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This paper presents the theoretical foundations and dynamic properties of a dynamic
stochastic general equilibrium (DSGE) model designed for quantitative policy
analysis and counterfactual exercises. The approach of the paper can be summarized
as follows. First, we present the model’s theoretical framework and building blocks.
Then, we calibrate the model to the Greek economy and examine the dynamic
properties of the model by inspecting the sample moments produced by the model,
reporting impulse response functions to a number of shocks, and by performing
variance decomposition analysis. The results indicate that the model performs quite
well in these contexts.
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1. Introduction

The objective of this paper is to present the theoretical foundations and dynamic
properties of BOGGEM, a Dynamic Stochastic General Equilibrium (DSGE) Model
developed at the Bank of Greece as a quantitative tool for policy analysis. The
approach of the paper can be summarized as follows. First, we present the model’s
theoretical framework and building blocks. Then, we calibrate the model to the Greek
economy and examine its dynamic properties by inspecting the sample moments
generated by the model, reporting impulse response functions to a number of shocks,
and by performing variance decomposition analysis.

In light of the recent sovereign debt crisis and the ongoing economic adjustment
programme in Greece, the need for quantitative answers to questions related to the
effects that policy reforms may have on the macroeconomy is more imperative than
ever. With few exceptions, applied macroeconomic research based on micro-founded
DSGE models is limited in Greece." The goal of this paper is to remedy this omission
by developing a DSGE model of the Greek economy designed for quantitative policy

analysis and counterfactual exercises.?

DSGE models are micro-founded models in which economic outcomes arise as
an equilibrium outcome of rational economic agents whose micro decision problems
are fully dynamic and produce the aggregate, macroeconomic dynamics observed in
the data. They integrate both growth and fluctuations and are established as a useful
and credible framework in which modern macroeconomic theory and policy are
conducted (for reviews, see e.g. King and Rebelo (1999), Rebelo (2005), McGrattan
(2006), Kydland (2006) and Cristiano et al. (2010)). Important work from Smets and
and Wouters (2003, 2007) showed that DSGE models can also provide a suitable and
credible tool for forecasting. Nowadays, many central banks and policy-making
international institutions have developed their own DSGE models that are used for

policy analysis and forecasting.®

! DSGE models calibrated to the Greek economy include Kollintzas and Vassilatos (2000),
Angelopoulos et al. (2009), Papageorgiou (2009), Papageorgiou et al. (2011), Papageorgiou (2012) and
Papageorgiou and Kazanas (2013).

2 An earlier version of this model was used for fiscal policy simulations in the Working Group on
Econometric Modeling (WGEM team on fiscal policy analysis) of the European System of Central
Banks.

% Some examples include the Bank of England Quarterly Model (see Harrison et al. (2005)), the
BEMOD model of the Bank of Spain (see Andres et al. (2006)), the SIGMA model of the Federal
Reserve Board (see Erceg et al. (2006)), the New Area Wide Model (NAWM) of the European Central
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The model we employ is a small open economy DSGE model and aims at
capturing main features of the Greek economy. It is built in the tradition of New
Keynesian models in the sense that includes nominal rigidities and imperfect
competition in the product and labour markets. At its core is a neoclassical growth
model with optimizing agents and technology driven long-run growth. The model
shares main standard characteristics of the models used by most central banks and
international institutions, but also includes some features that are important to adapt

the model to Greece. We would like to highlight the following features of the model.

First, it incorporates a small open economy structure by allowing households
and the government to participate in international financial markets. The domestic
economy is modeled as a small open economy that belongs to a currency area in the
sense that the nominal exchange rate is exogenous and there is no monetary policy
independence. In the absence of autonomous monetary policy, the domestic nominal
interest rate is determined by an exogenously given risk-free foreign nominal interest
rate and a risk-premium component. Thus, fiscal policy is the only available business
cycle stabilization tool, which is a feature that characterizes the Greek economy after
its entrance into the euro area. The open economy framework makes the model
suitable for analyzing the impact of domestic and foreign shocks on key
macroeconomic variables related to the external sector. This is of particular
importance for the Greek economy, where external imbalances are not an unusual

feature of the recent past (see e.g. Kollintzas et al. (2012) for a discussion).

Second, the model includes a highly detailed fiscal policy block. In particular,
fiscal policy is summarized by the paths of the three main types of tax rates
(consumption, capital income and labour income tax rates) and the paths of five key
types of public spending (government purchases on goods and services, public
investment, public sector wages, public employment and government transfers). Thus,
the model is well suited for simulating the effects of the fiscal measures that have
been implemented recently in Greece, such as cuts in public sector wages and

increases in income taxes.

Bank (see Christoffel et al. (2008)), the QUEST model of the European Commission (see Ratto et al.
(2009)), the Euro Area and Global Economy (EAGLE) of the European Central Bank (see Gomes et al.
(2010)), the GIMF model of the International Monetary Fund (see Kumhof et al. (2010)), and many
others.



Third, the model features financial market imperfections in the form of
financially constrained households and sovereign risk-premia on public debt. The
presence of liquidity constrained households has been found to be an important
determinant of the impact of fiscal policy shocks, particularly in periods of tight
financial conditions (see e.g. Coenen et al. (2012, 2013)). The introduction of risk-
premia on public debt reflects the risk of a sovereign default and introduces a
sovereign risk channel through which sovereign default risk is transmitted to the real
economy, in line with the recent evidence provided in European Commission (2012)
and Corsetti et al. (2013).

Fourthly, the model includes a number of nominal and real frictions, such as
price stickiness, price indexation, habit formation in consumption, investment
adjustment costs and variable capital utilization, that have been empirically identified
as playing an important role for the transmission of structural shocks in the short run
(see e.g. Cristiano et al. (2005) and Mertens and Ravn (2011)). Finally, the model
features a number of market imperfections and frictions that have been found to
characterize the Greek economy, such as real wage rigidities and imperfect
competition in the product and labour markets. These features make the model well

suited for examining the macroeconomic effects of structural reforms.

We calibrate the model to the Greek economy at a quarterly frequency over the
period 2000:1-2011:4. Our approach in examining the dynamic properties of the
model can be summarized as follows. First, we investigate the descriptive power of
the model by examining the sample moments produced by the model. Second, we
report impulse response functions to a number of shocks and analyze the main
transmission mechanisms through which these shocks influence the macroeconomy.
Given the ongoing fiscal consolidation effort and the implementation of structural
reforms in products and labour markets in Greece, we are particularly interested in
examining the responses of key macroeconomic variables to fiscal shocks, technology
shocks and shocks to the degree of competition in the product and labour markets.
Finally, we perform variance decomposition analysis in order to quantify the relative
importance of each of the shocks in the variation of key macroeconomic variables.
The results indicate that the model performs quite well.



The rest of this paper is as follows: Section 2 presents the model. Section 3
discusses calibration and long-run solution. Section 4 presents the model’s descriptive

power, impulse response and variance decomposition analysis. Section 5 concludes.

2. The theoretical model

BoGGEM is a DSGE model of a small open economy that belongs to a currency
area in the sense that the nominal exchange rate is exogenous and there is no
monetary policy independence. In the absence of autonomous monetary policy, the
domestic nominal interest rate is determined by an exogenously given risk-free
foreign nominal interest rate and a risk-premium component. As in Gali and
Monacelli (2005) and Adolfson et al (2007), we assume that the domestic country is
of negligible size relative to the rest of the world (referred as foreign economy) and
developments in the domestic economy do not have any impact on the rest of the

world variables.

The domestic economy consists of a large number of households, firms and a
government. In particular, there are two types of households, differing in the ability
to participate in asset markets. The first type of households has access to the financial
markets and can transfer wealth intertemporally by trading bonds and accumulating
physical capital, whereas the second type of households is assumed to be liquidity
constrained in the sense that it cannot lend or borrow. Both types of households
receive labour income by working in the private and public sector. As regards the
labour market in the private sector, households supply differentiated labour services
and act as wage setters in monopolistically competitive markets. Concerning firms,
we distinguish between monopolistically competitive firms that produce tradable
differentiated goods that are sold domestically and in the rest of world, and perfectly
competitive final good firms that produce four non-tradable final goods, namely a
private consumption good, a private investment good, a public consumption good and
a public investment good. There are also importing firms that import differentiated
goods from abroad and operate under monopolistic competition. In addition, there is a

foreign final good firm that combines the exported domestic intermediate goods.

The government hires labour and combines public consumption and public
employment to produce public goods that provide direct utility to households. It levies

taxes on consumption, on income from labour and capital earnings, lump-sum taxes,
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and issues one-period government bonds in the domestic bond market and the
international markets. Total tax revenues plus the issue of new government bonds are
used to finance public purchases of goods and services, public investment,

government transfers and public sector wages.

2.1. Households

The economy is populated by a continuum of households indexed by h<[0,1],
of which a fraction indexed by i €[0,1- 1] are referred to as Ricardian or optimizing
households and a fraction indexed by j e (1—A4,1] are referred to as non-Ricardian or

liquidity constrained households. Optimizing households have unrestricted access to
the capital or financial markets, where they can invest in the form of physical capital,
government bonds and internationally traded bonds. Liquidity constrained households
are not able to lend or borrow and they just consume their after-tax disposable income
in each period. Both households supply differentiated labour services and act as wage

setters in monopolistically competitive markets.

2.1.1. Ricardian Households
Each Ricardian household i has preferences over consumption and hours

worked that are represented by the intertemporal utility function:

o0

E,» Bu(Ci, —&°C iy Hi W Ye) (1)

t=0

where E, is the expectations operator conditional on period-0 information, S € (0,1)
is the discount factor, C,,is the effective consumption (defined below) of Ricardian
households at t, H,, is total hours worked at t, &°€[0,1) is a parameter that
measures the degree of external habit formation in consumption, C_ZLH is average (per

household i) lagged-once effective consumption and Y,° is per-capita public goods
and services produced by the government (such as education, justice, hospitals, etc).

Effective consumption C; , is defined as:



C.=ChL+9v}° (2)
where C/; is private consumption at time t. Thus, public goods and services influence

the private utility through the parameter 9<[-1,1].*

The instantaneous utility function is increasing and concave in its arguments
and is assumed to be of the form:
1+y

_ _ H:
v (Ci‘t —¢ G Hip Y0 ) = log (Ci,t - fcci,t—l) o 1-Lty (3)

where » is the inverse of Frisch labour supply elasticity and « >0 is a preference

parameter related to work effort.

Each household i supplies hours worked in the private sector, Hf,, and the

public sector, H'. As in Ardagna (2001) and Forni et al. (2009), hours of work can

be moved costlessly across the two sectors and are perfect substitutes in the utility

function. Thus, H;, = Hf +H}, in each period t. The household can save in the form

of physical capital, I, , domestic government bonds, B,,, and foreign bonds, F?. It

it? ijt?

receives labour income from working in the private sector, W,?H/", and the public

sector, W;{H?, where W} and W} are the respective real wage rates in the private

and public sector. The households also receive capital income, r‘u, K?, where r* is

Lttt

the real return to the effective amount of private capital services, u, K, K is the

Kot
physical private capital stock and u;, >0 is the intensity of use of capital. They also
earn interest income from domestic government and internationally traded bonds that
pay a gross nominal interest R, and R at time t+1, respectively. Two additional
sources of income are the firm’s profits that are distributed in the form of dividends,
Div

.+» and lump-sum government transfers, G/;.

* See also e.g. Christiano and Eichenbaum (1992), Forni et al. (2010) and Economides et al. (2011, 2012)
for a similar formulation.
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The household pays taxes on consumption, 0<z; <1, on income from labour,

0<¢ <1, capital earnings and dividends, 0 <z <1, and lump-sum taxes, T, . Thus,

the budget constraint of each Ricardian household i is:

i B. S EP
(1+th)ci|’3t +% Ii,t n I;),t;l tplc,t+l _
t t t
= (1_Ttl )(Wi,inl,)t +Wi,gtHig,t)+ (1— 7 )(rtkui,tKiF,)t + Divi,t)+ 4)
B. S.FP
+RL, =+ R =L+ G - T,
R

where P° and P' are the prices of a unit of the private consumption final good and
the investment final good, respectively, and S, is the nominal exchange rate,
expressed in terms of the domestic currency per unit of foreign currency.

The private capital stock is assumed to evolve over time according to the

following law of motion:

Kt = (1_ oF (ui,t)) K +m, [1_ S (LH i (5)

it-1

where S is a convex adjustment cost function of the form proposed by Christiano et
al. (2005) that satisfies S(;/f): S'(;/f):o, S"(-)>0, where y_ is the rate that

private investment grows along the balance growth path. We adopt the following

specification for S :

b))
o) 5l K

where £“>0 is an adjustment cost parameter. As in Greenwood et al. (1988), we
assume that the depreciation rate of private capital depends on the rate of capacity

utilization and is a convex function that satisfies 5’ >0, §"" >0. The modelling
choice is motivated by the fact that variable capital utilization has been found to be
important determinant for the transmission of fiscal policy shocks; see e.g. Mertens

and Ravn (2011). The depreciation function is of the form:
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5" (u,)= 5" ™

where 6" e(O,l) and ¢>0 are respectively the average rate of depreciation of

private capital and the elasticity of marginal depreciation costs. In the law of motion

of capital we also include an investment-specific technology shock, ', that affects

the efficiency of the newly installed investment good. Investment-specific shocks
have been found important driving forces for generating aggregate fluctuations (see
e.g. Greenwood et al. (2000)).

Taking prices {r.RLRIPSRI and fiscal policy
{rf,rt',rt",wi%,Hi@’t,Gi“t,Tt }w as given, each Ricardian household i chooses a
' , ~ t=0

sequence {Ci',)t'Bi,t+l'Fi,$+l’ui,t’Ii,t’Ki',)Hl}:iO in order to maximize (1) subject to the

constraints (4)-(5), the initial conditions for Kf,B,,,F§ plus the non-negatively

constraints for Cf,B, ., Fbu 1 K.

Defining A;, to be the Langrange
multiplier associated with the household’s budget constraint, and Q,, the Langrange
multiplier associated with the private capital accumulation equation, the first-order
conditions for C/,B,.,,Fl.. u. 1. K

B R Ui Lo Ky, include the constraints and the following

conditions:

. (Ci,t - %gcéi,tfl)il

A, = 8a
! (1+ th) (82)
i R
Ai,t = ﬂEt _Ai,t+1 ?{1:| (8b)
_ et
Ai,t = ﬂEt _At+1 ﬁsm} (8C)
(1-7)r = 0,6 (u) (8d)

. 2
Ptl | Iit Iit Iit Ait+l | Iit+l Iit+1
Loqn'|1-S| 2t | -S| = | |4 BEq,,, —tt g S| S || it 8e
Ptc q"tﬂt£ |:Ii,tl Ii,t—l Ii,t—l ﬁ tql,tﬂ Ai,t 77“'1 Ii,t Ii,t ( )
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,BE A|t+1 [(1_ Ttk+1) rtlJ(rlui,tJrl + 0 1 (l -o° (ui,1+1)):| (8f)

it
where TI; =PR°/PR’, is the gross rate of consumer price index (CPI) inflation,

s, =S, /'S, is the gross growth rate of the nominal exchange rate and g, =% IS
it

the shadow price of a unit of capital (i.e. the Tobin’s Q). The optimality conditions are
completed with the transversality conditions for the three assets,

=0.

| t+1

TN O P () o
_O,ELrgﬁ’aC—pB. Oandllmﬂ F

it+1 C it+1
it

imp ek

it
Condition (8a) states that the Lagrange multiplier equals the marginal utility of

consumption. Conditions (8b), (8c) and (8e) are the standard Euler equations forB, ,,

FP" and I,,,, respectively. Condition (8d) states that the marginal benefit of raising

utilization must equal the associated marginal cost. Finally, condition (8f) states that

the relative price of capital is equal to the expected return of capital.

2.1.2. Non-Ricardian households
Liquidity constrained households have the same preferences as optimizing
households that are represented by an equation symmetric to (3), with i= j. They

receive labour income from working in the private and public sector, but they have no
access to the capital or financial markets. Therefore, they cannot lend or borrow and
each period they consume their after-tax disposable wage income plus lump-sum

government transfers. The period-by-period budget constraint of each household |
IS:

(1+ TtC)C“ = (1— 7! )(ij’tH P +WSH J€{t)+ GI, (9)

where H” and H}, are respectively hours worked in the private and public sector
and G}ft are lump-sum government transfers. As in Coenen et al. (2013), we allow for

a possible uneven distribution of government transfers amongst Ricardian and Non-

Ricardian households. The corresponding marginal utility of consumption is given by:
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— -1
A :(Cj,t_‘fccj,t—l)
I (1“‘th)

(10)

2.2 Wage setting and the evolution of wages in the private sector

We assume that wages in the private sector are set by monopolistic unions,
following the approach in Gali et al. (2007) and Forni et al. (2009). More specifically,

households supply the differentiated labour inputs to a continuum of unions h e [0,1]

each of which represents workers of the same type. Each union h represents 1- A
Ricardian and A non-Ricardian households, and in each period it sets the wage rate
for their workers by trading off the utility value of the labour income obtained by
working in the private sector and the disutility of the total work effort. In doing so,
unions take the demand for the differentiated labour input h as given. Additionally,
they take into account the fact that firms and the public sector allocate labour demand
uniformly across different types h of workers, independently of them being Ricardian

or non-Ricardian, which means that hours worked by the two types of households are

equal: HY =H"=H? and H?=H*=H? . Therefore, each period a typical

union h chooses the wage rate, W,”,, in order to maximize the following objective

function:
(Hht)1+}/

L= ALAT (2= JWEHE J+ (1= 2) [ AT, (1= JWiHE, |- (11)
subject to

P\ “

-

" :[\\;VVhSJ B (12)

t
R 19

where equation (12) is the demand for the differentiated labour input h

(derived formally later in Section 2.3.2.), H/ is total labour demand in the private

sector, W,” is the aggregate wage rate in the private sector, A}, A,Ffvt are respectively

the marginal utilities of consumption of non-Ricardian and Ricardian households of

14



type h that are used as weights for the labour income earned by working in the
private sector. Also, ,utW/(lLttW—l)>1 is the elasticity of substitution across the

differentiated labour services. As we demonstrate below, the time varying parameter,

4" >1, has a natural interpretation as a markup in the private labour market.

Restricting our attention on a symmetric equilibrium in which all unions choose

the same wage, the first order condition for the above problem is:

A A 1-2
WP + =" 14
t[MRstNR MRﬁ) H (14)

kH/

where W, is the optimal wage rate chosen by the unions, and MRS = m

xkH7

and MRS? =-——— are respectively the marginal rates of substitution between
C(1-)AT

t
consumption and leisure of the non-Ricardian and Ricardian households. Also, note
that in the case in which 4 =0 (i.e. all households are Ricardian), the time varying
parameter " represents a markup of the optimally chosen real wage rate over the

marginal rate of substitution between consumption and leisure.

Following Hall (2005) and Blanchard and Gali (2007), we introduce rigidities in
the labour market by assuming that real wages respond sluggishly to labour market
conditions as a result of some unmodeled imperfections or frictions in the labour
market. In particular, the real wage rate in the private sector is a weighted average of

the past wage rate and the optimal wage rate chosen by unions:

n * 1-n
W," = (Wtfl) (Wt p) (15)
where 0 <n <1 denotes the degree of real wage rigidities and W, is given by (14).

The above formulation aims at capturing a number of possible sources of
imperfection that have been found to characterize the Greek labour market, e.g.
institutional and legal rigidities, safety nets etc; see European Commission (2010) and
Lapatinas (2009) for a further discussion regarding rigidities in the Greek labour
market. In addition, as found in Uhlig (2007), Malley et al. (2009) and Kliem and
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Uhlig (2013), this specification works quite well in capturing the aggregate dynamics
of hours worked and real wages in the data.’

2.3. Firms

The production sector of the economy is as follows: there is a continuum of

monopolistically competitive domestic intermediate good firms, indexed by f e [0,1] :

each of which produces a differentiated output that is sold domestically or abroad.
There is also a set of four representative perfectly competitive final good firms that
combine purchases of domestically produced intermediate goods with purchases of
imported intermediate goods to produce four non-tradable goods, namely, private

consumption, private investment, public consumption and public investment. In
addition, there is a continuum of importing firms, indexed by f" [0,1], that import

differentiated intermediate goods in a monopolistically competitive environment.
Finally, there is a foreign final good firm that combines purchases of the exported

domestic intermediate goods.

2.3.1. Domestic final good firms

There are four representative perfectly competitive final good firms that
combine purchases of domestically produced intermediate goods with purchases of

imported intermediate goods to produce four non-tradable final goods: a private

consumption good, C’, a private investment good, I, a public consumption good,
G and a public investment good, G?'.

Let us first discuss the production of the private final consumption good. The

representative producer of the private consumption good combines a bundle of
domestically produced intermediate goods, C/, with a bundle of imported
intermediate goods, C.", to generate a composite non-tradable consumption good, C;,

by using a constant elasticity of substitution (CES) production function:

® Microfoundations for Equation (15) can be found e.g. in Petrongolo and Pissarides (2001), Hall
(2003) and Christoffel and Linzert (2010).
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&

= Lo adad

Ci=|@"(Cl) = +@-w)*(Cl)= (16)

C

where o, €[0,1] measures the home bias in the production of the final private

consumption good that determines the degree of openness in the long run, and &, >0

is the elasticity of substitution between domestic and imported consumption goods.

Domestic and foreign intermediate good bundles combine differentiated goods

from each intermediate good firm f, Cf,, and each importing firm ™, C7,, via the

CES functions:

ce = ( (e, )id df jM (17)

cr =[I: (e, ) o ””JM (18)

where the time varying parameters x°, 4" >1 are related to the intratemporal
elasticities of substitution between the differentiated outputs supplied by the domestic

intermediate good and importing firms, respectively. As we demonstrate later, 4 and

m

4 represent price markups in the markets of domestic and imported intermediate
goods.

The producer of the final private consumption good solves a two stages
problem. In the first stage, it takes as given the prices of the domestic and imported

intermediate goods P/, P ., and chooses the optimal amounts of the differentiated

goods C{, and CY, in order to minimize total expenditures for the bundles of

differentiated goods, J':Pfd,tcfytdf and J':Pf”; CT. df , subject to the aggregation

constraints (17) and (18). The solutions of the cost minimization problems give the

demand functions for the intermediate goods f and f™:

oA
Pd ) a4
C?,t = [ﬁ] Ctd (19)
t

17



m an’]“t 7@ m
Cfm,t: ’ Ct (20)

Ptm

where
1 ! Lo

P = jO(P;{t)ﬁ dfj (21)
VIS

R = [P ) df”"] (22)

are respectively the aggregate price indices of the domestic and imported intermediate

goods. Note that s /(s'-1)>1 and /(" -1)>1 are the intratemporal

elasticities of substitution between the differentiated outputs supplied by the domestic

intermediate good producers and importing firms, respectively.

In the second stage, the final consumption good firm takes as given the
aggregate price indices of the domestic and imported intermediate goods, P, P", as
well as the aggregate price index of the final private consumption good P°, and

chooses output, C?, and inputs, C!

,C.", to maximize profits:
7 =R°C{ - PtdCtd -R"C/" (23)

subject to equation (16). The first-order conditions are:

d d\ %

=S
t t

C

ok =(1_0)c)( Pth (25)

t

which give the demand functions for the domestic and imported intermediate
consumption goods bundles, respectively. From the zero profit condition we get the
price index of a unit of the private consumption final good (i.e. the consumer’s price
index), which is a weighted sum of the price indices of the domestic and imported

intermediate goods:

18



RE=la(RY) “+(-a)(R7) " } (26)

The production of the final private investment good is modeled in an analogous

manner. In particular, the representative producer combines a bundle of domestically

m

produced intermediate goods, 1, with a bundle of imported intermediate goods, 1",

to generate a composite non-tradable private investment good, I, by using a CES

production function:

éi
1 &1 1 g1 |g-1

= (17)5 +@-a) (1) (27)

where @ €[0,1] measures the home bias in the production of the final private
investment good and & >0 is the elasticity of substitution between domestic and

imported investment goods. The producer of the final private investment good solves

a problem similar to that of the final consumption good producer. It can be shown that

14 1™ are:

frr Tgmy

Pd B w1
I ?,t = [Lj Itd (28)

m an']“t 7 A m
=] 5w I (29)
t

Accordingly, the demand functions for the bundles of the domestically produced

the demand functions for the intermediate goods,

intermediate goods, 17, and imported intermediate goods, 1", are:

d d\ ¢
Lo (E—j (30)
t t
" pmY "
72(1—0%)(%] (31)
I R
where
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1
i 1-¢ m 1-¢ _75'
R=la(R) " +a-a)(R) " (32)
is the aggregate investment price index.®

Regarding the final public consumption and investment goods, G*and G, we
follow Christoffel et al. (2008) and Stahler and Thomas (2012) and assume them to be

composites made only from domestic intermediate goods. Hence, G* =GC/ and
GY =Gl where

d

GC! = ( [ (sct, )ﬂlf df T (33)

GI¢ :Uj(elfi)ﬂ?df JM (34)

The optimal demand functions for the domestic intermediate good f are:

“
Pd B /ﬁd’]-
GC!, = [ﬁ} GC! (35)
t
d Pfdt ) ﬁ d
Gl = P_& Gl (36)
t

Finally, aggregating across the four final good firms, we get the respective

aggregate demand functions for the domestic and imported intermediate goods f and

fm

Pfd - M/:t—l
Y/ =C{ +1{ +GC{ +GlI{, = P—; A (37)
t
A
m m m an:"t Mm_l m
Yfm,t =Cfm,t+lfm,t: pm Yt (38)
t

® Note that this price might be different from the aggregate price index of the final consumption good
P° due to differences in the home bias parameters.
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where Y =C + 17 +GC/ +Gl/ is total domestic demand for domestically produced

goods and Y," =C" + I" is total demand for imports.

2.3.2. Intermediate good firms

The intermediate goods sector is composed by a continuum of monopolistically

competitive intermediate goods firms indexed by f e [0,1]. Each firm f produces a
single tradable differentiated intermediate good, Y, , by using as inputs private capital

services, K, private labour services, H; , and by making use of average (per firm

f ) public capital K?. The production technology of each firm is:

Vo= A(K) (2H,) (RO — 70 (39)

where a> 0 is the output elasticity of gross capital services, a, > 0 is the productivity

of public capital and z, is labour augmenting technology. Note that the production

function exhibits increasing returns to scale with respect to public capital, as in Baxter
and King (1993) and Leeper et al. (2010). The presence of public capital in the
production function provides production externalities to private sector firms and

introduces a channel through which fiscal policy affects output. Also, ® >0
corresponds to the fixed cost of production that is scaled by the variable z; so that

fixed costs grow at the same rate as output. It can be shown that in a balance-growth

1-a
l-a-a,

path, real output grows by a factor given by z,” =z, . Fixed costs are introduced in

order to rule out the entry and exit of intermediate good producers.

The variable A characterizes the stochastic total factor productivity. In

addition, following e.g. Christiano et al. (2005) and Garcia-Cicco et al. (2010), we

assume that the logarithm of the gross rate of labour augmenting productivity growth,

V.. =% 117_,, is stochastic. Note that A represents a transitory technology shock,

while innovations in y,, have permanent effects on the level of z, and introduce

long-run risks about future growth developments. Both technology shocks are
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common across intermediate goods firms and their stochastic processes are specified

in the next Section.

We note that the labour input employed by each firm, H,, is a composite of

household specific varieties, H';'t indexed by he[O,l], that are supplied in

monopolistically competitive markets via the aggregator:

1 L “
H = UO(Hgt)w dh) (40)
Regarding the demand for variety h, each firm takes the real wage rate W, as

. L 1 . .
given and minimizes the total labour cost, J'OWh'ftH ¢ dh, subject to the constraint (40).

The optimal demand by each firm f for labour of type h is:

W, a
H?,tz(il : Hf,t (41)

where "/ (ytw —1) >1 is the elasticity of substitution across the differentiated labour

services and W, is the aggregate real wage index in the private sector that is given

7

by:
1 . La
=y )

Aggregating over the continuum of firms, we get the aggregate demand for

labour of type h in the private sector:

w

_ M
1 WP\ w1
H hp,t = J.o H ?,tdf = [W_hptj HP (43)

t

" The aggregate wage index is obtained by substituting (40) into the demand function (41) and
aggregating over the continuum of households.
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Intermediate good firms solve a two stages problem. In the first stage, each firm

k

takes as given the factor prices, r,

. and WS and chooses K, ,H, in order to

minimize total real input cost:

min K, +W H,, (44)

Kf,thf,t
subject to equation (39). The first-order conditions are:

Y. +72°D
W, = (1—a)f"H—‘mcf,t (45)

fit

Y, +7/®
rtk _ af’t—thf‘t (46)

fit
where mc,  is the Langrange multiplier associated with the technology constraint,

that is, the real marginal cost in terms of the consumer prices, P°. Note that since all

firms rent inputs at the same input prices and since they have all access to the same
technology, the real marginal cost will be the same across the different firms:

mc; , =mc,.

In the second stage, intermediate good firms choose the price that maximizes
discounted real profits. As in Christoffel et al. (2008), firms charge different prices at
home and abroad, setting prices in producer currency. The choice of producer
currency pricing, is guided by the work of Antoniades (2012), who provides evidence

that Greek firms exhibit producer currency pricing.

In both markets, we assume that prices are sticky & la Calvo (1983). In

particular, each period t >0, the firm f can optimally reset its prices with a constant

probability 1—03 when it sells its differentiated product in the domestic market, and

with probability 16, when it sells its product abroad. Those firms that cannot

reoptimize partially index their prices to aggregate past inflation according to the

following price indexation schemes:
Pfd,t = Pfd,t—l(H?—l) d (47)

Pfx,t = Pfx,t—l (Htxfl)xx (48)
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where P/, denote the domestic price of good f and P, its foreign price, R‘,P*are
the aggregate domestic and export price indices (defined below), respectively and

=P /PR, II¥=R*/P,. The indexation parameters X, X, €[0,1] determine the
weights given to past inflation, where X,, X, =0 denotes no indexation and X;,X, =1

Is total indexation. Therefore, the price of a firm that has not been able to reoptimize

for 7 periods in the domestic market is P/, = PfdltH(H{Ls 1)x . Similarly, in the

s=1

foreign markets the price is Pf,,, = P{ H( s l)xx :
s=1
Each firm f that reoptimize its price in the domestic market in period t, knows
the probability 92 that the price it sets will still be in effect = periods ahead, and
chooses the optimal price P; ‘3 in order to maximize the discounted sum of expected

real profits (in terms of the consumer prices P), by taking aggregate domestic

demand, Y,°, and the aggregate price index in the domestic market, P, as given.

Thus, each firm f maximizes:

d TAL P . d *g Pfdt d d
maX E Z(ﬂe ) AtET Pt:;rr (Ht+s—l) Pd' - mct+r Yf,t+r (49)
t+r S= t+7
subject to
d - d *g Pfdt ) ‘g:r_l d
Yf T H (Ht+5—1) Pd’ Yt+r (50)
s=1 t+r

where mc! = P°mc, / P® is the average real marginal cost in terms of the domestic

price index and A} _/A[ is the ratio of the marginal utilities of consumption of

t+r

Ricardian households - that are the owners of the firms - according to which firms

value future profits.® Since all firms face the same marginal cost and take aggregate

variables as given, any firm that reoptimizes will set the same price, Pf‘: =P™. Thus,

the first-order condition of the above problem is:

® Note that in equilibrium the marginal utility of consumption is equal across all Ricardian households,
thatis, A, =Af.
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d

AR [ (L) YR | 4 A e[ m.,)" |pe
Et(ﬂed) ApF;T H ( lt—Idl) ? Ytir PHC—T H (lt—l—dl) Pd lut+z'mct+r _0 (51)
t | s= t

t+s t+r | s=1 t+s

According to the above expression firms set nominal prices so as to equate the

average future expected marginal revenues to average future expected marginal costs.

Note that in the case of fully flexible prices, 9;‘ =0, the above condition reduces to

the static relation, P™ = 4 P°mc,,, which states that the price is equal to a markup

t+7 !

over the nominal marginal cost. It is convenient to express Equation (51) in recursive

form. To this end, we define g and g/ :

P’ m)” | 4
g = umeY AL oo +(65 )E, (th) Ok (52)
t t+1

d
= TLYEAT T+ (0,

t

d \Xd - /4?1—1 .
(Ht ) IT, d
I H*d

t+1 t+1

gt+1 (53)

where IT," = P™ / P . In turn, Equation (51) is equivalent to:
S=g (54)

In addition, given the Calvo pricing, the aggregate domestic index evolves
according to:

R’ [(l o) (P )i + 61 (P, (Hfl)x")“‘*’j (55)

Similarly, the maximization problem of each firm f that reoptimize its price in

the foreign markets in period t, is:

t+r t+7

X 2 X P)<
mexE,33(0;) A‘: {E [H(Has_l) P —mca,jvzm} (56)

subject to
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L Xy P/ T X
fo,t :(H(H:ﬂl) %J ! Yt+r (57)

where mc = P'mc, / B* is the average real marginal cost in terms of the aggregate

export price index, B*. The associated first-order condition of this problem is:

X

_ _Mr
. X X *y T X . X X *y
Et (ﬂ@; )T //\\tZr H (Hlt_}il) R Y. Pt+r (HtJrS*l) Pt —— /utirmctir =0
t

s=1 t+s Ptx o Pt::—z' s=1 1_Itx+s Pt
(58)
Expressing (58) recursively, we get:
M
X; X Xy /X PX X HX x " N X;
¢ = M MCY, AtR ;c+ (ﬂep ) E, ( tx) t41 (59)
Pt 1_It+1
« 1_ lltx
. p* ()™ | “7
X2 _ TTXVXAR L 4 0" \E ’t( X 60
t t yt t Ptc (ﬁ p) t H;(+l Htfl t+1 ( )
tX1 = gtxz (61)
where IT* = P/ P*. The aggregate export price index evolves according to:
1 1\
| s s | @

2.3.3. Importing firms

There is a continuum of importing firms f" e[O,l], each of which imports a

single differentiated intermediate good, Y[ . Following Monacelli (2005), these

firms operate under monopolistic competition and are assumed to have a small degree

of pricing power. This creates a wedge between the price at which the importing firms
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buy the foreign differentiated goods in the world markets, S,P™, and the price at

m

which they sell these goods to domestic households, P

As in the case of intermediate good producers, importing firms face price
stickiness & la Calvo, with 1— 6" being the probability that a firm ™ can optimally

reset its price in the domestic market in any given period t>0. Importing firms that

cannot reoptimize, index their prices to past inflation according to the indexation rule:

pn =Pn  (In)" (63)

™t -1

where P, is the price of the imported good f™, P" is the aggregate import price

index (defined below), 1" =P™/P"

t-1?

and X, €[0,1] is the indexation parameter to

past inflation.

Accordingly, the maximization problem of each firm f™ that reoptimize its

price in period t, is:

e, 33(07) e 2 T () et v o
N AR R | L ) o e Ty
subject to
_ M,
m z m Xm an:"t ML m
Yfm,t: H(Ht+s—l) P_m Yt+r (65)
s=1 t+r

where mc" =S.P” /P" is the average real marginal cost. The associated first-order

condition for this problem is:

m

B G S
I'ﬂ_

. mo Vo) e | AL o mo o\ *m
Et(ﬂem)f AEH' H (H”Sl) Pt_ ym Pw H (H”S 1) Rm — " mc" |=0 (66)

PN | O R YRLIS| M P
We express (66) recursively as:
oA
Hm Xm ‘u1m71
M= amel YA o i -+ (507, (Hm) (67)

t+1



N pm (Ht )Xm -1 H*m
my — H m mAR t + Hm E _i m, 68
gt t y'[ t F)tc (IB p ) t H[Ill Ht_ﬂ t+1 ( )
gtm1 = gtm2 (69)

Where TT," =P ™ /P". Finally, the aggregate import price index evolves according

to:

m

) N
S {(1 or)(R™ )i + 6] (PJ“1 (ry,)" )l‘**m ] (70)

2.4. Foreign final good firms and foreign demand

There is a representative foreign final good firm that combines the purchases of

X

the differentiated exported goods, Y, produced by the domestic intermediate good

firms f, and transforms them into a homogeneous final good Y,* via the CES

technology:

1

X

Y = ( [o(vs, );* df jM (71)

where the time varying parameter ,* >1 is related to the elasticity of substitution
between the differentiated outputs supplied by the domestic intermediate good firms,

)7 /(utX —1)>1.

The foreign firm takes the prices of the exported differentiated goods P/, /S,
(expressed in terms of the foreign currency) as given, and chooses the optimal
amounts of differentiated inputs to minimize the total input costs, J':(Pfx,tl S, df
subject to (71). From the solution of the cost minimization problem we get the

demand function for each input Y/, :

/ltx

X Pfxt _Mx_l X
Yf,t: _ Yt (72)

PX

t
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where

1 1 =
<[ [(pi e 03

is the aggregate price index of the exported domestic intermediate goods and Y,* is

total foreign demand for domestic intermediate goods. The latter is assumed to be
given by an equation analogous in structure to the demand equations for the domestic

and imported intermediate goods:

A :[—Pt / ,Stj A (74)
R

where Ptx* is the price of foreign competitors in the export markets and Y, is a

measure of aggregate foreign demand.

2.5. Government

The government levies taxes on consumption, on income from labour and

capital earnings, lump-sum taxes, and issues one-period government bonds in the

domestic bond market, B?,, and the international markets, F° . Total tax revenues

t+1° t+1°

plus the issue of new government bonds are used to finance government purchases of

goods and services, G¢, government investment, G/, government transfers allocated
to optimizing and liquidity constrained households, G,", and total compensation of
public employees, W,°H? . Moreover, the government pays interest payments on past

domestic public debt, R, and foreign public debt, R. The within-period

government budget constraint written in per-capita terms is:

g g
—E;;;l + —St:;+l +7:CP +7) (WPHP +WH? )+ 7/ (FuKP + Div, ) +T, =
t t Pd Pd Bg S Fg (75)
=L G+ LG +G +W*HS +| R, +R" —!
PC PC PC PtC

t t t

29



We follow most of the literature (see e.g. Coenen et al. (2012)), by allowing
lump-sum taxes as share of GDP to react systematically to the public debt-to-GDP

ratio in order to ensure fiscal solvency:

P S S (76)

y vy GDP
Pt—lYt—l

C

where 7, = R are lump-sum taxes as share of GDP, s is the long-run value of
t PyY GDP

t Tt
the public debt-to-GDP ratio, ¢’ >0 and Y,°* is real GDP that is defined formally
later. Thus, the government has ten policy instruments,
oo, WO HS,GELG! LG, B, FY, out of which only nine can be exogenously set.
It is convenient to assume that B®, =v,D,,, and S,F% =(1-V,)D,,,, where 0<v, <1
is the share of total public debt held by domestic agents at the end of period t, and
D,,, =B2, + Sk}, is the end-of-period total public debt issued by the government.
Following usual practice, the policy instrument that adjusts to satisfy the period
budget constraint is total public debt, D,,,, while the other nine policy instruments,
oot WO HS,GEL GG v, are set exogenously by the government. The
processes of the exogenous policy instruments are specified below.

On the production side, following e.g. Forni et al. (2010) and Economides et al.

(2013), it is assumed that the government combines public spending on goods and
services, G, , and public employment, H?, to produce public goods Y,® by using the
following production function:
Yo =A(G) (zH) " (77)
where 0< y <1 is a technology parameter.

The law of motion of public capital in per-capita terms is:
KZ, =(1-0°)K? +G| (78)

t+1

where 6% e (O,l) is the depreciation rate of public capital stock and K; >0 is given.
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2.6. World capital markets and sovereign spreads

We introduce a sovereign risk channel through which sovereign default risk
influence economic activity by assuming that domestic households and the
government pay a risk-premium when they participate in the international markets. In
particular, following the approach e.g. in Schmitt-Grohe and Uribe (2003) and Forni
and Pissani (2013), the interest rate at which the home country borrows from the

international markets, R, is the sum of an exogenously given risk-free foreign

nominal interest rate, R, and a risk-premium term, v, :
R =R+, (79)

As in Christiano et al. (2010) and Garcia-Cicco et al. (2010), the risk-premium
term is a function of fundamentals of the domestic economy and exogenous risk-

premium shocks. We impose the following structure on the risk-premium term:
l/7t =Yt p VWi (80)

where 0< p, <1, and y; is the risk-premium component that has the following form:

D, = SF. -
v, =y’ [exp(ﬁ—dj—l}rwf{—exp[ﬁ—f]+1j+(exp(gf)—l) (81)
t 't t 't

where " >0 are parameters and d, f are the target values of the public debt-

to-GDP ratio and the net foreign private asset position-to-GDP ratio, respectively. The
first component in the right hand side of (81) reflects the risk of a sovereign default
and constitutes a sovereign risk channel through which sovereign default risk affects
the real economy, in line with the recent evidence provided in Corsetti et al. (2013). In
particular, the term includes changes in the total public debt-to-GDP ratio, where
increases in this ratio above a threshold level lead to a rise in spreads, consistent with
the recent empirical evidence (see e.g. Ardagna et al. (2008) and Roeger and in’t Veld

(2013)). The second term in (81) is introduced to ensure that foreign private assets are

a stationary variable.® Finally, & ~ i.i.d. N(0,0;) is a country premium shock that

induces stochastic shifts in the risk-premium that are uncorrelated with the

® Note that when households are borrowers (i.e. F,?, <0), there is a premium on the interest rate, while

when households are lenders (i.e. FP >0), there is a remuneration. This specification ensures that
foreign private assets are stationary; see Schmitt-Grohe and Uribe (2003) for details.
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fundamentals of the domestic economy. As discussed in Garcia-Cicco et al. (2010),
exogenous risk-premium shocks play an important role in explaining fluctuations in
the trade balance and the current account balance, and can be thought as coming from

financial imperfections in the domestic market.

2.7. Monetary policy regime

We model the domestic economy as being a member of a currency union in the

sense that the nominal exchange rate, S,, is exogenously set, and at the same time,

there is no monetary policy independence. In turn, we choose the domestic nominal

interest rate on government bonds, R,, to be endogenously determined by the risk-

free foreign nominal interest rate and the risk-premium component.

2.8. Aggregation, market clearing conditions and resource constraint

The model is closed by defining household and firm-specific variables in per-
capita terms, imposing market clearing conditions and deriving the evolution of the

economy’s net foreign assets.

2.8.1. Aggregation
The aggregate quantity, expressed in per-capita terms, of any household specific
variable X,,, is given by X, = J':thtdh =(1- ) X;, + AX, . Note that in equilibrium

all optimizing households make identical decisions. The same holds and for the non-

Ricardian households. Thus, we can drop the household specific indexes i, j . Hence,

per-capita private consumption is given by
CP=(1-2)CPR+aCP™ (82)

where we have replaced the indexes i, j with the superscripts R and NR,

respectively.

19 This can be seen by combining the log-linearized versions of Equations (A2) and (A3) (see Appendix
A). See Philippopoulos et al. (2013) and the references therein for a discussion on this issue.
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Since only optimizing households have access to the capital, bond, dividend and
international markets, the per-capita quantities for private capital, private investment,

domestic government bonds, foreign private assets and profits are respectively:

KP =(1-2)K?, (83)
I, =(1-2)1;, (84)
B, =(1-1)B, (85)
FP=(1-2)F? (86)
Div, = (1- 1) Div,, (87)

Per-capita government transfers are:
G'= (1 —2) G+ AG ™" (88)

where total transfers are allocated between liquidity constrained and optimizing

households according to the following rules: G =2G{" and G/ =(1-7)G,

with 0< 2 <1.

2.8.2. Market clearing conditions
Market clearing in the labour market

For the labour market to clear, total labour supply needs to equal the amount of

labour employed by the private and public sectors:

oM
AR
W“;J”‘ HPdh+HS =HP +HS  (89)
t

= o= [ [igen- [

where H, is total labour supply.™

** In deriving (89) we have used the fact that in a symmetric equilibrium, W,", /W,” =1.
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Market clearing in the capital market

Market clearing for capital services implies that the supply of utilized private
capital stock from households satisfies the demand for private capital services by

intermediate good firms:

1 P P 1
u [ Kpdh=uK? = [ K, df (90)

Market clearing in the intermediate goods sector

The supply of each differentiated good f needs to meet domestic and foreign

demand:
Yf L de,t + fo,t (91)

Aggregating over the continuum of intermediate good firms we get the

aggregate resource constraint:

J7
d \ d_, X\ x
ot _ (tyd L x _1Pf,t At 1 Pro) A2,
Yo= [ Y = [ Y+ e =] (?) Yidf + | (? Y *df
or
Y, =ulY Uy (92)
Pre) 4 Pr) wL
where u! :I:[#] df and u)= Iol( PfX’tJ df measure the degree of price
t

dispersion across the differentiated goods that are sold in the domestic and foreign

markets, respectively. The two measures of price dispersion evolve according to:

_ lltd
d d \Xd -1
o =a-op) ) Fiver | Ul e
t
X x \Xd - X_l
o)y g Tl o
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where IT;* = R™ /R’, TI* = R™/R*, I} =R /RY, and IT} = R*/RY,.

Also, by making use of the market clearing conditions in the labour and capital

markets, the production function written in per-capita terms is:

Y, = A(uk?) (zH?) T (KE)* ~zo (95)

Market clearing in the market of imported intermediate goods

The supply of each differentiated importing good f™ needs to meet domestic

demand:

A
m

I m m 1 met - m ¢ m my, m
M, =[ Y5 dfm =] = Y,"df ™ =umy, (96)

m
t

m

PT | “2
where Y,"=C"+1" is total demand for imports and u{“:ﬂ[%} df "
t

measures the degree of price dispersion across the differentiated imported goods f"

that evolves according to:

oy A g ()]
u =(1-07) (L") wa+oy | ——1|  u 97)

where TI," =P™ /P" and TI"' =RP" / P"}.

Market clearing in the final goods markets

Market clearing in the final goods markets implies:

CS=C/ (98)
I =1P (99)
G¥=GC' =G’ (100)
G =Gl =G| (101)
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Note that by combining the market clearing conditions in the intermediate goods
and the final goods sectors, we obtain the following interpretation for the nominal
private output that determines the implicit price index of domestic production (i.e. the
GDP deflator), P’:

RY, = PtdYtd +RY/ (102)

where Y =C! + 1! +G/ +G| is total domestic demand for domestically produced

goods.

Definition of Gross Domestic Product

Consistent with national accounts statistics, we define the domestic country’s
GDP as the sum of private sector production, Y,, and the gross government wage bill,
W, H?, following the approach in Forni et al. (2010) and Stahler and Thomas (2012).

Thus, real per-capital GDP is defined as:

A +%W§H§ (103)

t

Market clearing in the dividend market

Real profits of the intermediate good f , expressed in terms of the price of the

final consumption good P, can be written as:

Pd X
- = ,d =X fit d fit X
Dlvf't = Dlvfyt + Dlvfyt :_PC nyt +—PC Yf't —mctYf‘t
t t

Aggregating over the continuum of intermediate good producers, and using the

corresponding demand functions for the intermediate good f , and the definition of

nominal private output, we get the real per-capita profits of the intermediate goods

sector:

y
Div, =j01Divf,tdf :%Yt —me, (Y, +2/®) (104)
t
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Real profits of the importing firm f™(in terms of the price of the final
consumption good, P°), are written as:

DiV :Pt_m anjt YI‘T'I _ th>ty Y
£t Ptc Ptm fit pm £t

t

SP” s IT;)
where g~ = tPty =001y
t Ht

, Is the real effective exchange rate, B is the implicit

price deflator in the foreign country and T, =P / P}, T1) = P’ / P’,. Aggregating
over the continuum of importing firms we obtain the real per-capita profits of

importing firms:

M Pm m q Py myy/ m
Div," = F;C (Yt —ﬁut Y, J (105)

t
Total profits are:

Div, = Div, + Div" (106)

Evolution of net private foreign assets

The evolution of the net foreign private assets is derived from the optimizing
households’ budget constraint, after imposing the budget constraint of the liquidity
constrained households, the government budget constraint, the definition of profits of
intermediate goods producers and importing firms, and by making use of the zero

profit conditions of the final good firms:

p p g g X y
St o gy Sy S gy 3Ly By g gy (107)
z R

2.9. Decentralized competitive equilibrium

We solve for a decentralized competitive equilibrium (DCE) in which: (i)

Ricardian households maximize welfare; (ii) a fraction 1—49;,j and 1-6; of

intermediate good firms maximize profits in the domestic and foreign markets,

respectively, a fraction 1—9;“ of importing firms maximize profits in the domestic
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market, and the rest of the firms set their prices according to the respective indexation
schemes (47), (48) and (63); (iii) final good firms maximize profits; (iv) all

constraints are satisfied; and (v) all markets clear.

Note that all real variables, with the exception for hours worked, in a balance

1-a
1-a-a,

growth path, grow by the factor z; =z,

. To solve for a DCE we have to make all
the relevant real variables stationary by scaling them with z'. Thus, for any per-
capita variable X,, we define its stationary level with a lowercase letter as

x, = X, / z; . Note that the endogenous state variables that are predetermined in period

t, as e.g. the private capital stock, are scaled with z’ , that is, kP =K"/z,. In

addition, we divide all price indices with the price index of the consumption good in

order to make them stationary. For instance, the relative price of domestically

produced and sold goods is defined as p! =P"/P°. Note that foreign GDP is
assumed to grow at the same rate as the domestic economy, z', while the price of
foreign competitors in the export markets, Ptx*, is stationarized by dividing it with the

foreign GDP deflator P”". The stationary DCE is analytically presented in Appendix
A.

2.10. The world economy

We assume that the home country is of negligible size relative to the rest of the
world and developments in the domestic economy do not have any impact on foreign
(i.e. the rest of the world) variables. Following Adolfson et al. (2007) and Cristiano et
al. (2010), the foreign economy is modeled as a structural vector autoregressive model
(SVAR):

F X =F (L)X, +&" (108)

where X; =[Iny;,IT;,R’,Inp;' ] and &* ~ N(0,2,.).
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2.11. Stochastic environment

We now summarize the exogenous stochastic processes of the exogenous
variables. The model features twenty two exogenous disturbances, out of which four

are related to the foreign variables. In particular, nine shocks arise from the stochastic

fiscal policy instruments, (z7,7!,7,w¢,h¢,9¢,91,9/,v,), three from technology
(A'yz,t’ntl)’ and four from the markups in the labour and product markets
(/th,ytd,ytx,ytm). There is also a risk premium shock, &7, and a shock to the growth

rate of the nominal exchange rate, s,. It is assumed that {,7},z, 95,9/, 9",
we he ALy, a1 follow  independent  first-order  autoregressive

(AR(1)) stochastic processes of the form:

InF, =(1-pc)InF +p.InF +& (109)

where F =g97,0;, 0 W, 70,7, 7 0 ALy, omt i a1, 1" denotes the respective
exogenous variables and & ~ i.i.d. N (0,0 ). The share of domestically held public
debt, v,, and the risk premium shock, &7, follow an AR(1) process in levels. Finally,

the growth rate of the nominal exchange rate, s,, is assumed to follow a white noise

process.

3. Calibration and long-run solution

The model is calibrated for the Greek economy at a quarterly frequency. The
data source is Eurostat, unless otherwise stated. The data set comprises quarterly data
and covers the period 2000:1-2011:4.* We compute quarterly effective tax rates on
consumption, labour income and capital income based on the methodology of
Mendoza et al. (1994). Series for the two capital stocks are constructed following the
approach in Conesa et al. (2007). We also construct a measure of the real effective
exchange rate using data on the nominal effective exchange rate, the domestic and the

foreign GDP deflator. Details about the data used are in Appendix B.

12 \We focus on the period during which Greece is part of the euro area. Greece joined the euro area in 1
January 2001. We start our sample period in 2000, when Greece qualified to join the euro area by
assuming that agents anticipated that the entry in the euro area will occur. Another reason to start our
sample in 2000 is that quarterly non-interpolated data are available only since 2000.
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3.1. Calibration

Our calibration strategy involves assigning values for the structural parameters
according to the following criteria: (i) to match key first moments of the data; (ii) to
reproduce certain second moments of the data; (iii) based on a priori information; and
(iv) based on econometric estimation. Table 1 reports the calibrated parameters and

the average values of the fiscal policy variables in the data.

As in most studies, the inverse of the Frisch elasticity of labour supply, 7, is set
equal to 1. Following the study of Fiorito and Kollintzas (2004), the preference
parameter, &, which measures the degree of substitutability/complementarity
between private and public goods in consumption, is set equal to 0.05. The preference
parameter «, is calibrated for a given total labour allocation equal to 21.9% of time.
The habit persistence parameter, &¢, is set equal to 0.60, which is in the midpoint of
the values reported in Smets and Wouters (2003) and Forni et al. (2009) for the euro
area. We set the fraction of liquidity constrained households equal to the fraction of
firms that do not have access to bank loans.*® This gives a value for A4 equal to 0.35,
which is broadly in line with the values reported in previous studies (see e.g. Forni et
al. (2009) and Coenen et al. (2012)).

The level of long-run aggregate productivity, A , is set equal to one since it is a
scale parameter, which affects only the scale of the economy; see King and Rebelo
(1999). We also normalize the long-run value of the investment-specific technology,
n' to unity. The gross growth rate of technological process, y, , is calibrated from the

1-a

1—a—ag
t

equation y . =y, , Where y . =z /2 is the gross growth rate of real per-
capita GDP. We set y . equal to 1.003, which is the average gross growth rate of real

per-capita GDP found in the data, and we solve the previous equation for 7, .

We set the gross inflation rates of the final private consumption good, I1°, and

the foreign implicit price deflator, TT1'", equal to one, and we normalize the relative

3 Our measure of the firms that do not have access to bank loans, corresponds to the number of firms
that applied for a bank loan that was rejected plus the number of firms that did not apply for a bank
loan because of possible rejection. The data source is European Central Bank, Statistical Data
Warehouse and covers the period 2009-2011.
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price of imported goods, p™ to unity. This implies that I1Y =T1° =IT* =11" =1,
p’=1, p'=1and s=1. Inturn, the discount factor, A, is calibratedas S =y /R,

assuming a quarterly foreign nominal interest rate equal to 1.075% (4.3% annually).

The average value of the physical depreciation rate in the private sector, 5°, and
the elasticity of marginal depreciation costs, ¢, are jointly calibrated by constructing
series for the private capital stock consistent with the model’s assumption that the
depreciation rate varies with capacity utilization (see Appendix B for details). The
calibrated values of §° and ¢ are found to be 0.0172 (0.0688 annually) and 1.625,

respectively. Similarly, we calibrate the depreciation rate in the public sector, ¢, by
constructing series for the public capital stock. This yields 6° =0.0107 (0.0428
annually). The steady-state value of capital utilization is normalized to unity, as is
usual the case in similar studies (see e.g. Adolfson et al. (2007)). The exponent of

public capital in the production function, a,, is set at 0.0316, which is the average

public investment-to-GDP ratio in the data (see also Baxter and King (1993)). The
capital share in output, a, is calibrated to match the average value of the private
investment-to-GDP ratio found in the data. This yields a =0.3677, similar to the

findings in Papageorgiou (2012). The value of the adjustment cost parameter in
private capital, &, is chosen so as to pin down as close as possible the volatility of

private investment found in data. The fixed cost parameter in production, ®, is
chosen to ensure zero profits in the steady state so as to rule out the entry and exit of

intermediate good producers.

The calibration of the steady-state markup on private sector wages, ", is based

on observed wage differentials across Greek industries, as reported in Du Caju et al.
(2010) and Nicolitsas (2011). In particular, following the approach in Bayoumi et al.
(2004), we compare wages in sectors that face high competition from abroad, and in
which labour unions are assumed to have little bargaining power, to the average wage

in the economy as a whole. The results imply a wage markup equal to 15%. To

¥ The sectors we consider are textiles, clothing and leather. The average wage differential observed in
these sectors vis-a-vis the average wage in the whole economy is around 9% for the years 2002 and
2006. Similar results for Greece are also reported in Jean and Nicoletti (2002). As in Bayoumi et al.
(2004), this number is scaled by a factor of 0.06 in order to correct for the degree of the regulatory
impediments in the product market and the level of public ownership that have been found to affect the
level of wage markups.
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calibrate steady-state price markups, we first calculate the net profit margin for the
whole economy, defined as the net operating surplus as share of GDP.™ The markup
Is then calculated as NPM, /(1— NPM,), where NPM, denotes the net profit margin.
The average price markup for the economy level is found to be 38%, in line with the
results reported in Papageorgiou and Kazanas (2013), who use a different approach to
compute markups. As in Coenen et al. (2008), we assume that the markup is the same

in the importing sector, " = u'. We consider the exporting sector as the most

competitive sector, and we set the price markup equal to #* =1.1 in order to match as

close as possible the exports share in GDP found in data.

We set the Calvo parameter in the domestic market, 8¢, equal to 0.7059, based

on the study of Druant et al. (2009), who report that firms in Greece adjust their prices

every 3.4 quarters. We choose the same value for the Calvo parameter of the
importing firms, 0;". The degree of price stickiness in the foreign markets, 8., is set

at 0.697. This means that firms adjust prices about every 3.3 quarters, which is the
average duration of price adjustment for euro area firms (see Druant et al. (2009)).
The indexation parameters of the intermediate good firms, X,,X,,X,,, are set equal to
0.26, which roughly corresponds to the fraction of firms in Greece that consider past
inflation when adjusting prices or wages (see Druant et al. (2009) and Nikolitsas

(2013)).

The risk-premium coefficient on public debt, w*, is set equal to 0.04 on annual
basis. This means that a one percentage point increase in the debt-to-GDP ratio leads
to an increase in risk-premia by 4 basis point, which is within the range of recent
empirical estimates.'® We choose a value for the risk-premium coefficient on net
private foreign assets, w', so that to guarantee that the equilibrium solution is
stationary (see e.g. Schmitt-Grohe and Uribe (2003)). The target level for the debt-to-
GDP ratio, d , is set equal to 4 (100% annually), which corresponds to the average

value of the public debt-to-GDP ratio during the pre-sovereign debt crisis period

!> The net operating surplus is derived as the gross operating surplus and mixed income of the total
economy minus consumption of fixed capital. In addition, we subtract an imputed wage of the self-
employed. The latter is computed as the average wage rate per employee multiplied with the number of
the self-employed (see Appendix B for details).

10 See e.g. Ardagna et al. (2008), Alper and Forni (2011), Poghosyan (2012).
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2000-2009. This value is broadly in line with the threshold levels found in many
empirical studies above which public debt has a negative effect on the

macroeconomy.*’

The home bias parameters, @,,w,, are respectively set in order to match the
ratios of imported consumption and investment goods to total imported goods in the
data. The elasticities of substitution between imported and domestically produced

consumption and investment goods, &, ¢, as well as the elasticity of exports, ¢,, are

estimated via OLS from the log-linear versions of equations (A34), (A37) and (74),
respectively.’® The estimated values are &, =3.351, & =6.352 and &, =1.4630,

broadly in line with previous estimates reported in similar studies (see e.g. Adolfson
et al. (2007) and Burriel et al. (2010)). Similarly, we obtain the wage persistent
parameter, N, via OLS estimation of the log-linear version of Equation (15).* The
estimated value is 0.6491, which implies a rather moderate level of real wage
rigidities in the private sector, and appears to be in line with previous estimates in
similar studies (see Malley et al. (2009) for EU countries and Kliem and Uhlig (2013)
for the US economy).

Regarding fiscal policy instruments, the long-run values of public spending on
goods and services and public investment as shares of output are respectively set
equal to 0.0638 and 0.0316, which are the average values in the data. The average

values of the constructed quarterly effective tax rates on consumption, labour income

and capital income are found to be z{ =0.18, 7, =0.30 and 7' = 0.20 . Hours worked
in the public sector, h?, and the share of domestic public debt to total public debt, v,,

are set equal to their data averages. The average wage rate in the public sector, w?, is

set so that the wage premium of the public-to-private sector wages to be 30%, in line

17 See Rainhart and Rogoff (2009), Kumar and Woo (2010) and Baum et al. (2012).

8 In estimating Equations (A34) and (A37), we use as a proxy for the price of the domestically
produced and sold goods data on the producer price in industry in the domestic market. Similarly, as a
proxy for the price of imported goods we use data on the import price index in industry. For the
estimation of Equation (74), we use as proxy for the price of competitors in foreign markets data on the
average export price index of the EU-28 countries. As a proxy for foreign demand we use average real
GDP of the EU-28 countries. All variables were quadratically detrended to obtain their stationary
components that more closely correspond to the model’s stationary variables.

19 We use data on compensation per hours worked in the private sector for the dependent variable. As a
proxy for the optimal wage rate, w;, we use labour productivity in the private sector, defined as the

ratio between real per-capita output (excluding government wages) and per-capita hours worked in the
private sector.
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with recent empirical evidence (see e.g. De Castro et al. (2013) and Giordano et al.
(2011)). The productivity of public spending on goods and services in the public

sector’s production function, y, is calibrated at 0.3547, which is the data average
value of public spending on goods and services as a share of total government
consumption expenditures. We set the share of government transfers that is allocated
to liquidity constrained households, 1, equal to 0.5, which means that government
transfers are equally split between Ricardian and non-Ricardian households. The

feedback coefficient of lump-sum taxes on the debt ratio, ¢, , is set to 0.20 to ensure

stability of public debt.

The persistence parameters and the standard deviations of the exogenous
variables, z{,7/,75,9°,9;,0",w?,he,v,, A ,;', were estimated via OLS from their
respective stochastic processes.”® Note that, in line with the model’s assumptions, we

compute utilization-adjusted series for the total factor productivity, A, as a residual
from the production function, given the calibrated parameters for a and a;. The

resulting series are H-P filtered and then we fit the AR(1) model on the cyclical

component of A, to obtain the persistence and the standard deviation of the

utilization-adjusted Solow residual. We set the persistence and volatility of the wage
markup shock in order to replicate the volatility and the persistence of private sector
real wages found in data. We set the persistence and volatility of the price markup
shocks equal to the persistence and volatility of the residual obtained from fitting an
AR(1) model on the constructed series for the price markup of the whole economy.

The persistence and the standard deviation of the risk premium shock & is set so that

to pin down as close as possible the persistence and volatility of the current account

balance-to-GDP ratio. In a similar manner, we set the persistence of the shock to the
gross growth rate of technological process, y,, equal to the first-order autocorrelation
coefficient of the gross growth rate of real per-capita GDP, and we choose the

standard deviation of the shock so that the model to replicate the variance of actual

real GDP. We set the standard deviation of the shock in the growth rate of the nominal

% The time series on z¢,z!,z5,9¢, 9!, 9", w?,h?,v,,7' were quadratically detrended to obtain their
stationary components that more closely correspond to the model’s stationary variables. We use as a
measure for the investment-specific technology, #,, the inverse of the ratio of the private investment

deflator to the deflator of private consumption expenditures (see also Greenwood et al. (2010)).

44



exchange rate, s,, equal to the standard deviation of the respective series in the data.?
Finally, the SVAR system is estimated with OLS and the indentifying scheme is
based on a Choleski orthogonalization of the shocks.??

[Table 1 about here]

3.2. Long-run solution

Table 2 reports the model’s long-run solution. In this solution, we exogenously
set the long-run level of the debt-to-GDP ratio equal to the target level d . Given the

calibrated value of the discount factor, it follows that the long-run value of the net

private foreign asset position is pinned down by the parameter f, and that the

interest rate premium is nil. As is common in similar studies, the parameter f is set

equal to zero, which implies a zero net foreign asset position for the private sector.
One of the remaining fiscal policy instruments should be residually determined to
satisfy the long-run government budget constraint. We choose government transfers
as share of GDP to play that role. Notice that, in order to satisfy the government
budget constraint, the share of transfers has to fall below its value in the data (from
0.1936 to 0.1428).

[Table 2 about here]
3.3. Linearization and approximate solution

Equations (A1)-(A68), which describe the Decentralized Competitive
Equilibrium (DCE) of the model economy, are linearized around the logarithms of

steady state. Variables in the log-linearized system are expressed as percentage

deviations from the respective steady state values, X, =Inx, —Inx, where X is the
steady-state value of X The final system is solved using the generalized Schur

decomposition method proposed by Klein (2000).

2! We use data on the nominal effective exchange rate vis-a-vis 37 trading partners.

22 The ordering of the variables is Iny;,IT;,R",In p* . In estimating the SVAR we also add a constant,

a linear and a quadratic trend. As proxies for the rest of the world variables we use EU-28 averages,
with the exception of the foreign interest rate that corresponds to the euro area (17 countries) average
interest rate on ten-year government bonds.
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4. Model properties

In this Section we investigate the dynamic properties of the model by: (i)
inspecting the sample moments produced by the model; (ii) reporting the impulse
response functions to the stochastic shocks and analyzing the main transmission
channels through which the shocks influence the macroeconomy; and (iii) performing

variance decomposition analysis.

4.1. Descriptive power of the model economy

The descriptive power of the model is evaluated by comparing the second
moment properties generated by the model to those in the actual Greek data over the
period 2000:1-2011:4. Table 3 summarizes results for standard deviations (relative to
GDP), first-order autocorrelations and cross-correlations with GDP. This is done both
for the actual and the simulated series.?®

[Table 3 about here]

As Table 3 reveals, the model does quite well in predicting the variability of
most variables. On the one hand, the model is able to reproduce the high volatility of
private consumption, while it matches well the volatilities of hours worked, the real
effective exchange rate and the CPI inflation rate. The volatilities of the private and
public capital stocks are also well captured. On the other hand, the model
underpredicts the volatility of exports and, to a lesser extent, the volatilities of imports
and the trade balance-to-GDP ratio. Finally, the model correctly predicts that the
current account balance-to-GDP ratio fluctuates more than the trade balance-to-GDP

ratio.

As regards persistence properties, the model produces satisfactory results for
most of the macroeconomic variables. In addition, the model does well in reproducing
the cross-correlations of the various variables with GDP in terms of signs and, to

some extent magnitude.

% The model has been simulated 1000 times, with each simulation being 148 periods long, where the
first 100 observations has been discarded to ensure that the simulated series start from an ergodic
distribution. To get the business cycle behavior of the series, both the actual and simulated data were
logged and then filtered by using the Hodrick-Prescott filter with a smoothing parameter of 1600. The
trade balance-to-GDP ratio and the current account balance-to-GDP ratio are H-P filtered in levels. The
moments summarizing the cyclical behavior are computed from the filtered data and averaged across
the 1000 simulations.
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Overall, the above findings suggest that the model does quite well in explaining
the key stylized facts of the Greek business cycle over the sample period.

4.2. Impulse response analysis

In this Section we investigate the dynamic properties of the model by reporting
the impulse response functions to a number of stochastic shocks and analyzing the
main transmission channels through which the shocks influence the macroeconomy.
To save on space, we focus our attention to shocks in fiscal policy instruments,
technology shocks, as well as shocks to the price and wage markups. Impulse
responses for the rest exogenous variables are presented in Appendix C.

The series plotted are percentage deviations from the steady-state. Exceptions
are the trade balance as share of GDP, the current account balance as share of GDP
and the primary deficit as share of GDP, which are reported as percentage point
changes. The real interest rate and the inflations rates are in annualized percentage

point deviations.

4.2.1. Effects of shocks to government spending instruments

We first discuss the dynamic effects of transitory shocks to government
spending instruments. We focus on shocks to government purchases of goods and

services, g7, government investment, g;, public sector wages, w?, and public sector
employment, h? .* The magnitude of the shocks to government purchases of goods

and services and government investment is set in order to have a decrease in the
respective components of public spending at time t=0 equal to 1% of steady-state
GDP (i.e. including the government wage bill). The shock in the public wage rate is
set in order to have a decrease in the total public wage bill equal to 1% of steady-state
GDP. Similarly, we choose the shock in public sector employment in order to achieve

a decrease in the total public wage bill equal to 1% of initial GDP.

* Impulse responses for the share of domestic to total public debt, v, and government transfers, g,",
are shown in the Appendix C.
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Figure 1 depicts the dynamic responses of some major macroeconomic variables
to a temporary shock in government purchases of goods and services equal to a 1%

decrease in steady-state GDP.
[Figures 1-4 about here]

The reduction in government purchases produces a positive wealth effect that
induces optimizing households to increase current consumption and decrease labour
supply in the private sector.?® At the same time, the fall in aggregate demand leads
firms to reduce their demand for labour and capital services. The demand side effect
on labour is found to be strong, leading to a decrease in private sector real wages and
employment. In turn, the lower labour costs, combined with the reduction in the rental
rate on capital, result in a decrease in real marginal costs that allows firms to reduce
domestic prices, thereby generating deflationary pressures. In contrast to the
optimizing households, liquidity constrained households reduce consumption demand
due to the fall in their disposable income. As can be seen from Figure 1, the net effect
on total private consumption is negative on impact. This is explained by the presence
of liquidity constrained households that partly offset the positive wealth effect of
optimizing households, as well as the open economy set-up that allows optimizing
households to smooth consumption more effectively than when the economy is
closed. This is achieved by reducing the holdings of foreign assets, thereby
dampening the response of private consumption in the short run. Nevertheless, the fall
in total consumption is short-lived and its dynamic response in the following periods

of transition is denominated by the behaviour of optimizing households.

In addition, the increase in the real interest rate along with the decline in the
return to capital generate a fall in the price of capital and thus on private investment
that further dampens aggregate demand in the short run.?® Nevertheless, private
investment increases in the subsequent periods of transition. As regards the variables
related to the external sector, the reduction in domestic prices produces a rise in the

25 Optimizing households feel wealthier because the fiscal contraction increases the social resources
that are available to the private sector, raising their permanent income.

%% The rise in the real interest rate results from the fact that there is no monetary policy independence.
More specifically, the increase in the public debt-to-GDP ratio due to the adverse effects of the fiscal
contraction on GDP along with the decline in private foreign assets, increase risk-premia and hence the
nominal domestic interest rate that, in turn, discourages investment. In contrast, under an independent
monetary authority that follows a Taylor-type rule, the real interest rate typically decreases after a
reduction in government purchases, thereby encouraging investment (see for example Forni et al.
(2009) and Pappa (2009)).
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real exchange rate in the short run, that is, a real depreciation that signals an
improvement in the country’s competitiveness. The drop in export prices along with a
rise in import prices that is driven by the higher real effective exchange rate, induce
an increase in the terms of trade, which means that domestically produced goods are
relatively cheaper than imported goods. This in turn boosts exports and dampens
imports, leading to an improvement in the trade balance and the current account
balance, in line with the results obtained in Erceg et al. (2005) for the US economy.
Eventually, the decrease in aggregate demand leads to a fall in real private output. The
estimated impact multiplier is found to be 1.01. The corresponding impact multiplier
of real GDP, which is defined as the sum of private production and total compensation

of public employees, is 0.92.

Figure 2 shows the dynamic responses to a government shock in public
investment equal to a 1% decrease in steady-state GDP. The main channels at work
are the same as in the case of a decrease in public consumption, but now there are also
supply-side effects, as a lower stock of public infrastructure leads to lower marginal
products of private inputs. As a result, the adverse effects on aggregate demand and
thus on private output and real GDP are stronger and more persistent than when
government purchases on goods and services decrease. Nevertheless, the qualitative
results are found to be very similar. The impact multiplier for private output and real

GDP are estimated at 1.11 and 0.93 respectively.

Figure 3 summarizes the dynamic responses to a shock in the average wage rate
of the public sector. Recall that the shock is set in order to have a decrease in the total
public wage bill equal to 1% of initial GDP. Cutting public sector wages reduces the
disposable income of liquidity constrained households and leads to a reduction in their
consumption purchases, which in turn puts downward pressure on private sector
wages. Eventually, private sector wages decrease, leading to a fall in labour costs that
allows firms to increase the demand for labour. Regarding the behavior of optimizing
households, as the impulses show, the decrease in real wages leads them to decrease
consumption expenditures on impact, while at the same time the fall in the return to
capital forces them to use capital less intensively. Nevertheless, private consumption
of optimizing households starts increasing after the second quarter onwards.

Moreover, the lower labour costs exert a downward pressure on domestic prices that
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Is translated to a drop in domestic inflation and an improvement in the terms of trade
that triggers a rise in exports.

The decrease in aggregate demand, which is mainly driven by the lower demand
for goods by liquidity constrained households, results in a small, albeit negligible
reduction in private output on impact period by about 0.09%, much lower than in the
case of a fiscal contraction in the form of lower public consumption or public
investment. The fall in private output is, however, only temporary since private output
starts increasing after the second quarter onwards in order to meet the higher foreign
demand. Thus, reductions in public wages can be beneficial in stimulating private
production and improving external imbalances through its impact on private sector
wages. The positive relationship between public and private sector wages implied by
the model is consistent with the recent empirical findings of Fernandez-de-Cordoba et
al. (2012) and Lamo et al. (2012). On the other hand, real GDP decreases on impact
by around 1%. We should note, however, that this effect on real GDP is due to our
definition of GDP, namely the sum of private production and public sector wages.
Similar results regarding the impact of cuts in public sector wages can also be found
in Stahler and Thomas (2012).

Figure 4 illustrates the dynamic effects of a shock in public sector employment.
The shock is set in order to achieve a decrease in the total public wage bill equal to
1% of steady state real GDP. The shock to public employment lowers total labour
demand and leads to a reduction in both labour income and total employment,
whereas it increases the available labour supply for private production. At the same
time, it affects the intratemporal choices of optimizing households, leading them to
increase consumption purchases, as well as labour supply in the private sector. On the
other hand, liquidity constrained households experience a loss in their disposable
income that forces them to reduce consumption demand, yielding a decrease in
aggregate consumption. Eventually, the lower public employment results in a
reduction in private sector wage claims and hence labour costs, allowing firms to
increase their demand for labour and reduce domestic prices. In turn, the fall in
domestic prices gives rise to an improvement in the terms of trade that triggers an
expansion in foreign demand for domestic goods. In contrast to the case of a reduction
in public sector wages, private investment increases due to the rise in the price of

capital. Overall, the increase in exports and private investment outweighs the negative
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impact of the lower consumption expenditures on aggregate demand, and results to an
increase in private output. By contrast, real GDP decreases by around 1% on impact.

As already explained, this is due to the reduction in the total wage bill.

4.2.2. Effects of shocks to tax policy instruments

Figures 5-7 show the dynamic effects of transitory shocks to the tax rates on
consumption, labour income and capital income. The shocks to different tax
instruments are set so as to achieve an increase in the different categories of tax

revenues by 1% of initial GDP.
[Figures 5-7 about here]

Figure 5 depicts the dynamic responses to a shock in the tax rate on labour
income that increases labour tax revenues by 1% of initial GDP. The increase in the
labour income tax rate causes a negative wealth effect that induces optimizing
households to reduce current consumption and increase labour supply. But, at the
same time, the higher tax rate reduces the after-tax wage inducing an intratemporal
substitution effect that leads optimizing households to reduce current labour supply
and consumption. As regards liquidity constrained households, the decrease in the
after-tax labour income forces them to reduce consumption demand. Consequently,
since both types of households reduce their consumption purchases, total consumption
decreases. It is worth noting that real wages in the private sector decrease on impact.
This is explained by the lower demand for labour, as well as the sizable reduction of
consumption of liquidity constrained households that exerts a downward pressure on
wages. Nevertheless, the intratemporal substitution effect dominates the wealth effect
in the subsequent periods of transition, leading to a reduction in labour supply that
triggers an increase in private sector wages. The latter effect raises real marginal costs
and forces firms to substitute labour with capital services and increase domestic

prices.

Regarding the impact of the higher labour tax rate on the variables related to the
external sector, we observe a deterioration in the terms of trade triggered by the rise in
export prices and the fall in import prices. While the loss in competitiveness causes a
sizable reduction in the demand for exports, the lower demand for consumption

dampens imports and induces an improvement in the trade balance. Eventually, the
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lower aggregate demand gives rise to a decrease in private production and real GDP.
The impact multipliers are respectively 0.30 and 0.26, broadly in line with previous
findings in similar studies (see e.g. Coenen et al. (2012) and Forni et al. (2009)).

Figure 6 illustrates the dynamic responses to a shock in the tax rate on
consumption. There is again a negative wealth effect, as well as an intratemporal
substitution effect that leads optimizing households to decrease current consumption.
The consumption demand of liquidity constrained households also decreases due to
the fall in the disposable income, leading to a sizable reduction in aggregate
consumption. In contrast to the case of an increase in labour taxes, the higher
consumption tax rate results in a rise in the price of capital and hence private
investment. In addition, we observe an increase in the real exchange rate (that is, a
real depreciation), that improves the terms of trade and boosts exports. The rise in
exports, in combination with the fall in imports, causes an improvement in the trade
balance and the current account balance in the short run. Despite the rise in the
demand for exports and investment, both private output and real GDP fall on impact
by 0.36% and 0.30%, respectively.

Figure 7 summarizes the dynamic responses to a shock in the tax rate on capital
income. An increase in the capital income tax rate has a negative wealth effect that
induces optimizing households to decrease current consumption and increase labour
supply. At the same time, the fall in the after-tax return to capital along with the
decrease in capital utilization reduce private investment and capital over time. The
reduction in the supply of capital services, in combination with the higher rental rate
of capital, lead firms to substitute away from capital services to labour services. The
increase in labour demand exerts an upward pressure on private sector wages in the
short run that results in a transient increase in the disposable income of the liquidity
constrained households, which in turn, puts a downward pressure in labour supply and
enhances the increase in real wages in the short run. Higher labour costs along with
higher costs of renting capital services, lead firms to increase domestic prices, which
in turn generates inflationary pressures and reduces the real effective exchange rate
and the terms of trade. Consequently, domestic products become less competitive and
this dampens the demand for exports. Overall, the lower aggregate demand results to a
decrease in private production and real GDP on impact period by about 0.28% and

0.23%, respectively. It is interesting to note that private output and real GDP continue
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decreasing in the subsequent periods of transition due to the adverse effects of the

capital tax rate on private investment.

4.2.3. Effects of technology shocks

Figures 8-10 depict the dynamic responses to a temporary one standard
deviation increase in the innovations of total factor productivity, investment-specific

technology and labour augmenting productivity growth, respectively.
[Figures 8-10 about here]

A positive shock in total factor productivity increases the marginal productivity
of private inputs and decreases real marginal costs, allowing firms to reduce the prices
of domestically produced goods. Because prices are sticky, aggregate demand
responds only sluggishly to the increase in output supply and firms can meet the
higher demand by employing less labour and capital services. As a result, there is a
decrease in hours worked and private sector wages in the short run, consistent with the
empirical evidence provided in Gali (1999). Regarding the response of private
consumption, optimizing households face a positive wealth effect that induces them to
increase current consumption. On the other hand, the initial decrease in the labour
income leads liquidity constrained households to reduce their consumption
expenditures in the short run. The net effect on private consumption demand is
negative on impact, thereby restraining the increase in demand. The increase in the
marginal productivity of capital increases investment demand, while the decrease in
export prices results in an improvement in the terms of trade and shifts foreign and
domestic demand towards domestic goods, thereby boosting exports.

A positive investment-specific technology shock increases the marginal
efficiency of investment and creates incentives to raise future capital formation. Since
new capital is now more productive than the current capital stock, this leads
households to increase the utilization rate and depreciate the current capital stock. At
the same time, optimizing households find it optimal to postpone their consumption in
the short run in order to invest more. As Figure 9 shows, in response to the positive
investment-specific technology shock, private investment increases in a hump-shaped
pattern. In addition, there is a small, albeit negligible decrease in hours worked in the

private sector on impact period that puts a downward pressure on private sector
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wages. Nevertheless, the rise in the marginal productivity of private inputs that is
driven by the higher capital services generates an expansion in private sector
employment and wages in the following periods, in line with the findings in
Justiniano et al. (2010) and Khan and Tsoukalas (2012).

Figure 10 shows the dynamic responses to a shock in labour augmenting
technology. Recall that innovations in y,, have permanent effects on the level of z,

and hence on the levels of macroeconomic variables that grow along the balanced
growth path. The positive productivity shock increases private sector wages and
employment and triggers an increase in the consumption demand of both types of
households. At the same time, the rise in the return to capital induces optimizing
households to increase the utilization of existing capital, whereas the higher price of
capital boosts investment demand. The increase in the price of domestically produced
goods that is driven by the rise in the real marginal costs generates inflationary
pressures that reduce the real effective exchange rate and the terms of trade, leading to

a deterioration in the trade balance and the current account balance.

4.2.4. Effects of markup shocks

In this Section we investigate the dynamic responses to temporary reductions in

the price and wage markups by 1%.

We first consider the effects of a reduction in the price markups by 1%. Figure
11 displays the dynamic paths resulting from a shock in the domestic price markup,

w4 . The first order effect is a decrease in the price of goods that are produced and

sold domestically, which increases the domestic demand for these goods, whereas it
reduces the demand for imported goods. The higher aggregate demand leads to a rise
in the demand for labour and capital services that triggers an expansion in private
production and real GDP. However, the higher input costs cause an increase in the
real marginal cost and lead domestic firms to increase export prices, which causes the
terms of trade to deteriorate and discourages exports. Nevertheless, there is an
improvement in the trade balance in the short run that is driven by the lower imports.
Finally, note that both the primary deficit-to-GDP ratio and the debt-to-GDP ratio
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decrease along the dynamic path, which implies that a reduction in the domestic price
markup can be beneficial for improving public finances.

[Figures 11-14 about here]

Figure 12 illustrates the effects of a temporary reduction in the export price
markup, s, by 1%. The decrease in the markup is associated with an improvement

in the terms of trade and an expansion in the foreign demand for exports. Firms
increase the demand for inputs and this puts upward pressure to the real wages and the
return to capital. Eventually, there is an expansion in private production and real
GDP.

A different picture emerges regarding the short-run response of private output
and real GDP in the case of a reduction in the import price markup. As Figure 13
depicts, the decrease in the import price markup makes imported goods cheaper,
which in turn leads to expenditure switching towards imported goods. Given the
reduction in the domestic demand for goods that are produced and sold domestically,
firms decrease their demand for private inputs, putting downward pressures in the
private sector wages and the return to capital. Since both private employment and
wages decrease, there is a reduction in consumption expenditures. Eventually, private

output and real GDP decrease in the short run.

We now turn our analysis on the effects from a decrease in the wage markup by
1%. As can be seen from Figure 14, the first order effect is a decrease in private sector
real wages that creates strong incentives for firms to use labour services. At the same
time, lower wages are translated into a lower real marginal cost that allows firms to
decrease the prices of both domestically sold and exported goods. Consequently, there
IS a rise in exports that is accompanied by an improvement in the terms of trade and
the trade balance-to-GDP ratio in the short run. At the same time, the decrease in
domestic inflation triggers an increase in the real effective rate, that is, a real
depreciation. In addition, investment demand increases due to the rise in the price of
capital. Eventually, the rise in aggregate demand results to a rise in private production
and real GDP. Regarding the impact on public finances, it is worth noting that there is
a reduction in the public debt-to-GDP ratio that is mainly driven by the higher real
GDP.
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4.3. Variance decomposition

In this Section we quantify the contribution of each structural shock to
fluctuations in the endogenous variables at different time horizons. More specifically,
the total variances of the endogenous variables are decomposed into fractions
explained by innovations in the exogenous variables. We report forecast error
variances over short-term (1-4 quarters), medium-term (12 quarters) and long-term
(20-40 quarters). We focus our attention on the decomposition of real GDP, private
output, private sector employment, real exports, real imports and the real effective

exchange rate.
[Figures 15-22 about here]

As Figure 15 illustrates, fluctuations in real GDP in the short run are primary
driven by government wage shocks, government purchases shocks, total factor
productivity shocks and wage markup shocks. In the very short run, shocks to
government wages and government consumption explain respectively about 32% and
19% of the variance in real GDP. At the 4-quarter horizon, shocks in total factor
productivity, public sector wages and wage markup shocks account respectively for
about 22%, 19% and 10% of the variation in real GDP. It is worth noting that shocks
to the tax rates, government employment and price markups do not seem to matter for
the variability of real GDP in the short run. Over the medium term, shocks in total
factor productivity, permanent technology shocks and investment specific shocks
become gradually more important. In the long run (after 40 quarters), technology
shocks together explain about 47% of the total variance in real GDP, while the
remaining variability is mainly explained by shocks in government wages and wage

markups.

In the case of private output, shocks in government purchases of goods and
services explain about 31% of the total variance in the very short run, but their
contribution is relatively short-lived. In contrast to the case of real GDP, the
contribution of shocks to government wages is now negligible. On the other hand, the
nominal exchange rate explains about 18% of the short-run variations in private
output. This is not surprising since, in the absence of monetary policy independence,
these shocks directly affect the intertemporal choices of optimizing households. In the

medium term, total factor productivity shocks and investment specific shocks are the
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main forces behind the fluctuations in private output. The remaining variability is
mostly explained by wage markup shocks. At longer horizons, technology shocks

together can explain about 52% of the total variance of private output.

Turning our analysis to the determinants of private sector employment, it can be
seen from Figure 17 that the variability of hours worked in the private sector in the
short run is driven by wage markup shocks and total factor productivity. At the 4-
quarter horizon, the former shocks explain about 33% of the total variance, while the
latter explain about 20%. A similar picture emerges at longer horizons, where shocks
in total factor productivity and wage markup shocks together account for about 50%
of the total variance in hours worked in the private sector.

As regards short-run fluctuations in private consumption, Figure 18 reveals that
they are mainly attributed to shocks in the tax rate on consumption and risk-premium
shocks. This is explained by the fact that both shocks have a direct impact on the
intertemporal choices of optimizing households. At longer horizons, however,
permanent technology shocks also become important, since they explain about 32% of

the variability in private consumption.

The contribution of risk-premium shocks is also important in explaining short-
run fluctuations in private investment. The reason is that they have a direct impact on
the price of capital. As Figure 19 shows, risk-premium shocks along with investment-
specific technology shocks explain more that 60% of the short-run variations in
private investment. As the time horizon increases, investment-specific technology
shocks and labour productivity shocks are the dominant factors behind movements in

private investment.

Concerning fluctuations in real exports, Figure 20 illustrates that in the very
short run they are mainly driven by shocks to the prices of foreign competitors,
foreign demand shocks, as well as shocks in the nominal exchange rate. In the
medium term, as well as at longer horizons, foreign demand shocks account for about
33% of the fluctuations in real exports. The remaining variability is mainly due to
shocks in the prices of foreign competitors, risk-premium shocks, shocks in the

foreign interest rate and shocks in the nominal exchange rate.

As regards fluctuations in real imports in the short run, Figure 21 suggests that

they are primary driven by risk-premium shocks. This is in line with the findings in
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Kollitzas et al. (2012), who show that the low lending rates after the adoption of euro
are associated with higher imports in Greece. At longer horizons, risk-premium
shocks account for about 38% of the variability in imports, while the remaining
variability can be attributed to permanent technology shocks and investment-specific

shocks.

5. Concluding remarks

In this paper we have presented the theoretical foundations and dynamic
properties of BOGGEM , a Dynamic Stochastic General Equilibrium (DSGE) Model
developed at the Bank of Greece as a quantitative tool for policy analysis. We
calibrated the model to the Greek economy and examined the dynamic properties of
the model by reporting impulse response functions to a number of shocks, performing
variance decomposition analysis, and by inspecting the sample moments produced by
the model. The results indicate that the model performs quite well along these

dimensions.

The current version of the model was calibrated at a quarterly frequency for the
Greek economy. Estimating the model and examining its forecasting properties is an
important future objective. In addition, adding a banking/financial sector in the

current version of the model is an interesting extension.

58



References

Adolfson, M., S. Laseen, J. Linde, Villani, M., 2007. Bayesian estimation of an open
economy DSGE model with incomplete pass-through. Journal of International
Economics 72, 481-511.

Alper, C.E., Forni, L., 2011. Public Debt in Advanced Economies and Its Spillover
Effects on Long-Term Yields. IMF Working Paper No. 11/210.

Angelopoulos K., Philippopoulos, A., Vassilatos, V., 2009. The social cost of rent
seeking in Europe. European Journal of Political Economy 25, 280-299.

Antoniades, A., 2012. Locan versus producer pricing: evidence from disaggregated
data. International Economic Review 53, 1229-1241.

Ardagna, S., 2001. Fiscal policy composition, public debt and economic activity.
Public Choice 109, 301-325.

Ardagna, S., Caselli, F., Lane, T., 2008. Fiscal discipline and the cost of public debt
service: Some estimates for OECD countries. The B.E. Journal of Macroeconomics 7,
1-35.

Andres, J, Burriel, P., Estrada, A., 2006. BEMOD: a DSGE model for the Spanish
economy and the rest of the Euro area. Documento de Trabajo del Banco de Espafia
0631.

Baum, A., Checherita-Westphal, C., Rother, P., 2012. Debt and Growth: New
Evidence for the Euro Area. Working Paper No. 1450, European Central Bank.

Baxter M. King, R., 1993. Fiscal policy in general equilibrium. American Economic
Review 83, 315-334.

Bayoumi, T., Laxton, D., Pesenti, P., 2004. Benefits and spillovers of greater
competition in Europe: A macroeconomic assessment. Working Paper Series, No.
341, European Central Bank.

Blanchard, O., Gali, J., 2007. Real wage rigidities and the new keynesian model.
Journal of Money, Credit and Banking 39, 35-65.

Burriel, P., Fernandez-Villaverde, J., Rubio-Ramirez, J.F., 2010. MEDEA: A DSGE
model for the Spanish economy, SERIEs 1, 175-243.

Calvo, G. A., 1983. Staggered prices in a utility-maximizing framework. Journal of
Monetary Economics 12, 383-398.

Christiano L.J., Eichenbaum, M., 1992. Current real business cycle theories and
aggregate labor market fluctuations. American Economic Review 82, 430-450.

59



Christiano, L.J., Eichenbaum, M., Evans, C., 2005. Nominal rigidities and the
dynamic effects of a shock to monetary policy. Journal of Political Economy 113, 1-
45,

Christiano, L.J., Trabandt, M., Walentin, K., 2011. DSGE models for monetary policy
analysis, in Handbook of Macroeconomics, volume 3, edited by B. M. Friedman and
M. Woodford, 285-367, Elsevier, North-Holland.

Christoffel, K., Coenen, G., Warne, A., 2008. The New Area-Wide Model of the Euro
Area - A Micro-Founded Open-Economy Model for Forecasting and Policy Analysis.
Working Paper Series 944, European Central Bank.

Christofel, K., Linzert, T., 2010. The role of real wage rigidities and labor market
frictions for unemployment and inflation dynamics. Journal of Money, Credit and
Banking 42, 1435-1446.

Coenen, G., Straub, R.., Trabandt, M., 2012. Fiscal policy and the great recession in
the euro area. American Economic Review, Papers and Proceedings 102, 71-76.

Coenen, G., Straub, R., Trabandt, M., 2013. Gauging the effects of fiscal stimulus
packages in the euro area. Journal of Economic Dynamics and Control 32, 367-386.

Conesa, J.C., Kehoe, T., Ruhl, K., 2007. Modeling great depressions: the depreciation
in Finland in the 1990s. Federal Reserve Bank of Minneapolis Quarterly Review 31,
16-44.

Corsetti, G., Kuester, K., Meier, A., Muller, G., 2013. Sovereign risk, fiscal policy
and macroeconomic stability. The Economic Journal 123, F99-F132.

De Castro, Salto, M., Steiner, H., 2013. The gap between public and private wages:
new evidence for the EU. Economic Papers 508, European Economy.

Druant, M., Fabiani, S., Kezdi, G., Lamo, A., Martins, F., Sabbatini, R., 2009. How
are firms’ wages and prices linked. Survey evidence in Europe. Working Paper Series
No. 1084, European Central Bank.

Du Gaju, P., Gabor, K., Lamo A., Nicolitsas D., Poelhekke, S., (2010), Inter-industry
wage differentials in EU countries: What do cross country time varying data add to
the picture?, Journal of the European Economic Association 8, 478-486.

Economides G., Philippopoulos, A., Vassilatos, V., 2011. Public providers versus
private providers of public goods: A general equilibrium study of the role of the state.
CESifo, Working Paper, No. 3487.

Economides G., Papageorgiou, D., Philippopoulos, A., Vassilatos, V., 2013. Smaller
Public Sectors in the Euro Area: Aggregate and Distributional Implications. CESifo
Economic Studies 59, 536-558.

Erceg, C.J., Guerrieri, L., Gust, C., 2006. SIGMA: A New Open Economy Model for
Policy Analysis. International Journal of Central Banking, 2.

60



Erceg, C., Guerrieri, L., Gust, C., 2005. Expansionary Fiscal Shocks and the US
Trade Deficit. International Finance 8, 363-397.

European Commission, 2010. The economic adjustment programme for Greece.
European Economy, Occasional Papers No. 61, May 2010.

European Commission, 2012. Report in public finances in EMU - 2012. European
Economy No. 4/2012.

Fernandez-de-Cordoba, G., Perez, J., Torres, J., 2012. Public and private wages
interaction in a general equilibrium model, Public Choice 150, 309-326.

Fiorito, R., Kollintzas, T., 2004. Public goods, merit goods, and the relation between
private and government consumption. European Economic Review 48, 1367-1398.

Forni, L., Monteforte, L., Sessa, L., 2009. The general equilibrium effects of fiscal
policy: estimates for the euro area. Journal of Public Economics 93 559-585.

Forni, L., Gerali, A., Pisani, M., 2010. The macroeconomics of fiscal consolidations
in euro area countries. Journal of Economic Dynamics and Control 34, 1791-1812.

Forni, L., Pissani, M., 2013. Macroeconomic effects of sovereign restructuring in a
Monetary Union: A model-based approach. IMF Working Paper No. 13/2609.

Gali, J., 1999. Technology, employment and the business cycle: Do technology
shocks explain aggregate fluctuations?, American Economic Review 89, 249-271.

Gali J., Monacelli T., 2005. Monetary policy and exchange rate volatility in a small
open economy. Review of Economic Studies 72, 707-734.

Gali J., Lopez-Salido, D., Valles, J., 2007. Understanding the effects of government
spending on consumption. Journal of the European Economic Association 5, 227-270.

Garcia-Cicco, J., Pancrazi, R., Uribe, M., 2010. Real Business Cycles in Emerging
Countries? American Economic Review 100, 2510-2531.

Giordano, R., Depalo, D., Pereira, M., Eugene, B., Papapetrou, E., Perez, J., Reiss, L.,
Roter, M., 2011. The public sector pay gap in a selection of euro-area countries.
Working Paper No. 1406, European Central Bank.

Gogos, S., Mylonidis, N., Vassilatos, V., 2014. 1979-2001: A Greek great depression
through the lens of neoclassical growth theory, Economic Modelling 36, 316-331.

Gomes, S., Jacquinot, P., Pisani, M., 2010. The EAGLE. A Model for Policy Analysis
of Macroeconomic Interdependence in the Euro area. Working Paper Series 1195,
European Central Bank.

Greenwood, J., Hercowitz, Z., Huffman, G., 1988. Investment, capacity utilization
and the real business cycle. The American Economic Review 78, 402-417.

61



Greenwood J, Herkowitz Z, Krusell P., (2000). The role of investment-specific
technological change in the business cycle. European Economic Review 44, 91-115.

Hall, R., 2003. Wage determination and employment fluctuations. NBER Working
Paper No. 9967.

Hall, R., 2005. Employment Fluctuations with EquilibriumWage Stickiness.
American Economic Review 95, 50-64.

Harrison, R., Nikolov, K., Quinn, M., Ramsay, G., Scott, A., Thomas, R., 2005. The
Bank of England Quarterly Model, Bank of England 2005.

Jean, S., Nicoletti, G., 2002. Product market regulation and wage premia in Europe
and North America. OECD Economics Department Working Papers No. 318.

Justiniano, A., Primiceri, G., Tambalotti, A., 2009. Investment shocks and business
cycles, Journal of Monetary Economics 57, 132-145.

Khan, H., Tsoukalas, J., 2011. Investment shocks and the comovement
problem. Journal of Economic Dynamics and Control 35, 115-130.

King R., Rebelo, S., 1999. Resuscitating real business cycles, in Handbook of
Macroeconomics, volume 1B, edited by J. Taylor and M. Woodford, 927-1007,
North-Holland, Amsterdam.

Klein, P., 2000. Using the generalized Schur form to solve a multivariate linear
rational expectations model. Journal of Economic Dynamics and Control 24, 1405-
1423.

Kliem, M., Uhlig, H., (2013). Bayesian estimation of a DSGE model with asset prices.
Discussion Paper No. 37/2013, Deutsche Bundesbank.

Kollintzas T., Vassilatos, V., 2000. A small open economy model with transaction
costs in foreign capital, European Economic Review 44, 1515-1541.

Kollintzas, T., Papageorgiou, D., Vassilatos V., 2012. An explanation of the Greek
crisis: “the insiders — outsiders society”. CEPR Discussion Paper No. 8996.

Kumar, M., Woo, J., 2010. Public Debt and Growth. IMF Working Paper No. 10/174.
Kumhof, M., Laxton, D., Muir, D., Mursula, S., 2010. The Global Integrated
Monetary and Fiscal Model (GIMF) — Theoretical Structure. IMF Working Paper No.
10/34.

Kydland, F., 2006. Quantitative aggregate economics. American Economic Review
96, 1373-1383.

Lamo, A., Perez, J.,, Schuknecht, L., (2012), Public or Private Sector Wage

Leadership? An International Perspective, Scandinavian Journal of Economics 114,
228-244,

62



Lapatinas, 2009. Labour adjustment costs estimation of a dynamic discrete choice
model using panel data for Greek manufacturing firms. Labour Economics 16, 521-
533.

Leeper, E.M., Walker, T., Yang, S.-C.S., 2010. Government investment and fiscal
stimulus. Journal of Monetary Economics 57, 1000-1012.

Malley, J., Philippopoulos, A., Woitek, U., 2009. To react or not? Fiscal policy,
volatility and welfare in the EU-3. European Economic Review 53, 689-714.

McGrattan E., 2006. Real business cycles, Federal Reserve Bank of Minneapolis,
Staff Report 370.

Mendoza, E., Razin, A., Tesar, L., 1994. Effective tax rates in macroeconomics:
cross-country estimates of tax rates on factor incomes and consumption. Journal of
Monetary Economics 34, 297-323.

Mertens, K., Ravn, M., 2011. Understanding the aggregate effects of anticipated and
unanticipated policy shocks. Review of Economic Dynamics 14, 27-54.

Monacelli, T., 2005. Monetary policy in a low pass-through environment. Journal of
Monet, Credit and Banking 37, 1047-1066.

Nicolitsas, D., 2011. Evidence on Inter-Industry Wage Differentials in Greece, in
Essays in Economics: Applied studies for the Greek economy, edited by S. Balfousias,
P. Hatzipanayotou, C. Kanellopoulos, Centre of Planning and Economic Research
(KEPE), 285-316.

Nicolitsas, D., 2013. Price setting practices in Greece: evidence from a small-scale
firm survey level, Working Paper No. 156, Bank of Greece.

Papageorgiou, D., 2009. Macroeconomic Implications of Alternative Tax Regimes:
The Case of Greece. Working Paper No. 97, Bank of Greece.

Papageorgiou, D., 2012. Fiscal policy reforms in general equilibrium: the case of
Greece. Journal of Macroeconomics 34, 504-522.

Papageorgiou, D., Philippopoulos, A., Vassilatos, V. (2011). A toolkit for the study of
fiscal policy in Greece, (2011), in Essays in Economics: Applied studies for the Greek
economy, edited by S. Balfousias, P. Hatzipanayotou, C. Kanellopoulos, Centre of
Planning and Economic Research (KEPE), 165-201.

Papageorgiou, D., Kazanas, T., 2013. A dynamic stochastic general equilibrium
model for a small open economy: Greece. Centre of Planning and Economic
Research. Discussion Paper No. 128.

Pappa, E., 2009. The effects of fiscal shocks on employment and the real wage.
International Economic Review 50, 217-244.

63



Petrongolo, B., Pissarides, C., 2001. Looking into the Black Box: A Survey of the
Matching Function. Journal of Economic Literature 38, 390-431.

Philippopoulos, A., Varthalitis, P., Vassilatos, V., 2013. Optimal fiscal action in an
economy with sovereign premia and without monetary independence: An application
to Italy. CESifo, Working Paper, No. 4199.

Poghosyan, T., 2012. Long-Run and Short-Run Determinants of Sovereign Bond
Yields in Advanced Economies. IMF Working Paper No. 12/271.

Reinhart, C., Rogoff, K., 2009, This Time is Different, Princeton University Press.
Ratto, M., Roeger, W., in’t Veld, J., 2009. QUEST III: An Estimated Open-Economy
DSGE Model of the Euro Area with Fiscal and Monetary Policy. Economic
Modelling 26, 222-233.

Rebelo, S., 2005. Real business cycle models: past, present and future. Scandinavian
Journal of Economics 107, 217-238.

Roeger, W., in’t Veld, J., 2013. Expected sovereign defaults and fiscal consolidations,
European Economy, Economic Papers 479, April 2013.

Schmitt-Grohé S. and Uribe M., 2003. Closing Small Open Economies. Journal of
International Economics 61, 163-185.

Smets, F., Wouters, R., 2003. An estimated dynamic stochastic general equilibrium
model of the euro area. Journal of the European Economic Association,5, 1123-1175.

Smets, F., Wouters., R., 2007. Shocks and frictions in US business cycle: a Bayesian
DSGE approach. American Economic Review 97, 586-606.

Stahler, N., Thomas, C., 2012. Fimod — A DSGE model for fiscal policy simulations,
Economic Modelling 29, 239-261.

Uhlig, H., 2007. Explaining asset prices with external habits and wage rigidities in a
DSGE model. American Economic Review 97, 239-243.

Uribe, M. (2006). A fiscal theory of sovereign risk. Journal of Monetary Economics
53, 1857-1875.

64



Table 1: Calibration

Parameter or

Variable Description Value
v Inverse of the Frisch elasticity of labour supply 1
Substitutability/complementarity between private and
9 : 0.05
public goods
E° Habit persistence 0.60
a Gross capital elasticity in production 0.3677
l1-a Labour elasticity in production 0.6323
a, Public capital elasticity in production 0.0316
Vs Growth rate of labor augmenting technology 1.0028
Jij Time discount factor 0.9923
K Preference parameter 26.4
A Fraction of liquidity constrained households 0.35
A Long-run aggregate productivity 1
of Private capital quarterly depreciation rate 0.0172
o° Public capital quarterly depreciation rate 0.0107
& k Private capital adjustment cost parameter 0.9
¢ Elasticity of marginal depreciation costs 1.625
) Fixed cost parameter 0.1367
" Markup on private sector wages 1.15
7 Markup - domestic market 1.38
Y7 Markup - foreign markets 1.1
Y7 Markup - importing firms 1.38
6’5 Calvo parameter - domestic market 0.7059
6’; Calvo parameter - foreign markets 0.697
(9")" Calvo parameter - importing firms 0.7059
X4 Indexation parameter - domestic market 0.26
Xy Indexation parameter - foreign markets 0.26
m Indexation parameter - importing firms 0.26
l//d Risk-premium coefficient on total public debt-to- 0.04/16
output ratio
f Risk-premium coefficient on net private foreign 0.01
4 assets-to-GDP ratio '
Py, Persistent parameter of risk premium 0.95
d Target level of total public debt-to-GDP ratio 4
3 Target level of net private foreign assets-to-GDP
f ratio 0
P Productivity of public s_pendlng on goods and 0.3547
services
7 Share of total government transfers allocated to 05

liquidity constrained households
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Table 1: continued

Feedback parameter on total public debt-to-GDP

P ratio 0.2
, Home bias in the production of consumption goods 0.6697
0] Home bias in the production of investment goods 0.3457
Elasticity of substitution between imported and
& : . 3.3510
¢ domestic consumption goods
Elasticity of substitution between imported and
& o 6.3520
' domestic investment goods
&, Elasticity of exports 1.463
n Degree of real wage rigidity 0.6491
pd gc / pnyDp Government purchases of g_oods and services-to-GDP 0.0638
ratio
pd gi / pnyDP Government investment-to-GDP ratio 0.0316
r° Tax rate on consumption 0.18
7 Tax rate on labor income 0.30
« Tax rate on capital income 0.20
T, Lump-sum taxes 0
h? Hours worked in the public sector 0.0372
v Share of domestic public debt 0.4045
P Persistent parameter of A 0.6261
Py, Persistent parameter of 7 0.6439
P, Persistent parameter of 77tI 0.907
Py Persistent parameter of g/ 0.76
Py Persistent parameter of g, 0.8557
P Persistent parameter of w; 0.7715
Pro Persistent parameter of h? 0.7084
/Ogtr Persistent parameter of gttr 0.7223
P Persistent parameter of 7 0.5623
o Persistent parameter of 7 0.6502
P x Persistent parameter of rtk 0.7458
P, Persistent parameter of V, 0.537
P Persistent parameter of 2" 05
P s Persistent parameter of z° 0.7193
P Persistent parameter of z4* 0.7193
H m
P Persistent parameter of 24, 0.7193
H R
P Persistent parameter of & 0.30
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Table 1: continued

o Standard deviation of A 0.0104
o) Standard deviation of 7, 0.0045
P Standard deviation of 77, 0.0085
o Standard deviation of g 0.0855
o Standard deviation of g; 0.0808
0.0 Standard deviation of w? 0.0406
O Standard deviation of h? 0.0206
Oy Standard deviation of g." 0.0315
o Standard deviation of 7/ 0.0547
o Standard deviation of 7, 0.0216
o Standard deviation of 7 0.0462
o, Standard deviation of V, 0.0307
O Standard deviation of 24" 0.021

O Standard deviation of z° 0.0092
O Standard deviation of 4 0.0092
O Standard deviation of 24" 0.0092
O x Standard deviation of & 0.0059
o, Standard deviation of s, 0.008
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Table 2: Data averages and long-run model solution

. Data Long Run
Variable i
Averages Solution
Total private consumption-to-GDP ratio 0.7191 0.7175
Private investment-to-GDP ratio 0.1820 0.1820
Total hours at work 0.2193 0.2193
Hours at work in the private sector 0.1821 0.1821
Private capital-to-GDP ratio 10.4769 9.0391
Public capital-to-GDP ratio 1.9035 2.3135
Total public debt-to-GDP ratio 4 4
Foreign public debt-to-GDP ratio 3.1260 2.3820
Domestic public debt-to-GDP ratio 1.6180 1.6180
Government transfers-to-GDP ratio 0.1936 0.1428
Private net foreign asset position-to-GDP ratio -0.028 0
Total economy’s net forelgn asset position-to- 3.1540 23820
GDP ratio
Exports-to-GDP ratio 0.2264 0.2175
Total imports-to-GDP ratio 0.3454 0.2580
Trade balance-to-GDP ratio -0.1190 -0.0405
Current account-to-GDP ratio -0.0957 -0.066

Note: (i) Quarterly data over the period 2000:1-2011:4 (ii) Data averages for the total public debt-to-
GDP ratio are over the period 2000-2009, data averages for the domestic public debt-to-GDP ratio, the
foreign public debt-to-GDP ratio and the total economy’s net foreign asset position-to-GDP ratio are
over the period 2002-2011, (iii) A negative value of the private net foreign asset position-to-GDP ratio
means that domestic households are net lenders.
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Table 3: Simulation results for the model economy

) Relative Volatility Persistence Contempora_meous
Variable x ol (x x) Correlation
X y P t-11 Mt P ( yt 1 Xt )
Actual Simulated | Actual Simulated | Actual Simulated

Data Data Data Data Data Data
Real GDP 1 1 0.89 0.68 1 1
Private consumption 1.31 0.94 0.86 0.70 0.78 0.65
Private investment 4.22 4.24 0.75 0.85 0.67 0.50
Total hours of work 0.69 0.72 0.86 0.47 0.65 0.53
Hours worked — Private sector 0.88 0.86 0.86 0.48 0.58 0.50
Wage per hour — Private sector 1.35 1.34 0.64 0.65 0.53 0.50
Private capital stock 0.29 0.31 0.93 0.95 0.57 0.12
Public capital stock 0.39 0.21 0.93 0.92 0.45 0.02
Exports 3.13 1.64 0.90 0.71 0.16 0.52
Imports 3.36 2.4 0.80 0.81 0.60 0.41
Trade balance / GDP 0.85 0.64 0.59 0.78 -0.53 -0.12
Current account balance / GDP 0.95 0.95 0.58 0.41 -0.49 -0.02
Real effective exchange rate 0.67 0.66 0.49 0.67 0.02 0.27
CPl inflation 0.25 0.27 0.12 0.59 0.07 0.38
Standard deviation of GDP, O'y 0.0182 0.0182

Notes: (i) Quarterly data over the period 2000:1-2011:4, (ii) All variables, with the exception of the trade balance / GDP
and the current account balance / GDP, are in logs and have been detrended with the H-P filter with a smoothing
parameter of 1600. The trade balance / GDP and the current account balance / GDP have been H-P filtered in levels.
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Figure 1: Dynamic responses to a government purchases shock
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Notes: (i) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account balance as share of GDP and the primary deficit as share of
GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current

account balance-to-GDP ratio means an improvement in these variables.
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Figure 2: Dynamic responses to a government investment shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 3: Dynamic responses to a public sector wage rate shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 4: Dynamic responses to a public sector employment shock
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GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current
account balance-to-GDP ratio means an improvement in these variables.
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Figure 5: Dynamic responses to a shock in the tax rate on labour income
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 6: Dynamic responses to a shock in the tax rate on consumption
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GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current
account balance-to-GDP ratio means an improvement in these variables.
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Figure 7: Dynamic responses to a shock in the tax rate on capital income
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Notes: (i) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account balance as share of GDP and the primary deficit as share of
GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current
account balance-to-GDP ratio means an improvement in these variables.

76



Figure 8: Dynamic responses to a shock in total factor productivity
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Notes: (i) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account balance as share of GDP and the primary deficit as share of
GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current
account balance-to-GDP ratio means an improvement in these variables.
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Figure 9: Dynamic responses to an investment-specific technology shock
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Notes: (i) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account balance as share of GDP and the primary deficit as share of
GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current
account balance-to-GDP ratio means an improvement in these variables.
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Figure 10: Dynamic responses to a shock in labour augmenting technology

Output Consumption Private Investment Hours Worked-Private Sector
15 4 0.12
S O s 1 8 /TN § o1 \
g 1 / S 0s g7 / \ < ooe \
> > 0. > > 0.
305 Private Output || & : otal 3, 8 \
s T e Real GDP < 06 Ricardian = ~—| s 006 P
0 T T Non-Ricardian 1 0.04 ~—
0 10 20 30 5 10 15 20 25 0 10 20 30 ) 10 20 30
Quarter Quarter Quarter Quarter
Real Wages-Private Sector Utilization and Return to capital Inflation (annualized) Real Interest Rate (annualized)
15 0.8 Utlization g 03 T g 005
= . = — I
5 50.6 ------- Return to capital g 0.2 cPI H .g 0 ~
g 1 5 /\\ 3 N e GDP deflator 3 /
3 3 04 ~—_ S 01\ 2 -0.05
QO 0.5H (e} / . S ~——— € = /
= g 0.2 L T e— g O S - g 01 /
0 0 S 01 S 015
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Quarter Quarter Quarter
Real Exchange Rate Terms of Trade Exports Imports
0 15 25
/ /——
5 -0.05 7 § -005 ~ 5 T § 2
g [\ / g\ yd g ! / g |/
> .0.1 > .01 > = 15 ~
) [0 [ J
S 015 \\/// S 015 \\/// 2 0517 S 1 / —
-0.2 -0.2 0 0.5
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Quarter Quarter Quarter Quarter
Trade Balance / GDP Current Account / GDP Primary Deficit / GDP Public Debt / GDP
k5 —1 5 ° — §°° 05
8 .01k ~ B 0.1\ ] 8 04 5
s = = ~ S 0 i
] \ / a] \ / a) / — g —
2 .02 _— 8 .02 " a 0.2/ ~ z /
= £ £ —~———| 9 -05 v
5 -03 5 -03 5 o < v
S .04 S .04 S .02 -1
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30
Quarter Quarter Quarter Quarter

Notes: (i) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account balance as share of GDP and the primary deficit as share of
GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current

account balance-to-GDP ratio means an improvement in these variables.

79



Figure 11: Dynamic responses to a domestic price markup shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 12: Dynamic responses to an export price markup shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 13: Dynamic responses to an import price markup shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 14: Dynamic responses to a wage markup shock
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account balance-to-GDP ratio means an improvement in these variables.
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Figure 15: Forecast error variance decomposition — Real GDP
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Figure 16: Forecast error variance decomposition — Private output
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Figure 17: Forecast error variance decomposition — Hours worked in the private sector
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Figure 18: Forecast error variance decomposition — Real private consumption
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Figure 19: Forecast error variance decomposition — Real private investment
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Figure 20
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Figure 21: Forecast error variance decomposition — Real imports
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Appendix A: Stationary decentralized competitive equilibrium

Note that all real variables, with the exception of hours worked, in a balance

1-a
~a-ay

growth path grow by the factor z, = zt1 . To solve for a stationary decentralized

competitive equilibrium (DCE), we have to make all the relevant real variables
stationary by scaling them with z. Thus, for any per-capita variable X,, we define
its stationary level as x, = X, /z’. Note that the endogenous state variables that are
predetermined in period t, as e.g. the private capital stock, are scaled by z,, that is,

kP =K /z . Accordingly, the end of period t private capital stock, real net private

foreign assets, the total real public debt, the foreign real public debt and the domestic

: . SR’ D
real public debt are scaled by z;, that is, k?, =K/, /z7, f} =—">, d , =—*,
z R z R
o SFY ¢ B . - - L
o = e and b?, = = respectively. In addition, we divide all price indices
ZI t Zt t

with the price index of the consumption good, R°, in order to make them stationary.
For instance, the relative price of domestically produced and sold goods is defined as

pd =P%/P°. We also scale up the marginal utilities of consumption of Ricardian and
non-Ricardian households, AT, AN with z°, and we define A% =z A7 and
AR =2z"A®. Note that foreign GDP is assumed to grow at the same rate as the

domestic economy, z, while the price of foreign competitors in the export markets,

Ptx*, is stationarized by dividing it with the foreign GDP deflator P”". The stationary

DCE is summarized by the following equations:

Ricardian Households

-1
R c,-1 R
R |:Ct -< 7/2+tht—1:|

= Al
A (1+ 70 ) (A1)
R _ R R

A" = PE, |:ﬂ“t+1 c 72+’t} (A2)
1_[t+1
RH

AtR = BE, |:ﬂ“tlj-l Htc v Z_+l'tst+1} (A3)
t+1
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(1-7)r =g g5°u?

. 2 . .
k ol o o

pt|:77tht 1_5 (yf,tt_yfj _ék(y.z,tt_yij?,tt +
2 et ] bt

I +:
ﬂ [qt+177t+l A/{:l § ( L tl:lt -

ﬂE 2;&1 7/2—1t |:(1 Tt+1) t+1ut+1 + qt+l (1 5,0 t+1 )]

. 2
k O
Kby = (1_§put¢)7/;l’tktp +77t| {l_%[@_72+] }t

Itfl

¢t =cPf + 9y?

Non-Ricardian households

(1+ T, )cp \R (1 7! )(thtp +w?h? ) + A0
—sras]

(1+ T, )
¢t =cP™ + gy?

ZTNR _ |:Ct

Aggregate private consumption
¢! =AcP™ +(1-2)c "

Optimal labour supply

1-7'
w:p%[w 1= = m

t

Real wage rate in the private sector
N N, . \l-n
th - (7/z*l,twtp—l) (Wt p)

Intermediate good firms

Yy, = A [%J (utktp )a (htp )lfa (ktg )ag .
Tt
wP =me, (1- a)y‘h%q)
t
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(A17)
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(A33)

(A34)

(A35)

(A36)

(A37)

(A38)
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p

v, =y° [exp( f'thP —&j—l]wf (—exp[ﬁ— f_]+1]+(exp(gf)—l) (A47)

pt yt tJt

Market clearing conditions

h,=hP +h (A48)
k' =uk? (A49)
y, =uly! +uy (A50)
Y. =¢ +ip +g; +9, (A51)
div, =div," +div" (A52)
div, = ply; + ply;S —me (y, + @) (A53)
dinm = ptm ytm — G ptyutm ytm (A54)
GDP deflator

PYY, =Py + Py (A55)

Definition of real GDP

GDP _ y\? 9p9 A56
e =y, +(p?) weh (AS56)
Evolution of net foreign assets

s, f.° . s, (1-v,)d,
Htc zht Hf

ftfl - (1 —Vi ) dt+1 = Rtljl [ }/Z}'t] + ptx ytx - qtex ptyutm ytm (A57)

Trade balance-to-GDP ratio

The trade balance is defined as the value of exports minus the value of imports. We
express the trade balance as a share of GDP:

Xy X A8 Yy Mmy,m
tbyt — pt yt qt GFD)::, ut yt (A58)

A

Current account balance-to-GDP ratio
The current account balance is defined as the change in net total foreign assets. We
express the current account as share of GDP:

(Rtijl _1)72_*1,t [St ftp _ S (1_Vt)d1 J (A59)

GDP
I ¢

cay, =thy, + o7y
t Jt
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Real effective exchange rate
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Appendix B: Data Appendix

(A60)

(A61)

(AB2)

(A63)

(A64)

(AB5)

(A66)

(A67)

(A68)

We use quarterly data that cover a maximum time span from 2000:1-2011:4.

Our main data source is Eurostat. Other data sources are the Bank of Greece,
OECD.Extacts and the European Central Bank, Statistical Data Warehouse. All

macroeconomic Vvariables that are in real terms are expressed in 2005 prices. All
variables have been seasonally adjusted with the TRAMO-SEATS method. Table B

provides information for the macroeconomic variables used and the data sources.
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Table B: List of macroeconomic and other variables

Variable Description Source
V1 Nominal gross domestic product Eurostat
V2 Real gross domestic product Eurostat
V3 Population (15-64 years) Eurostat
V4 GDP deflator Eurostat
V5 GDP deflator inflation = V4(1)/V4(t-1)
V6 CPI deflator OECD
V7 CPlI inflation = V6(t)/V6(t-1)
V8 Gross fixed capital formation deflator Eurostat
V9 Compensation of employees — Total economy | Eurostat
V10 Real compensation of employees — Total — V10/V6
economy
Vi1 Household and NPISI—! final consumption Eurostat
expenditure
V12 Real household and NPI_SH final consumption | _ VI1/VE
expenditure
V13 Gross fixed capital formation — Total economy | Eurostat
V14 Gross fixed capital formation — Private sector | = V13-V23
V15 Real gross fixed capital formation — Private — V15/V8
sector
V16 Gross operating surplus and gross mixed Eurostat
income — Total economy
V17 Consumption of fixed capital — Total economy | Eurostat
V18 Final consumption expenditure - Government | Eurostat
V19 Compensation of employees — Government Eurostat
V20 Real compensation of employees — — V19/V6
Government
V21 Intermediate consumption - Government Eurostat
V22 Real intermediate consumption - Government | = V21/V4
V23 Gross fixed capital formation — Government | Eurostat
V24 Real gross fixed capital formation — — /244
Government
V25 Consumption of fixed capital - Government Eurostat
V26 Gross total public debt Eurostat
V27 Gross foreign public debt Bank of Greece
V28 Net foreign investment position — Total Eurostat
economy
V29 Net foreign investment position — Private —\/28-V27
sector
V30 Real exports of goods and services Eurostat
V31 Real imports of goods and services Eurostat
V32 Trade balance Eurostat
V33 Current account balance Eurostat
V34 Imported intermediate goods (BEC) Eurostat
Eurostat. We allocate imported
intermediate goods to imported
V35 Imported consumption goods (BEC) consumption goods according to
the relative weight of consumption
goods in total imported goods
Eurostat. We allocate imported
intermediate goods to imported
V36 Imported capital goods (BEC) capital goods according to the
relative weight of capital goods in
total imported goods
V37 Total imported goods Eurostat
V38 Employment — Total economy Eurostat
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Table B: continued

Employment — Public administration and

V39 defense, compulsory social security Eurostat
contribution
V40 Employment — Education Eurostat
V41 Employment — Health and social work Eurostat
V42 Employment — Public sector = V39+V40+V41
V43 Employment — Private sector =V38-V42
Va4 Average actual weekly hours worked — Total Eurostat
employment
V45 Total actual weekly hours worked — Total — \/38%\/44
employment
Average actual weekly hours worked — Public
V46 administration and defense, compulsory social | Eurostat
security contribution
Average actual weekly hours worked —
V47 Education Eurostat
Average actual weekly hours worked — Health
Va8 and social work Eurostat
V49 Total actual weeklé/er;?srrs worked — Public — \/AB+\VAT+VA8
V50 Total actual weekly hours worked — Private — \/45-\/49
sector
V51 Producer price index in industry — Domestic Eurostat
market
V52 Import price index in industry Eurostat
V53 Real GDP — EU28 countries Eurostat
V54 Household and NEISH final consumption Eurostat
expenditure deflator
V55 Measure of investment specific technology = V54/V8
V56 Price index of exports Eurostat
V57 Price index of exports - EU28 countries Eurostat
V58 Consumption of fixed capital — Private sector | = V17-V25
V59 Current level of capacity utilization European  Commission,  BSC
database
V60 Compensation of employees in the private ~\V/9-V19
sector
V61 Real Compensation in the private sector = V60/V6
V62 Real compensation rate in the private sector | =V61/V43
V63 Real compensation rate in the public sector =V20/V42
V64 Gross wages and salaries Eurostat
V65 Current taxes on income and wealth of Eurostat
households
Gross operating surplus and mixed income —
V66 household sector Eurostat
V67 Consumption of fixed income — household Eurostat
sector
V68 Property income received— household sector | Eurostat
V69 Property income paid— household sector Eurostat
V70 Employees Eurostat
V71 Self-employed Eurostat
V72 Actual social security contributions Eurostat
V73 Gross wages and salaries Eurostat
V74 Capital taxes Eurostat
V75 Taxes on income of non-financial corporations | Eurostat
V76 Taxes on income of financial corporations Eurostat
V77 Other taxes in production Eurostat
V78 Taxes on production and imports Eurostat
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Table B: continued

V79 Government intermediate consumption Eurostat
V80 Real government intermediate consumption =V79/V4
V8l Social benefits othelr< itlr?gm social transfers in Eurostat
V82 Social transfers in kind Eurostat
V83 Subsidies, payable Eurostat
V84 Other subsidies Eurostat
V85 Government transfers =V81+V82+V83+V84
V86 Real government transfers = V85/V6
V87 Interest rate on ten-year government bonds - Eurostat
Greece

V88 Interest rate on ten-year government bonds — Eurostat

Euro area-17 countries
V89 GDP deflator — EU28 countries Eurostat
V90 Nominal effective exchange rate -37 partners | Eurostat
VIl Imputed wage of the self-employed = (V73/V70)*V71
V92 Gross external public debt =V26-V27

B.1. Construction of capital stock series

We construct series for the private capital stock and calibrate the average quarterly
depreciation rate in the private sector, 6, and the elasticity of marginal depreciation
costs, ¢, following a modified version of the methodology proposed in Conesa et al.
(2007) and Gogos et al. (2014). The main difference is that we allow the depreciation
rate to vary with capacity utilization. Series for the private capital stock are
constructed by using data on real gross fixed capital formation in the private sector,
consumption of fixed capital in the private sector, the current level of capacity

utilization, and the law of motion for private capital:
K, = (1= )KP +17 (B1)

In order to construct the private capital stock series we need an initial value for
the capital stock, a value for the average depreciation rate, 6”, and the elasticity of
marginal depreciation costs, ¢. The value of the depreciation rate is chosen to match
the average consumption of fixed capital in the private sector-to-GDP ratio observed
over the data period used for calibration. This ratio over the period 2000:1-2011:4 is
equal to 0.118. Thus,

2011 §Pys KP.
152%™ 1108 j=1234 2
48t:2000 Y

tj

99



We choose the initial private capital stock so that the capital-to-GDP ratio in
2000:1 matches its average value over the period 2000:1-2011:4:

KP 2011 KP _
Lo L5 B 212,34 (B3)
Yoo 48100 Y:, i

Finally, we choose the value of the elasticity of marginal depreciation costs, ¢,
to satisfy the following condition:
_ 7/2* —ﬂ(l—ép)

po’

B4 is obtained by combining the steady-state versions of Equations (A4) and

¢ (B4)

(A6). We set the values for » = and A equal to their calibrated values in Table 1.
Thus, there are 50 unknowns: 6, ¢, K., Kygre Kioi o » in 50 equations: B1 (47

equations), B2, B3 and B4. Solving this system of equations, we obtain the sequence

of private capital stocks, a calibrated value for the quarterly average depreciation rate,
60" =0.0172 (0.0688 annually), and a calibrated value for ¢ =1.625.

The method for the construction of the public capital stock series is similar as
above. In particular, we use available data for government consumption of fixed
capital, real gross government fixed capital formation and the law of motion of public
capital stock. The equivalent equations to (B.1) - (B.3) are:

Ko, =(1-6°)K? +G; (B5)

t+1 T

1 201 §IKS
=y T i_00204 j=1234 (B6)
48 t=2000 Y

t,j
g9 2011 K 9
K2001,1 _ 1 Kt,J’

Y2001,1 B 48 t:%(:)o Yt, j ’

1=12,34 (B7)

In this case, there are 49 unknowns: 6°, KZ o\, Ko, Kas, in 49

equations: B5 (47 equations), B6 and B7. The solution of this system gives a quarterly

depreciation rate for public capital stock equal to 6° =0.0107 (0.0428 annually).
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B.2 Computation of the effective tax rates

Our methodology in constructing quarterly effective tax rates on labour income,
capital income and consumption is based on the work of Mendoza et al. (1994).
Broadly speaking, the effective tax rates are estimated from information provided by
the National Accounts as the ratios between the tax revenues from particular taxes and
the corresponding tax bases. We follow e.g. Papageorgiou (2012) in treating the

income of the self-employed as a combination of labour and capital income.

Personal income tax rate

The personal income tax rate that applies both to labour and capital income of

households is:

e TYH (B9)
~ (WSS —SSC) +(GOSH —CFCH ) +(PIR - PIP)

where TYH denotes current taxes on income and wealth of households, WSS denotes
compensation of employees, SSC denotes total actual social security contributions,
GOSH denotes the gross operating surplus and mixed income of households, CFCH
is the consumption of fixed income of households and PIR,PIP denote respectively

the property income received and paid by the households.

Effective tax rate on labour income

The effective tax rate on labour income is computed as:

h
7" (W+WSE) + SSC ©9)
WSS +WSE

where W denotes gross wages and salaries of employees, WSE = (W / EE ) x SE is the

imputed wage of the self-employed, EE is the number of employees and SE is the
number of the self-employed persons. Note that WSS and W differ in that the former

includes the social security contributions paid by the employers.
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Effective tax rate on capital income

The effective tax rate on capital income is computed as:

. 7"[(GOSH —CFCH) +(PIR — PIP) ~WSE |+ CTAX +TYC +TYF +OTP
N GOS —CFC ~WSE

(B10)

T

where CTAX denotes capital taxes, TYC denotes taxes on income of non-financial
corporations, TYF denotes taxes on the income of financial corporations, OTP
denotes other taxes in production (for Greece this category mainly includes taxes on
capital income), GOS denotes the gross operating surplus and mixed income of the
total economy and CFC denotes the consumption of fixed capital of the total

economy.

Effective tax rate on consumption
The effective tax rate on consumption is computed as:

o TPI —OTP
HC +GIC —(TPI -OTP)

(B11)
where TPl denotes taxes on production and imports, HC denotes household and

NPISH final consumption expenditures and GIC denotes government intermediate

consumption expenditures.
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Appendix C: Additional impulse responses

Figure C.1: Dynamic responses to a shock in government transfers
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Notes: (i) Government transfers decrease by 1% of initial steady-state GDP, (ii) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account
balance as share of GDP and the primary deficit as share of GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a positive change in
the trade balance-to-GDP ratio and the current account balance-to-GDP ratio means an improvement in these variables.
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Figure C.2:

Notes: (i) Increase in the share of domestically held public debt by one standard deviation, (ii) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP,
the current account balance as share of GDP and the primary deficit as share of GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point

Dynamic responses to a shock in the share of domestically held public debt
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deviations. (ii) a positive change in the trade balance-to-GDP ratio and the current account balance-to-GDP ratio means an improvement in these variables.
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Figure C.3: Dynamic responses of a risk-premium shock
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Notes: (i) Increase in the risk-premium by one standard deviation, (ii) The series plotted are percentage deviations from the steady-state, except for the trade balance as share of GDP, the current account
balance as share of GDP and the primary deficit as share of GDP, which are percentage point changes. The real interest rate and the inflations rates are in annualized percentage point deviations. (ii) a
positive change in the trade balance-to-GDP ratio and the current account balance-to-GDP ratio means an improvement in these variables.
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Figure C.4: Dynamic responses of a shock in the growth rate of the nominal exchange rate
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