97 case).

Therefore, overall, our simple modcl docs quite well in reproducing several of the key
stylized facts of the Greek Business Cycle. The only exception is the labor market, which for
reasons already mentioned, does not seem o follow well the Walrasian framework. Clearly,
more work is needed towards this issue. It should be imteresting to integrate the RBC
methodology with the dynamic firm-union bg';:'gain set-up (See Eberwein and Kollintzas (1995)).
One other source of the still existing problems must be due to the fact the foreign transfers were

assumed (as a tractable device to solve the mods) proportional to GDP which are certainly not.

Table 2: First Order Serial Correlations { p4=0.97)

Actual Data Simulated Data
0=-112 =0 =112
k» 0.73 0.68 0.68 0.68
kr - 0.59 0.59 0.58
kt 0.83 0.82, 0.80 0.79
¥ 0.32 0.55 0.55 0.55
h 0.28 0.56 0.55 0.55
e 0.43 0.50 0.48 0.46
ir 0.46 0.10 0.10 0.10
x 0.03 0.13 0.13 0.13




‘Table 2" First Order Serial Correlations (p=0.77)

Actual Data Simulated Datz
6=-112 b=0 6=1/2
kr 0.73 0.70 0.70 0.70
ke 0.62 0.62 0.63
ke 0.83 0.87 0.86 0.85
y 0.32 0.32 0.32 0.32
h 0.28 0.27 0.28 0.29
c 0.43 0.50 0.53 0.55
ir 0.46 0.01 0.603 -0.001
x 0.03 0.24 0.26 0.27
Table 3: Relative Velatility ( p1=0.97)
sd(X) fsdfy)
Actual Data Simulated Data

=112 =0 8=12

k» 0.74 (.64 0.65 0.66
kr - 237 2.44 2.50
ke 0.62 0.41 0.45 0.47
y 1.00 1.00 1.00 1.00
h 0.38 0.48 0.48 047
cp 0.68 0.81 0.81 0.82
v 4.33 4.32 4.27 4,22
X 6.73 911 9.23 9.36




Table 3": Relative Volatility ( p#=0.77)

sd(X) /sd(y)

Actual Datz

Simulated Data
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b=-1/2 a=0 8=1/2
k» 0.74 0.57 0.58 0.59
' - 1.86 1.89 1.92
ke 0.62 0.35 0.37 0.39
y 1.00 1.00 1.00 1.00
h 0.38 0.53 0.52 0.51
cp 0.68 0.61 0.59 0.56
i 433 4.29 4.30 4.31
x 6.13 6.98 689 6.82
Fable 4: Correlation between y(t) and X(t-D) (p4=0.97)
Actual Data Simulated Data
8=-112 =0 8=1/2
X [ X@&D X X+ [X@-D X XD | XD X() X+ | X(t-1)  X(1)  X(+1)
o T 009 0004 037 | 04 070 072 | 049 070 0.71 | 048 069 0.70
kt - - - 011 -0.23 <020 | .00 022 -0.28 | -0.10 020 -0.26
ke 1 0.06 0.18 038 | 032 031 031 | 030 029 020 029 028 0.28
¥ 0.32 1 032 | 0.55 1 0.55 | 055 1 0.55 | 0.55 i 0.55
b -0.39 -0.01 0.14 0.28 0.57 042 | 026 052 041 | 0.24 047 039
-] 0.31 0.76 0.39 0.53 0.91 0.44 | 052 0.0 042 | 052 0.89 040
[ 0.36 0.72 042 | 033 061 0.00 | 0.33 062 002 | 033 063 002
X 0.07 0.25 002 | o1 030 -025 | 011 030 -0.25[ 011 031 -0.25




Table 4% Correlation between ¥(t) and X(t-i) ( pr=0.77)

Actugl Data Simulated Data
6=-1/2 =0 =112
X IXe-n) X X(e+1) X(-1) X X(+1) X(e1) X))  X(t+1) X(t-1) X)) X(+1)
ke | .09 -0004 037 | 0.38 0.46 0.7 034 046 071 0.33 046 0.7¢
kf - - - Q.01 005 -0.01 0.01 .07 0.02 0.02 0.09 0.04
ke | 006 0.8 0.38 ) 0.37 036 0.4t 034 034 039 0.31 033 0.37
Y 0.32 1 0.32 | 0.32 ] 0.32 0.32 i 032 | 032 0.32
h 039 .0.0) 0.14 [ 0.20 083 0.7 0.20 081 0.l 0.20 0.80 o0.16
e | 031 0.7 0.39 1 036 092 039 0.37 091 0.0 0.38 0.3% 041
ir 036  0.72 042 | 0I5 071 -0.11 015 072 0.0 {015 0.73 -0.10
X 007 025 002 [-0.0f 021 -o38 001 019 -0.27 [-002 017 -0.26

§. Impulse Response Aunalysis

As we have shown in Subscction 3.3 the veetor with the deviations of the logarithms of the
endogenous state variables of the transformed economy ({t.¢., in efficient, per capita units) from
their respective steady state values, %,, follows the linear faw of motion (43); while the vector

with the deviations of the logarithms of the €xogenous stale variables from their corresponding

mean values, &, follows the AR(1) law of motion (44), Combining these two laws of motion,

Eives an MA(=) representation of the endogenous state variables in terms of the innovations of

the exogenous state variables. That is,

X = Z?’k“:r—k

k=0

P
where y, = Z TUQ !

i=0
This enables us to compute the response of any of the endogenous vasiables {(i.e., both

state and control variables) to any change in the exogenous variables.
We follow standard practice in plotting the responses (i.c., impulsc responsc functions) of
the above mentioned deviations of various endogenous variables to one-period (i.e., temporary)
and infinite-period (.c., permanent) unitary increases m the innovations in each and cvery one of

the above mentioned deviations of the ¢xogenous varables. Further, we do this for all three
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different values of the parameter & cxamined. The plots reveal the usual hump shape responses

with a few exceptions however of even more complex Lype behaviors,

5.1 The cffects of shocks to Tetal Factor Productivity, A:

The ¢lfects of both temporary and permancnt incrcases Lo total [actor productivity are the
typical responses found in RBC medels. That is, a temporary increase in lotal factor
productivity causes a wealth cffect that tends to increase both current consumption and current
Icisure, morcover Via the consumption smoothing channel it tends to affect in a similar way
future consumption and leisure, The last efféct is strengthencd by the expectations cflect brought
about by the nearly random walk behavior of total factor productivity. On the other hand, the
increase in total factor productivity raises the wage rate and creates a substitution effect that
tends 1o decrease leisure. The total effect on leisure (labor) is negative (positive) one in the short
run. The increase in future consumption implics an increase in savings and investment so as to
build sufficient capital in order to satisfy the foriner. This, of course, is the primary propagation
mechanism of the initial shock. The increase in consumption and investment increases output in
a similar fashion. Morcover, the increase in output causes an increase in government
consumption and government investment, that further increases output, and government capital
which increases the productivitics of the factors of production and enhances the propagation
mechanism described earlicr. Now, the increase in domestic total factor productivily causes a
substitution effect between foreign and domestic capital generating a current account deficit §.c.,
foreign capital holdings decling). As domestic capital increases, its return falls so as to end up
below the steady state value of the return in foreign assets. This in turn, eventually causes an
increase in forcign capital. This is responsibie for the underlying overshooting in the behavior of
forcign assets. However, the movement of the trade balance in the short run is opposite to that
of the current account, unlike Backus, Kechoe, and Kydland (1992). This is because in our
formulation the increase in forcign transfers due to the increase in domestic output dominates the
decrease in the trade balance.,

The basic difference between the above responses and those gererated by a permanent
increase in productivity is that the former dics out as the steady state ol the cconomy remains the
same while in the later case they persist, leading to a new steady state where although all great

ratios have the same values, all capital stock variables and labor have higher values,

5.2 The effects of shocks to the Share of Government Consumption, S¢

A temporary increase in the share of GDP that goes to government consumption increases
the effective tax rate of the economy. This increase sets into motion two types of mechanisms.
First it increases the amount of distortions, thercby creating deadweight losses in the economy.

The sccond mechanism operates in a manner similar, but with opposite effect, to the increase in
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the Total Factor Productivity just studied. The increase in the effective tax rate operates through
4 negative income effect that tends to reduce current consumption and leisure, and moreover via
consumption smoothing it tends to affect in 2 similar way future consumption and leisure,
Again, the last cffect is strengthened by the expectations effect brought about by the nearly
random walk bchavior of the GDP share of government consumption. On the other hand, the
increase in the effective tax rate lowers the wage rate and creates a positive substitution effect
that tends 1o increase leisure. The total effect on Ieisure (work} is negative (positive) in the short
run. Although the effect on consumption is always negative for all values of ® the effect on work
is always negative for 8=1/2 and 8=0 and mixed for 0=-1/2. This is apparently happens because
of the refatively strong negative interaction between private and public consumption that causcs
4 quite strong income effect neeessary to amcliorate the negative utility impaet from the inerease
in public consumption.

The deerease in future consumption implies a decrease in savings and investment so as 1o
reduce ¢apital temporarily. The drop in private capital is certainly due 1o the combination of
both these mechanisms. The drop in public investment, transfers and public capital is duc to the
ensuing fall in output. Further, the increase in the domestic tax rate causes a substitution cffect
between domestic and forcign capital gencrating a current account surplus {i.c., an increase in
foreign capital). As domestic capital decreases its refurn raises so as to end up above the steady
state value of the return in foreign asscts. This in turn, eventually causes a decrease in foreign
capital. Furthermore, these changes in foreign capital and domestic output imply 2 ncgative
effect in the trade balance and foreign transfers.

Similar comments apply to the differcnces in the effects of temporary and permanent
changes in the share of GDP that goes to government consumption as in the total factor
productivity case.

It should alse be mentioned that this behavior of government consumption and output is
not inconsistent with a pesitive but less than one value of the multiplicr as typical RBC models
predict (See, ¢.g., Christiano and Eichenbaum, and Baxter zad King). However, given the set up
of our model it is impossible to disentan, gle the effect of a change in the government consumption
share from a lump sum change in government consumption. Our results are different from
Correia et al. where all taxes are lump sum taxes thereby breaking the channel between increased

government consumption and increased taxation.

3.3 The effects of shocks to the Share of Government Investment, S¥

The response of the economy to an increase in the share of GDP that goes to public
investment is more complicated than the corresponding response to a change in the share of
government consumption. To the two mechanisms mentioned above we now have to add a third

one - the increase in public capital brought about by the inerease in government investment. This
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incrcase in public capital increases the marginal productivities of both factors stimulating
demand for both capital and labor. Thus, the response of the economy (o a change in the share
of GDP that goes to public investment in the very short run resembles that of a change in the
share of GDP that gocs to government consumption. But as time goes by the third mechanism
becomes dominant increasing consumption, investment and output.

The response of foreign capital is cven more complicated. The initial disc is brought about
by the distortions caused by the increase in the effective income tax rate. The subsequent fall
arises mostly from the increase in the private capital retum due to the increase in government
capital. The new rise in foreign capital is mainly due to the eventual decline in public capital
caused by its physical depreciation, The final convergence of foreign capital towards its previous

steady state is mostly shaped from the eventual increase in the return of private capital.

5.4 The effects of shocks to the Share of Domestic Transfers

The response of an increase in the GDP share of domestic transfers is qualitatively similar
but guantitatively smaller .to an increase in the GDP share of government consumption. The
only notable exception concerns the behavior of private consumption in the 8=1/2 and 8=0 cases
where the initial response is positive This positive response of consumption takes place as the
negative income effect from the increase in the effective tax rate is counterbalanced by the

positive income effect brought about by the increase in domestic transfers.

5.5 The effects of shocks to the Share of Foreign Transfers

‘The response of an increase in the GDP share of foreign transfers increases consumption,
foreign assets and the trade balance and decreases work, investment output and both private and
public capital. This perhaps paradoxical response of output can be simply explained by the fact
that the positive income effect induced by the increase in foreign transfers, increases consumption
and leisure and reduces both savings (investment) and work.

Several authors have argued that this was the response of the Greek economy to the
transfers from the so called Delors I package (see e.g. Alogoskoufis 1995)14.

While the effects of the temporary increase in the GDP share of forcign transfers
eventually dic out, in the permanent increase case the economy converges to a new steady state

where the corresponding responses last forever.

5.6 The effects of shocks to the Return to foreign assets
The main effect of an increase in p (i.c., decline in r*) is of course to reduce foreign asset

holdings and the trade balance and increase domestic private investment. Part of the deerease in

4 In our mode], this will not be the case if the Increase in forcign transfers is in tandem with an increase in
public investment 25 is presumably the case under the so called Delors [1 package.
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foreign asset holdings is being channcled to domestic investment and part of it to consumption

and leisure (i.c.. reduction in work). The overall impact on income is negative.

6. Conclusions

1n this paper we develop a stochastic dynamic general equilibrium model that is consistent
with several stylized facts of growth of the Greek Economy from 1960 to 1990, in the RBC
tradition. Houschold preferences depend on privale and public consumption and leisure,
Government makes investment in capital, engages in government consumption, and provides
transfer payments to the private sector while maintaining a balanced budget An international
capital market exists where houscholds can buy and scll foreign bonds and receive net transfers
from abroad. The volatility, persistence and comovement properties of the data generated by the
modcl are broadly consistent with the actual behavior of the Greek Economy, from 1960-1992.
We use the model to investigate the response of major macroeconomic variables to temporary
and permancnt changes in government policy variables, foreign transfers, and the international
interest rate.

Our simple model does quite well in reproducing several of the key stylized facts of the
Greck Business Cycle. The only exception is the labor market, which for reasons already
mentioned, does not scem to follow well the Walrasian framework. Clearly, more work is needed
towards this issue. It should be interesting to integrate the RBC methodology with the dynamic
firm-union bargain set-up (See Eberwein and Kollintzas (1995).). One other source of the still
existing problems is due to the fact the forcign transfers were assumed (as a tractable deviee to
solve the model) proportional to GDP which are certainly not.

One of the surprising propertics of the modet is that is consistent with what some belicve to
be an idiosyncrasy of the Greek Economy - the fact that increases in foreign transfers leads to
Jess output and work and more consumption and foreign investments.

The effects of both temporary and permanent increases to total factor productivity are the
typical responses found in RBC models. The response of an increase in the GDP share of
foreign transfers increases consumption, forcign assets and the trade balance and decreases
work, investment output and both private and public capital. The main effect of an increase in p
(i.e., decline in *) is to reduce foreign asset holdings and the trade balance and increase domestic
private investment.

QOur model predicts that increases in the GDP share of government consumption have
adverse effects on output and the factors of production and tend to increase foreign asset
holdings. As can be seen from the impulse response function diagrams a 1% permanent increase
in the GDP share of government consumption leads to an 8% fall in output. Increases in the

GDP share of government investment increase output and the factors of production and lower
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forcign assct holdings. The response of an increase in the GDP share of domestic transfers is
qualitatively similar but quantitatively smaller, to an increase in the GDP share of government
consumplion.

Thus our model suggests that the increases in the shares of government consumption, and
forcign and domestic transfers over the last 20 years have worked to reduce the performance of
the Greek economy both with respect to its steady state and its transition to it (Sce Kollintzas
and Vassilatos (1996).). The primary mechanism behind this result is the distortions on the
incentives to save and work.

Although, our model's prediction for the volatility, persistence and comovement properties
of the key macrocconomic variables were insensitive to the value of 8, this was not the case for
the impulse response functions (specially for labor}.

The transition towards the steady state was captured by choosing the appropriate initial
values. In future work it would be intercsting to calibrate the cconomy in two periods (before and
after 1974} thus achieving a closer fit with real data characteristics, Presumably, the model
would be able to better account for most of these stylized facts if we calibrated the model in two
steady states each onc being associated with a differgnt sct of values for the tax policy variables

and then follow the estal procedure,
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