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Abstract

The paper sets out a multiple-trend DSGE model designed, calibrated and estimated to match key styl-
ized facts about the Slovak economy. The model includes a detailed fiscal policy block that allows a
thorough analysis of fiscal policy measures and evaluate country’s fiscal policy credibility using interest
rate spreads.
The estimated model is firstly employed to identify the structural economic shocks that drive the economy
and determine the sources of the forecast uncertainty. The empirical analysis emphasizes the importance
of the foreign shocks on domestic GDP, trade and employment growth and high influence of productivity
shocks on inflation and labour market dynamics.
Next, using the model we study the response of the economy to a technology shock and to a foreign
demand shock under alternative fiscal adjustment scenarios. We find that a well-designed programme
involving increases in transfers as well as tax cuts can stabilize the economy in the short run and im-
prove longer-term growth prospects following a shock with adverse fiscal implications. We analyse the
consequences of fiscal policy shocks in and away from the steady state of the model. The exercise yields
implied fiscal multipliers that are in line with standard literature. Raising capital and labour tax especially
is particularly bad for the real economy, mainly in the long run. On the other hand, cutting subsidies and
unproductive government consumption are the least harmful way of reducing spending, while reduction
in the public wage bill and public investment has negative implications on household consumption and
wealth.
Keywords: dynamic stochastic general equilibrium model, simulations, fiscal rules, fiscal multipliers,
fiscal consolidation.
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1 Introduction
The consequences of alternative fiscal consolidation strategies have been on top of the policy
agenda in Slovakia and elsewhere ever since the attention of policy makers and indeed markets
turned towards dealing with the fiscal consequences of the recent severe economic downturn.
Although the literature on fiscal multipliers offers some more or less disputed general lessons,
the models used in the literature – whether empirical or theoretical – rarely meet the require-
ments for a meaningful applied policy analysis. Fiscal instruments are usually not considered
in a variety that would resemble the real-world conduct of policy, and there are potentially
important country–specific aspects ignored in analyses usually tailored to a specific advanced
economy. Hence, this paper presents a DSGE model designed and calibrated to fit the Slovak
data, with a sufficiently rich fiscal block so that it is equipped to take a realistic account of the
policy measures potentially implemented by the Slovak government.
The existing literature on DSGE models in the context of Slovakia is characterized by a rather
stylized representation of the fiscal side. This paper, therefore, considers an array of fiscal
instruments both on the revenue and the expenditure side, implemented via rules that aim
to mimic the real–world decision making of the Slovak authorities. This is an important ex-
tension on Slovak models built recently by Zeman and Senaj (2009) and Zeman et al. (2010).
The former medium size New Keynesian small open economy model is based on the original
Swiss medium-scale DSGE model proposed by Cuche-Curti et al. (2009). The latter uses the
two-country monetary union setup of Pytlarczyk (2005) as a benchmark.

Model Specifics
The model is unique in four additional ways. First, it considers – in a stylized fashion in the
context of a linear economy – the evolution of the risk premium on private and public debt.
Second, since the conduct of fiscal policy in Slovakia is constrained by a set of domestic and
Euro Area rules, the model has to reflect this. We introduce a set of realistic fiscal rules that
reflect the common practice whereby the government reacts to a no–policy–change scenario by
setting a headline deficit target, which determines the amount of desired fiscal consolidation.
This amount is then allocated to different revenue and expenditure items. The fiscal consolida-
tion rule takes into account primarily the debt-to-GDP and the deficit-to-GDP.
Third, the model aims to account not only for the fact that Slovakia is a small open economy but
that its demand and supply structure differs in important ways from those of many advanced
economies. We emphasize that the model design enables us to capture typical signs of converg-
ing small open economies – observed wedge between the value added and the real growth rate
of trade (volume of exports and imports), increasing trade openness and real exchange rate
appreciation. Realistic forecasting and policy analysis require model to treat properly long-run
trends of key variables, capture the medium-run behaviour of the economy and track the inter-
actions between the trends and the business cycle. Therefore, following Andrle et al. (2009) the
model is enriched by various trend processes that introduce the wedge between real growth
rates of trade and domestic economy, sectoral relative prices, trade openness, gradual con-
vergence towards more developed countries and a mechanism allowing the long-run economy
appreciation. Moreover, to emphasize the role of fiscal policy in the production following Forni
et al. (2007) and Cavallo (2005) we let the domestic economy to operate in two sectors – produc-
tive private and unproductive public, fully financed by the government. We employ a standard
approach on non–tradable and tradable goods when describing the private sector production
technology.
Fourth, we allow productive government spending to interact with households consumption
and following Leeper et al. (2015) and Papageorgiou (2014) extend their utility function to in-
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clude public goods supplied to all households free of charge.

Empirical Analysis Results
The model has been estimated using Bayesian inference methods (see Forni et al. (2007)). Fol-
lowing Andrle et al. (2009) due to in general different growth rates of model real variables
and assumed impact of openness and quality technologies observed in the date we do not use
standard Hodrick-Prescott filtering technique. We prefer to express the corresponding vari-
ables in the estimation procedure in growth rates rather than levels. We computed relative
contributions of individual shocks to the total variance to determine the main sources of future
uncertainties for the key model variables. Furthermore, we use the estimated model to build
a simple Kalman filter that enabled us to detect the evolution of model shocks and determine
their contribution to observed values of model variables.
Our finding about the sources of potential uncertainty based on 2009-2015 data are summarised
as follows. Not surprisingly, due to high proportion of exports on GDP and increasing trade
openness uncertainty in the real GDP growth and output gap (measured as the difference be-
tween the GDP and its stochastic long-run trend path) forecast is mostly a result of the uncer-
tainty about the evolution of the foreign economy, mainly from the foreign demand volatility,
variable price competitiveness of exporters and oil price fluctuations. Shocks in domestic pro-
ductivity are the major domestic source of the GDP growth and output gap uncertainty. Private
consumption growth forecast uncertainty is driven mainly by changes in the supply of public
good, shocks in productivity and habit formation and variations in the transfer. Uncertainty
about the growth of export and import is forced mainly by the fluctuations in foreign demand,
trade openness, export price competitiveness and by changes in the quality or composition of
export goods. Despite the initial large impact of the technology shock on the employment fore-
cast uncertainty, long-run dynamics of the labour market is influenced especially by shifts in
household preferences and foreign demand. However, shifts in household preferences are the
largest contributor to the uncertainty in the real wage growth.
Furthermore, we employed the Kalman filter to determine and analyse the contribution of
individual structural shocks to most important model variables between 2009 and 2015. We
highlight several observations. Fall of the GDP growth was mainly due to losses in foreign
demand and fall in the long-term growth. During the post-crisis period, gradually increasing
foreign demand, export and domestic technologies are the main driving forces in the output
recovery and recently slightly higher domestic demand help to improve the output growth.
Private consumption has lost much of its pre-crisis level, mainly due to negative shocks in do-
mestic and foreign demand and low performing productivity. Next, negative signals from the
foreign economy and its slack recovery deepen the consumption fall in the post-crisis period.
However, recently foreign environment, mainly decreasing rates, low oil price and inflation up
to some stage compensate this negative trend in consumption fall. We have observed that de-
cline of export and import during the crisis came from a significant fall in foreign demand and
price competitiveness. Nevertheless these two forces and the export-specific process helped to
recovery the trade in the post-crisis period. Recently foreign demand have weaken while trade
openness improved. Labour market dynamics has been driven by changes in the foreign de-
mand (with positive impact on the post-crisis recovery), domestic technologies and lately with
some positive sway of shifts in household preferences.

Model Dynamics Results
The estimated model provides intuitive dynamics following standard shocks. We also find that
the nature of adjustment on the fiscal side to deal with the adverse budgetary consequences of
structural shocks has important dynamic and distributive implications. We show that – given
their powerful impact on the real economy – increasing transfers to consumers can stabilize the
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economy as well as balance the budget in the short run, whilst relying on labour income tax
hikes has negative implications for activity in the short run but is associated with strong and
persistent positive mid- and long-term effects on the economy. Hence, from an intertemporal
perspective a suitable combination of the two appears desirable. There is, however, another
aspect to this adjustment: the choice of fiscal instrument has a significant impact on the welfare
of Ricardian versus non-Ricardian agents (see Gali et al. (2002)).
We then used the estimated model to simulate the consequences of innovations in fiscal policy
(using different policy instruments) when the model is in its steady state. Also, using a set
of realistic initial conditions to account for the current (post-2009-crisis) state of the Slovak
economy, we simulate a gradual adjustment driven by fiscal rules that guide the economy to a
state in which debt hits a target level of debt. From these two exercises, following Uhlig (2010),
we compute implied fiscal multipliers for a wide array of revenue and spending instruments.
As Leeper et al. (2015) remarks implied fiscal multipliers may be considerably higher and more
persistent in the environment of passive monetary and active fiscal policy than in case of active
monetary and passive fiscal policy.
We find these multipliers to be in general in line with standard multipliers estimates. Con-
cretely, we confirm that raising taxes is more harmful for the growth in the short and long term
than expenditure cuts. Among tax measures, direct taxes have larger impact on the economy
than the consumption tax. Fiscal adjustment through labour income taxes is costly in the short
term and a lot more damaging over a longer horizon especially for the economy in a recession.
We show that cuts in public investment are the most harmful in the long-run for the real econ-
omy in a high-debt, low-growth context when fiscal consolidation is needed. Most negative
short-run externalities are associated with reduction in the public wage bill. Deleteriousness
of using certain expenditure instruments for fiscal consolidation arises from a substantial role
of public goods (produced using public capital and public sector labour force) in the econ-
omy and its complementarity or substitutional impact on consumption of Ricardians and Non-
Ricardians. Furthermore, we observe that public goods existence leaves room for interesting
private-public sector interactions, namely private investment crowding-out (due to higher pub-
lic investment spending) or labour markets dynamics in terms of the private-public sector com-
petition (resulting from the public wage bill adjustment).

The rest of the paper is organized as follows. Since the aim was to build a compact story-telling
tool that would be useful for fiscal policy analysis and simulations, policy evaluation and fore-
casting. section 2 highlights some key differences relative to standard practice in DSGE mod-
elling. Here we explain and justify a few several stylized facts and features that we want this
fiscal model to capture. Section 3 is devoted to present in detail the model structure and ex-
plain its specifics. In section 4, we first stationarize the model and calibrate its steady state to
fit the Slovak data. Then, we estimate the linearised model. For the purpose of simulation and
forecasting we compute and analyse the forecast error variance decompositions for key model
variables using the 2009-2015 data. Next, employing the Kalman filter we obtain the evolution
of the model shocks and finally we determine the drivers of the economy in the recent period.
The aim of Section 5 is to examine the performance of the estimated model in the wake of stan-
dard structural shocks deemed relevant in the context of Slovakia: a positive technology shock
and negative foreign demand shock. Furthermore we simulate various scenarios of the fiscal
consolidation in a low-productivity, high-debt environment. In this section, we also compute
implied fiscal multipliers from our policy exercises and discuss the impact of the fiscal rule de-
sign on multipliers and the fiscal policy ability to achieve its target in a given horizon. Finally,
section 6 concludes.
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2 Motivation and Modelling Background
We present a medium-scale a small open emerging economy DSGE model tailor-made to de-
scribe developments in the Slovak economy still residing in its post-transition phase and grad-
ually approaching more developed European economies. The aim was to build a compact
story-telling tool that would be useful for fiscal policy analysis and simulations, policy evalu-
ation and forecasting. It highlights some key differences relative to standard practice in DSGE
modelling presented by Smets and Wouters (2002), Christiano et al. (2001), Schmitt-Grohe and
Uribe (2002) and Gali et al. (2002) and in many technical aspects refers to the design of the
model of the Czech National Bank presented in the paper of Andrle et al. (2009).
In what follows, we explain in more detail and justify a few several stylized facts and features
that we want this fiscal model to capture.

Figure 2.1 : GDP Components and Growth Rates

Source: NBS, author’s calculations

2.1 Production and Trends

The major driving element of Slovak economy–export–is besides export prices and foreign
price level driven essentially by the foreign demand reflecting current and expected euro area
output gap. Although Slovakia’s GDP comes mainly from the sector of services, the industrial
sector also plays an important role within its economy. Therefore, industrial (private sector)
firms are strongly dependent on global price level as they take as given prices of their substan-
tial production inputs - imported raw materials and oil. Through these channels, the country
faces foreign demand and price shocks. This dependence of input factor is accentuated by the
design of sectoral production technology.
Following see Cuche-Curti et al. (2009) and Pytlarczyk (2005) we employ a standard approach
on non–tradable and tradable goods when describing the private sector production technol-
ogy. Firms manufacture their heterogeneous intermediate goods using a two stage produc-
tion function gradually combining physical capital, labour, energy and combine this tradable
semi-product with imported intermediate goods. Nevertheless, the export-specific technology
process results in more expensive and less efficient imports in the production and yet make
domestic intermediate goods more attractive. Production is also affected by technology shocks
and subsidies financed by the government.
Furthermore, to emphasize the role of fiscal policy in the production we let the domestic econ-
omy to operate in two sectors – productive private and unproductive public, fully financed by
the government.
In the subsequent text, referring to Andrle et al. (2009) we explain in more detail and justify a
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few stylized facts and non-standard features that we want this fiscal model to capture when de-
scribing its production side: trends in sectoral relative prices and gradual convergence towards
developed economies, increasing trade openness and large import intensity of exports.

Figure 2.2 : Long-Run Trends

Source: EUROSTAT, author’s calculations

Trends and Shares
Realistic policy simulations and forecasting require model to treat properly long-run trends of
key variables, describe the medium-run behaviour of the economy and capture its business
cycle. Therefore a proper definition of the balance growth path is necessary. Slovakia as a typi-
cal emerging economy faces more often large structural shocks during its gradual convergence
than its more developed counterparts (see Figure 2.1) and trend-cycle interactions observed in
the data cannot be omitted. Therefore Andrle et al. (2009) suggests not to blindly rely on fil-
tering techniques (e.g. using standard Hodrick-Prescott filter) that would removes trend-cycle
interactions and modify the business cycle dynamics of the data leads to inconsistency in data
dynamics and hence invalidates the assessment of policy simulations and forecasting. Instead
of it we rather prefer the endogenous filtration of the observed data. Long-run trends in sectoral
relative prices and the evolution of expenditure shares determine the definition of the model
balanced growth path. Concerning the medium-term nominal expenditure shares we assume
their constancy in the steady state as they gradually approach the targeted ratios of key en-
dogenous variables in the developed small open economies. However, this specification still
allows the model to include the long–run trends in sectoral relative prices.

Figure 2.3 : Import and Export Shares in V4

Source: EUROSTAT, author’s calculations

Thus we define a balanced growth path of the multi-sectoral model of the economy such that
the nominal quantities of Slovak macroeconomic variables are cointegrated, which is perfectly
consistent with our observation of data (Figure 2.2 shows that nominal expenditure shares are
apparently more stable than the real shares). On the other side, under the constancy of nominal
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expenditure shares different growth rates of real quantities go hand in hand with different
trends in relative prices (Figure 2.2).

Trade Openness
The issue of overall increasing trade openness is a common experience in former-communist
small open Central European economies (Figure 2.3). In last two decades they have undergone
a transformation process, many structural reforms, huge inflow of foreign direct investment,
integrated into Euro-Area (and, in case of Slovakia, became a member of the Euro Area) and
started to catch up with more developed Western economies – hence, a substantial real appreci-
ation is a fundamental symptom of the gradual convergence (see Figure 2.1). The excessive im-
ports are tightly connected with the country’s trade openness since they are driven by heavily
import-intensive exports and in past it used to be also associated with massive capital inflows
to the production process.
Employing a standard approach, a disproportionate long-run growth trade volumes with re-
spect to output growth leads to an inconsistency with the balanced growth path. Simulta-
neously, we are unable to explain the evolution of foreign demand, export, import, and their
prices using the standard framework of the balanced growth path with both the nominal expen-
diture shares and volumes constant since it would lead to serious bias in filtering, estimation,
policy simulations or forecasting (see Figure 2.2). Hence, with our definition of the balanced
growth path we keep nominal shares constant and allow for excessive real growth of trade vol-
umes (export, import and foreign demand) relative to domestic output in the long run. As we
offset by the evolution of export prices in the opposite direction the permanent effects of this
trade-specific technology thus allow for consumption-based real exchange rate appreciation in
the long run.

Figure 2.4 : Comodity structures of Exports and Imports

Source: NBS, author’s calculations

As Andrle et al. (2009) suggests the world import growth rate is on average higher than the
growth rate and so there is an observed wedge between the real (measured in volumes) growth
rate of trade and value added. The trend in trade significantly exceeds the trend in value added
because it is not just value added that is traded. He approximates the trade growth rate by a
quadruple of the year-on-year GDP growth rate.
Evidently the assumption of constant steady-state nominal expenditure shares is contradictory
to trend observed in data (see Figures 2.3, and 2.1). Since this is a single-country small open
economy model, be cannot solve this problem by adding another endogenous trend. There-
fore following Andrle et al. (2009), we introduce an exogenous openness technology to explain
the trend in the nominal expenditure share of trade in value added and employ it when han-
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dling the observed data. Furthermore, since Slovakia has during last two decades experienced
a transformation process and faced many structural reforms it has become not only consider-
ably more open economy but it significantly changed the composition and quality of its export
product. Hence, replicating the approach of Andrle et al. (2009) we launch the quality stochas-
tic process that enables us to describe the periods of growing exports despite raising relative
export prices and modest foreign demand (measured by foreign imports) and so or captures
increasing quality of exported goods.

Figure 2.5 : Yields and Inflation Rates

Source: Eurostat, author’s calculations

2.2 Debt Premium and the Absence of Monetary Policy

Slovakia is a member of monetary union from January 2009 - therefore, it does not govern its
own monetary policy and so it takes as given the baseline risk-free ECB interest rate. Therefore
to account for the country’s fiscal policy credibility and public debt long-term sustainability
we give up the usual idea of risk-free government bonds and allow for the risk premium on
domestic bonds. Several studies (e.g. Erceg and Linde (2011) and Benk and Jakab (2012)) have
recently considered the country’s fiscal policy credibility and allow interest rate spreads to
depend endogenously usually on past government debt, lagged primary deficit, or their devia-
tions from the desired target levels. We go further and instead of measures of past fiscal stance,
introduce the design of the risk premium that reflects the forward-looking investors expecta-
tions about evolution of the future debt-to-GDP on a certain time horizon. Recent recession
and financial and debt crisis particularly show us the usefulness of this concept. Even Bi and
Leeper (2013) relax from the originally assumed government ability to repay its debt fully and
depending on effective fiscal limit allow partial default which is in turn directly reflected by
the interest charged by the government borrowers – households.
Concerning interest rate on foreign liabilities we penalise excessive private indebtedness by the
risk premium. Additionally, the spread between foreign and domestic liabilities is augmented
by the country-specific risk premium1 charged by the foreign investors. 2.6).
Similarly from January 2009 the nominal exchange rate between Slovakia and the rest of Euro-
Area is fixed. Since we assume that from 2009 domestic and foreign inflation targets coincide,
there is no room for the long-run trend in the real exchange rate appreciation. On the other
hand side, in case of the independent monetary policy (pre-2009 era) the nominal exchange
rate appreciates in the long run as we observe from the data (see Figure 2.6). Inflation target

1Consistency of the country-specific risk premium with the rest of the model is achieved by employing the
uncovered interest parity condition to determine its steady-state value.
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Figure 2.6 : Real and Nominal Exchange Rates and Terms of Trade

Source: NBS, author’s calculations

determines the common equilibrium long-run trend growth rate of all nominal prices of goods
and factor inputs in model economy. We assume that after 2009 due to common monetary
policy domestic and foreign inflation coincide. Hence, the steady–state inflation rate is taken
from the long-term inflation target and set to be 2% annually.

2.3 Fiscal Policy and Rules

Since the conduct of fiscal policy in Slovakia is constrained by a set of domestic and Euro Area
rules, the model has to reflect this. The literature on the design of fiscal policy rules design is
rather extensive. Models with very parsimonious fiscal sector usually assume balanced budget
rule and zero debt in the steady state. Nowadays this approach is not very helpful indeed,
especially if the model is focused on simulations of various fiscal policies and the fiscal consol-
idation is due to high debt needed (see Figure 2.7).
We want our model to be realistic so we assume a positive debt/GDP ratio in the steady state.
After all, this assumption implies budget balance surplus which is far from observed data (see
Figure 2.7). Therefore, to bring the model to the data we violate the Euler condition and mod-
ify the uncovered interest parity to have in the steady-state positive simultaneously both the
government budget deficit and public debt – consistently with our observations – while having
current account surplus and positive external debt2.
Within this model government levies taxes on household consumption, labour income and
capital. On the other side, government supplies transfers for households, finances public sector
wage bill, purchases goods and services and invests to build gradually public infrastructure.

Fiscal Rules
It is standard to build in Taylor–like style reaction functions that respond to deviations of pub-
lic debt or deficit from their target levels or various output gap measures. For example, Kremer
(2004) uses a counter-cyclical fiscal policy rule that allows the deficit to deviate from target in
proportion to the impact of automatic stabilisers while any additional impact on the deficit,
for example on interest expenditure, has to be offset through adjustments of government con-
sumption or taxes. In Forni et al. (2007) and Erceg and Linde (2011) rules for tax rates take into

2Technically, we introduce a stationary and persistent wedge into interest rate charged on domestic debt. This
is highly desirable since the equilibrium rate determined by the Euler equation under non-zero inflation target and
long-run aggregate growth is significantly higher than the data-based calibration of nominal rate and the time-
discount parameter.
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Figure 2.7 : Public Debt and External Debt

Source: NBS, author’s calculations

consideration the deviation of the public debt–to–GDP or debt target from their equilibrium
levels.
Moreover, Forni et al. (2007) reflect that government usually does not uses cuts in expendi-
tures to consolidate. On the other hand, Stork et al. (2009) and Canzoneri et al. (2006) use
expenditure-based rules arguing that changes in tax rates require a change in legislation which
can be very inflexible. However, there is little empirical support for Taylor-type rules for fiscal
policy in Slovakia. Therefore, we model fiscal adjustment in a way that reflects the common
practice whereby the government reacts to a no–policy–change scenario by setting a headline
deficit target (accounting for general equilibrium effects in a rather imperfect manner), which
determines the amount of desired fiscal consolidation. This amount is then allocated to differ-
ent revenue and expenditure items. The fiscal consolidation rule takes into account primarily
the debt-to-GDP and the deficit-to-GDP, both in terms of the corresponding gaps (the differ-
ence of the current ratio from the current target ratio) and trends (the difference of the current
ratio from the previous ratio).

Impact of Government Spending on Households and Firms
Referring to Forni et al. (2007) Cavallo (2005) and Papageorgiou (2014) we introduce the unpro-
ductive public sector which is fully financed by the fiscal authority. Using public sector labour
force, public investment and social transfers in kind they produce public goods.
We allow government spending on public goods production to interact with households con-
sumption and following Leeper et al. (2015) and Papageorgiou (2014) extend their utility func-
tion to include public goods supplied to all households free of charge. However, as Leeper et al.
(2015) remarks since Ricardians and Non-Ricardians have different propensity to consume pub-
lic goods, the overall picture after increasing government spending on public goods becomes
core complex: while Non-Ricardians with a lack of resources gain from their substitutional
nature and increase their wealth, complementarity essence in case of Ricardians comes out of
reduced private investment in the long-run. Apart from this specific feature, in consistence
with our observation of data the utility function of households has a standard consumption-
labour separable form.

10



Fiscal Policy Matters
New DSGE Model for Slovakia

3 Model Scheme
The model is a medium-scale DSGE model tailor-made to model developments in the Slovak
economy. In what follows, we explain in more detail and justify a few technical solutions that
make the model internally consistent and sketch the baseline model leading equations.

3.1 Production and Technologies

The domestic economy is formed by the productive private and unproductive public sector. We
employ a standard approach on non–tradable and tradable goods when describing the private
sector. Tradable intermediate goods made from domestic inputs is combined with imported
intermediate goods to produce final goods. The model design enables us to capture typical
signs of converging small open economies – observed wedge between the value added and
the real growth rate of trade (volume of exports and imports), increasing trade openness and
real exchange rate appreciation. Furthermore, to describe better the price-setting mechanism in
the economy and to explain cross-country and cross-sector inflation differentials we allow for
monopolistic competition in production of semi-final intermediate goods, exports and imports.
Aggregated profits are then rebated to firm owners - domestic households. Hence, within the
two–stage private sector production structure, we distinguish between these types of firms:
• Intermediate Goods Firms

– Producers operating on monopolistically competitive market create differentiated
intermediate goods from capital, labour and energy inputs, and combine them to
homogeneous packages to be used in the production of final goods.

– Importers transfer and aggregate differentiated imported goods into uniform bun-
dles thereafter employed in production process.

• Final Goods Firms (Retailers) create goods that is sold to domestic or foreign agents. It is
produced combining packages supplied by domestic producers with imported goods:

– Final goods bought by domestic subjects is manufactured in a perfectly competitive
environment and it either consumed by households and government, or invested.

– Exported to foreign economy are produced in a monopolistically competitive envi-
ronment in order to emphasize its complex price-setting and the import intensity.

At this stage the model is enriched by features that introduce the wedge between real
growth rates of trade and domestic economy.

3.1.1 Intermediate Firms

Producers
There is a continuum of domestic intermediate goods producers indexed by i ∈ [0,1] who pro-
duce differentiated goods using the same two–stage combined CES and Cobb-Douglass tech-
nology. Each firm i gradually merges the capital stock K p

t (i), labour force H p
t (i) hired from

domestic households and energy Et(i) to produce their specific intermediate goods xt(i)

Xt(i) = at

{
α

1/σe
e [Et(i)]1−1/σe +(1−αe)

1/σe [XKH
t (i)]1−1/σe

} σe
σe−1

, (1)

XKH
t (i) = φ

sub,p
t [K p

t (i)]
σk [AtH

p
t (i)]

1−σk , (2)

where at and At are the stationary total factor productivity shock and the non-stationary labour–
augmenting stochastic process, respectively. Furthermore, the production technology is en-
riched by the term φ

sub,p
t depicting the impact of government subsidies3 Subp

t supplied cost-
lessly to private sector firms.

3Since our observations on direct role of public subsidies in the production sector are scarce we prefer this shock-
like functional form, φ

sub,p
t = αφ sub,p [1+ 2

π
arctan Ŝub

p
t ]. However, Papageorgiou (2014) and Leeper et al. (2015) model

the public capital entry to the production function in the way that makes it to be effective in the model steady state.
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Hence, each producer chooses the amount of inputs (capital, labour and energy) to minimize
the cost of production Rk

t K p
t (i) +W p

t H p
t (i) + PE

t Et(i) subject to (1)–(2). The resulting optimal
input-output ratios will be identical across intermediate goods firms. Thus the firms’ marginal
(and also average) costs are independent of the intermediate good produced and are given by

QX
t (i) = QX

t = a−1
t
{

αe[PE
t ]1−σe +(1−αe)[QKH

t ]1−σe
} 1

1−σe , QKH
t =

1

φ
sub,p
t

[RK
t ]

σk [W p
t ]

1−σk

σ
σk
k (1−σk)1−σk

. (3)

Next, employing the CES aggregation individual varieties are costlessly transformed into ho-
mogeneous composite bundle. This bundle Xt is then sold for further production of consump-
tion, government, investment and export final goods. The aggregation takes the form of

Xt =

{∫ 1

0
[Xt(i)]

θ x
t di
}1/θ x

t

, and Xt = Xc
t +X i

t +Xg
t +X f

t .

Therefore the cost minimizing demand of retailer for producers’ specific goods Xt(i) given the
aggregate price index Px

t satisfies the following relationship

Xt(i) =
[

PX
t (i)
PX

t

]− 1
1−θx

t
Xt with PX

t =

{∫ 1

0

[
PX

t (i)
] θX

t
θX
t −1 di

} θX
t −1
θX
t

. (4)

The stochastic parameter (1−θ x
t )
−1 represent the elasticity of substitution among differentiated

intermediate products and θ X
t = θ X + η

θX
t contains zero mean stochastic elements η

θx
t . The

monopolistic competition in the intermediate goods market gives rise to a Phillips Curve with
Calvo-style with indexation to the sectoral average price level. The desired markup remains
constant but due to price rigidities the actual markup fluctuates.4

Importers
We form the world as the continuum of countries. Following Andrle et al. (2009) importers
create on zero-profit basis their specific packages Mt(i) of diverse imported goods from homo-
geneous bundles of exported goods from foreign economies. Since importers share identical
production technology and common technology parameters and trends

Mt(i) = η
M
t

{∫ 1

0
[ω∗t (z̃)]

θm
t −1
θm
t dz̃

} θm
t

θm
t −1

, (5)

where θ m
t is the time-varying elasticity of substitution between each pair of bundles from dif-

ferent countries and ω∗t (z̃) is the package of the exports from the z̃-foreign economy. Above ηM
t

denotes a common stationary stochastic shock. These importer-specific composites are bundled
into homogeneous package and employed in the production by domestic final goods retailers
and exporters. Thus we define sector-wide imported intermediate goods production as

Mt =
∫ 1

0
Mt(i)di = Mc

t +Mi
t +M f

t . (6)

Consequently exporters compete only within the country while aggregate bundles compete
among countries. The cost-minimisation problem of importers implies the subsequent rela-
tionship between their marginal (and average) costs QM

t and country effective exchange rate
i.e. the price of foreign economy goods evaluated in domestic currency

QM
t = P∗t /η

M
t = StP∗t /η

M
t . (7)

4In the log–linear version of our model, the serially uncorrelated zero mean price mark–up shocks η
θX
t can be

interpreted as a cost-push shock to production price inflation.
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3.1.2 Final Good Firms

Retailers create goods that is sold to either domestic or foreign subjects.

Exporters
Exporters operate in the monopolistically competitive environment and employ the identical
production technology. They combine the bundle of domestic intermediate goods with the
bundle of imported intermediate goods in order to produce their goods,

∫ 1

0
Ft(i)di = η

F
t

[
α

1/σ f
f

(
M f

t

)1−1/σ f
+(1−α f )

1/σ f
(

X f
t aX

t

)1−1/σ f
] σ f

σ f−1

, (8)

where ηF
t is a common technology stochastic process. The corresponding nominal marginal

costs are identical across firms and satisfy the subsequent relationship:

QF
t =

(
η

F
t
)−1
[
α f
(
PM

t
)1−σF +(1−α f )

(
PX

t /aX
t
)1−σ f

] 1
1−σ f . (9)

Following Andrle et al. (2009) here we introduce another export-specific technology shock aX
t

that results in more expensive and less efficient imports in the production. It drives the wedge
between the trade growth rate and the value added and its variation has a strong and perma-
nent impact on the sources of the real exchange rate appreciation in the long run.
The total amount of goods for export Ft is directly determined by the exogenous foreign aggre-
gate demand function driven by the terms of trade, PF

t /P∗t :

Ft =
(
PF

t /P∗t
)−σ∗t

Ω
∗
t . (10)

Above, σ∗t = σ∗+ησ∗
t the time–dependent foreign elasticity of substitution among the differen-

tiated goods exported to foreign economy with ησ∗
t i.i.d. normal and PF

t and P∗t symbolise the
export price index and foreign economy aggregate price index, respectively both expressed in
foreign currency . Next, Ω∗t represents the foreign aggregate demand for final goods. Within this
model, it is understood as the total volume of world trade as expressed by imports of Slovakia
main trading partners. As foreign demand and export grow with the same pace, terms of trade
remain stationary.

Domestic Final Goods
Perfectly competitive combine the bundle of domestic intermediate goods with the bundle of
imported intermediate goods in order to produce a certain type final goods Zt utilized by do-
mestic households and government: consumption goods Ct , investment goods It and govern-
ment purchase goods Gt :

Zt =

 ηZ
t

[
α

1/σz
z

(
Mz

t /aX
t
)1−1/σz +(1−αz)

1/σz
(
XZ

t
)1−1/σz

] σz
σz−1

, Z ∈ {C, I} ,
ηG

t XG
t , Z = G .

(11)

Above, ηZ
t is a sector–specific common technology stochastic shock and aX

t is an export-specific
technology shock. Furthermore, in consistence with our observation of national accounts we
assume that production of government purchase goods does not require imports. The nom-
inal price of domestically utilized final goods of type Z charged to domestic households or
government equals

PZ
t =


(
ηZ

t
)−1
[
αz
(
PM

t aX
t
)1−σz +(1−αz)

(
PX

t
)1−σz

] 1
1−σz

, Z ∈ {C, I} ,
PX

t /ηG
t , Z = G .

(12)
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The impact of the export-specific technology shock aX
t on the attractiveness and preference of

domestic inputs is evident – increase in aX
t implies higher effectiveness and productivity of

domestic intermediate good bundle in the production process.
Finally, we assume that demand for investment goods is determined by Ricardian households
(private investment) and government (public investment) and investment goods producers do
not distinguish between them. Therefore,

It = Ih
t + Ig

t . (13)

3.1.3 Price Setting

Intermediate goods firms, exporters and importers have market power and set prices for their
outputs. Furthermore, as their production for different final usage is mutually independent, the
same holds for the policies they adopt when pricing their intermediate goods for each specific
final usage separately. Notice that exporters are assumed to price their product in the currency
of the customer. Hence each firm maximizes its expected profits using a stochastic discount
factor applied by firm’s stakeholders (domestic Ricardians) ρ̃t|t+k = βρt|t+k = β

λt+k
λt

:

Ψ
Z
t =


(

P̃Z
t −QZ

t

)[
P̃Z

t /PZ
t

]− 1
1−θ

z
t Zt , Z ∈ {M,X} ,(

St P̃F
t −QF

t

)[
P̃F

t /PF
t

]− 1
1−θ

f
t Ft , Z = F .

Above, identical sectoral marginal costs allow us to suppress the firm–specific index i and
denote the nominally valued optimal price as P̃Z

t , Z ∈ {X ,M,F}. Pricing is according to Calvo
(1983) with the share of χz of the non-optimizers who stick to the price chosen in the previous
period. Profit maximization results in the following first–order condition:

0 =
∞

∑
k=0

χ
k
z Et

ρ̃t+k|tZt+k

[
P̃Z

t

PZ
t+k

]− 1
1−θZ

t+k

[
QZ

t+k|t

1−θ Z
t+k
−

θ Z
t+k

1−θ Z
t+k

P̃Z
t

] . (14)

The aggregate price dynamics exhibits the following dynamic:

PZ
t =

{
(1−χZ)

[
P̃Z

t

] θZ
t

θZ
t −1 +χZ

[
PZ

t−1

] θZ
t

θZ
t −1
} θZ

t −1
θZ
t , Z ∈ {X ,M,F} . (15)

To a first-order approximation, the inflation ΠZ
t evolve as subsequently:

Π̂
Z
t =

β

1+β
EtΠ̂

Z
t+1 +

1
1+β

Π̂
Z
t−1−λZ[P̂Z

t − Q̂Z
t ]+η

θ Z

t , λZ =
(1−χZ)(1−β χZ)

χZ(1+β )
. (16)

The Phillips curves of consumption, investment and government purchase price inflation are
the weighted averages of imported and domestic inflation adjusted by change in aX

t ,

Π̂
C
t =−∆η̂

C
t +αc(Π̂

M
t +∆âX

t )+(1−αc)Π̂
X
t , Π̂

G
t =−∆η̂

G
t + Π̂

X
t ,

Π̂
I
t =−∆η̂

I
t +αi(Π̂

M
t +∆âX

t )+(1−αi)Π̂
X
t .

(17)

The aggregate profits of all the producers, exporters and importers are given as the weighted
average of the respective profits of optimizers and non-optimizers5,

Ψ
Z
t =

{
(1−χZ)

[
P̃Z

t −QZ
t
](

P̃Z
t /PZ

t

)− 1
1−θZ

t +χZ
[
PZ

t−1−QZ
t
](

PZ
t−1/PZ

t
)− 1

1−θZ
t

}
Zt , (18)

with Z ∈ {X ,M,F}. Then the overall profits are Ψt = ΨX
t +ΨF

t +ΨM
t .

5In order to evaluate the profit of exporters express prices in domestic currency, use StPF
t and St P̃F

t in (18).
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3.1.4 Public Sector

Following Forni et al. (2007) and Papageorgiou (2014) we introduce public sector firms oper-
ating in a perfectly competitive environment. They combine household labour input Hg

t with
public capital Kg

t to produce homogeneous output consumed by households. Two other pro-
cesses enter public goods production process: the stationary productivity shock ηcg

t and the
term φ

sub,g
t evaluating the impact6 of government subsidies Subp

t on public goods production.
Therefore, public goods are produced using the following Cobb-Douglass type technology

Cg
t = η

Cg

t φ
sub,g
t

[
Kg

t
]σg
[
AtH

g
t
]1−σg . (19)

In contrast to private sector, public sector firms do not optimize their production factor quan-
tities as both the public sector labour input and infrastructure are determined by fiscal rules.
As suggested by Cavallo (2005) public goods produced by public sector firms is consumed by
different types of households in quantity given by the government.

3.2 Households and Labour

There is a continuum of infinite lived households of measure one indicated by index j ∈ [0,1]
maximizing their intertemporal utility function subject to a budget constrain. Households are
of two types – Ricardians with share of 1−λ , and Non–Ricardians with share of λ .
Similarly to Cavallo (2005) and Leeper et al. (2015) the utility function is extended to include
public goods. These are supplied to all households free of charge by the government help
the Non-Ricardians with a lack of resources to increase their welfare. We set up the effective
consumption Cτ

t of household j of type τ ∈ {r,n} reflecting that Ricardians and Non-Ricardians
have different propensity to consume public goods, as follows:

Cr
t ( j) =Cr

t ( j)+ γ
rCg

t , Cn
t ( j) =Cn

t ( j)+ γ
nCg

t , γ
r,γn ∈ (−1,1) . (20)

Here, as suggested by Papageorgiou (2014) parameters γr, γn determine the nature of the rela-
tionship (substitutional, complementary) between public goods consumption and private con-
sumption. We assume habit persistence in consumption as in Fuhrer (2000). Household j of
type τ ∈ {r,n} utility depends positively on effective consumption level Cτ

t ( j) measured rela-
tively to lagged aggregate effective consumption index Ct−1 which is common for all house-
holds and modulated by habit persistence factor κc ∈ (0,1) and habit formation shock εκ

t .
Hence, at time t household j of type τ ∈ {r,n}maximizes their intertemporal utility function

max Et

∞

∑
k=0

β
k log

[
Ct+k(Cτ

t+k( j))
]
Ht+k(Ht+k( j)) , τ ∈ {r,n}

where Ct(Cτ
t ( j)) =Cτ

t ( j)− exp{εκ
t }κcCt−1 , Ht(Ht( j)) = ϕ

L
t ζ

h(1+νh)
−1Ht( j)1+νh ,

(21)

subject to their budget constraint and in case of Ricardian household also subject to physical
capital accumulation law. Above, β ∈ (0,1) is the time–discount factor. Moreover, ϕL

t is a
demand shifter that affects the intratemporal trade–off between their consumption and labour.
Households supply differentiated labour services to domestic firms so they have market power
in setting their wages.

3.2.1 Non–Ricardians

We assume that in each period Non– Ricardian agents consume their current disposable income
(i.e. the after–tax real income adjusted by the nominally valued lump–sum transfers Trn

t ). They

6Since our observations on direct role of public subsidies in the production sector are scarce we prefer shock-like
functional form, φ

sub,g
t = αφ sub,g [1+ 2

π
arctan Ŝub

g
t ].
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face the budget constraint

(1− τ
w
t )Wt( j)Ht( j)+Trn

t = (1+ τ
c
t )P

C
t Cn

t ( j) . (22)

Since there’s no intertemporal optimization present the liquidity-constrained households can-
not smooth their consumption over time.

3.2.2 Ricardian Households

At time t any Ricardian household j maximizes their intertemporal utility function (21) subject
to household budget constraint and physical capital accumulation law.

Household Budget Constraint
The j-th Ricardian household faces the following nominal budget constraint:

(1−λ )[(1− τ
w
t )Wt( j)tHt( j)+Trr

t ]+ (1− τ
k
t )
[
Rk

t Kh
t−1( j)ut( j)+Divt

]
≥
[

Debtt
Rd

t
−Debtt−1

]
−St

[
FDebtt( j)

R f
t

−FDebtt−1( j)

]
+(1+ τ

c
t )(1−λ )PC

t Cr
t ( j)+Pi

t Ih
t ( j)+PC

t ψ(ut)K
h
t−1( j) .

(23)

The financial wealth inherited from the previous period is represented by a portfolio of one–
year net domestic bonds and foreign liabilities (Debtt−1 − StFDebtt−1). The after–tax labour
based nominally–valued income from renting labour service (1− τw

t )WtAt( j)Ht( j) is raised by
the net transfers Trr

t . Next, (1− τk
t )R

k
t Kh

t−1( j)ut( j) is the after–tax income from renting physical
capital stock installed with the effective rate of utilization ut( j) and rental rate Rk

t . The term
(1−τk

t )Divt are net dividends distributed from the profits Ψt of producers reduced by the factor
income of Ricardians. Ricardian households invest into securities with discount returns Rd

t and
R f

t respectively. Furthermore, they make a purchase decision about their private consumption
goods PC

t Cr
t and investment goods PI

t Ih
t . The household’s decision is affected by physical capital

adjustment costs induced by variations in the degree of capital utilization ψ = ψ(ut) per unit of
physical capital as discussed by Christiano et al. (2001). 7

Capital Accumulation Law
As in Christiano et al. (2001) the Ricardian household j owns and accumulates the overall
physical capital stock according to the following equation

Kh
t ( j) = (1−δ )Kh

t−1( j)ηA
t + Ih

t ( j)
[
exp{ζ i

t }−ϒ
h
(

ξ
i,h
t Ih

t ( j)/Ih
t−1( j)

)]
, (24)

where ηA
t = At/At−1 denotes the growth rate of the exogenous nonstationary technological pro-

cess At and ϒh represents the quadratic investment adjustment costs designed as follows:

ϒ
h
(

ξ
i,h
t Ih

t /Ih
t−1

)
=

φi,h

2

[
(ξ i

t /ηA)(Ih
t /It−1)−1

]2
. (25)

Then, ϒh(·) = (ϒh)′(·) = 0 and (ϒh)′′(·) > 0. Above, φi,h is the adjustment costs scaling parame-
ter and ηA is the steady-state growth rate of the nonstationary technology process At launched
in production function of intermediate firms (1)–(2). Next, the efficiency with which the final
investment goods can be transformed into physical capital and thus into tomorrow’s capital
input is affected by the exogenous variation investment shock η i

t which is an i.i.d. random
variable following a stochastic process ζ i

t ∼N (0,σ2
i ). The adjustment cost depends on devia-

tions in investment flow and reflects the time–to–build dimension to the capital accumulation
procedure.

7Various models e.g. Forni et al. (2007) or Stork et al. (2009) introduce an additional type of symmetric quadratic
adjustment costs incurred if the aggregate nominal wage deviates from the steady state path. Furthermore, we use
a simple form of cost to capital utilisation rate function ψ(ut) = ρΨ

1
[
exp{ρΨ

2 (ut −1)}−1
]
.
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3.2.3 Labour Market

Labour Supply and Labour Demand
We assume the labour force of all households to be uniformly distributed among the differenti-
ated firms in both sectors and employers not distinguishing between them. Private and public
sectors are not perfectly substitutable in the labour market and household utility function, i.e.
hours are not costlessly interchangeable across these two sectors.8 Hence any household di-
vides their labour services with finite elasticity of substitution σh between the firms in both
sectors according to the following labour supply composite:

Ht =
{
(αH)

1/σH
[
H p

t
]1−1/σH +(1−αH)

1/σH
[
Hg

t
]1−1/σH

}σH/(σH−1)
. (26)

Following Cavallo (2005) and Forni et al. (2007) we describe the public sector labour market
as a perfectly competitive and the demand for labour service supplied by any household is
determined by government following fiscal rules. Hence, the public sector wage bill (measured
relatively to do GDP) follows the AR(1)– type process

W g
t Hg

t

Yt
= (1− pwhg

t )

(
Hg

t−1W g
t−1

Yt−1

)ρwhg
[

W gHg

Y

]1−ρwhg

exp{ηwhg
t } , (27)

with the white noise process {ηwhg
t }t≥0 and consolidation driven public wage bill adjustment

pwhg
t (see Section 3.4.2). Households set their private sector wages to maximize their instan-

taneous objective function subject to the intertemporal budget constraint and the demand for
labour of type j satisfying

H p
t ( j) =

[
W p

t ( j)/W p
t
]−ϑt H p

t . (28)

with the public sector labour demand prescribed by the fiscal rules, the aggregate private sector
labour supply is given as

(1−αH)H
p
t = αH

[
W p

t /W g
t
]−σH Hg

t . (29)

Wage Setting
Households have market power in the labour market. The underlying gross real wage index
arising from household gross labour income WtHt maximization problem is as follows

Wt =
{

αH
[
W p

t
]1−σH +(1−αH)

[
W g

t
]1−σH

} 1
1−σH . (30)

Based on observations we assume that the aggregate gross nominally–valued wage rate in
the public sector W g

t partially reflects the lagged private sector nominal wage inflation Π
p,w
t−1

and the equilibrium consumption price inflation Πc while taking into account possible fiscal
consolidation–related shocks as follows:

W g
t = qw,g

t W g
t−1 + ε

w,g
t , qw,g

t ≡ (Πc)1−γw,g(Πp,w
t−1)

γw,g , ε
w,g
t ∼N (0,σ2

w,g) . (31)

Note that there is no wage optimization present in the public sector and each household works
for same amount of hours Hg

t receiving the same real gross wage W g
t regardless of whether it is

Ricardian or not.
As regards private sector wages, wage setting à la Calvo is applied on Ricardian household
labour–induced income with a share χw of wage non–optimizers considering the following real
gross wage indexation rule:

W p
t+1 = qw,p

t+1W p
t , qw,p

t+1 =
(
Π

c)1−γw,p
(
Π

c
t
)γw,p

(
Π

τc

t
)γτc(

Π
τw

t
)γτw (32)

8By contrast, Forni et al. (2007) assumed perfect substitution between public and private sectors.
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Π
τc

t =
1+ τc

t

1+ τc
t−1

Π
τw

t =
1− τw

t−1

1− τw
t

0≤ γτc ,γτw ,γw,p ≤ 1 .

Note that the wage indexation may partially reflect past changes in consumption and labour
tax rates. We assume that the Non–Ricardians’ private–sector gross wage rate simply follow
the average Ricardians private sector gross wage rate. Since they face the same demand for
schedule, in the equilibrium the wage rate and the hours worked are identical across both
groups of households. Thus, based on the wage indexation policy applied the stochastic law of
motion of aggregate private sector gross real–valued wage satisfies the relationship

W p
t =

{
(1−χw)

[
W̃ p

t
]1−ϑt +χw

[
qw,p

t W p
t−1

]1−ϑt
} 1

1−ϑt
, (33)

with the optimal nominally–valued gross wage W̃ p
t and constant real gross wages (considered

w.r.t. the consumption price level) in equilibrium regardless of the indexation rule used. Then,
the nominally–valued private sector gross wage inflation Π

p,w
t = W p

t /W p
t−1 evolves following

the Phillips curve below

Π̂
w,p
t = βEt [Π̂

w,p
t+1]+ γw,p

[
q̂w,p

t −β q̂w,p
t+1

]
+λw

[
µ̂

w,p
t +

ϑ̂t

1−ϑ

]
,

λw =
(1−χw)(1−β χw)

χw(1+ εw)
, εw = ϑ

[
α

1/σH
H

[
H p

H

]1−1/σh
(

νh +
1

σh

)
− 1

σh

]
.

(34)

Notice that µ
w,p
t symbolizes the after–tax market private sector mark–up over the marginal rate

of substitution in the private sector:

µ̂
w,p

t =−ŵp
t +

[
τw

1− τw τ̂
w
t +

τc

1+ τc τ̂
c
t

]
+
[
ϕ̂

L
t +νhĤt

]
+ λ̂ t . (35)

Above, ϑ̂t represents the cost–push shock (see Smets and Wouters (2002)) to the private sector
wage inflation observed at time t, wp

t =W p
t /Pc

t is the real-values wage in the private sector and
λ t(1+ τc

t ) is the inverse of the marginal utility of consumption.
There are four key observation that can be made in relation with the derived wage inflation
evolution regardless wage indexation strategy chosen: first of all, due to utility function chosen
there is a presence of the wealth effect - higher effective consumption needs to be financed by
higher wages. Secondly, the impact of the private sector market mark–up on private sector
wage inflation evolution is relatively smaller than in one sectoral labour market and decreases
with the higher proportion of public sector. Next, variations in public sector labour supply (e.g.
due to fiscal consolidation) affect private sector wage evolution. Finally, the degree in which
optimizing households project changes in consumption and labour tax rates in the desired
gross wage increases with 0≤ γτc ,γτw ≤ 1.

3.3 Monetary Policy and Interest Rates

Due to monetary union with the foreign (world) economy, the domestic country does not gov-
ern its own monetary policy, and so it takes as given the baseline risk–free interest rate.
In order to be able to simulate policy–relevant scenarios reflecting the domestic fiscal policy
sustainability we introduce a risk premium premd

t applied on domestic liabilities charged by the
domestic investor above the baseline ECB gross interest rate9. Risk premium premd

t captures

9The debt risk premium reflecting domestic fiscal policy conditions makes monetary policy endogenous and
thus guarantees the model solvability
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the evaluation of the fiscal policy credibility and public debt long-term sustainability (as it
evaluates the flow of current and future expected nominal public debt–to–GDP ratios):

Rd
t =Rt exp

{
premd

t +ξ
d
t

}
,

premd
t = α

d + p0[1+Pt/d̃ebt
0
] , Pt = δd [debtt/yt − d̃ebt

0
]+ (1−δd)EtPt+1 ,

(36)

with the known value of risk premium p0 is associated with a certain known debt-to-GDP ra-

tio d̃ebt
0
, and δd ∈ (0,1] associated with forward–lookingness of investor concerning about the

future debt and fiscal policy credibility (lower δd corresponds to longer time horizon consid-
ered). Furthermore, ξ d

t is the white noise process illustrating the unpredictable financial shock
to domestic securities risk premium.
Next, in order to close the model, thereby imposing a unique stationary equilibrium, the inter-
est rate on foreign liabilities must be endogenised. The nominal interest rate on foreign liabil-
ities R f

t carries a debt-elastic risk premium charged by the foreign investor above the foreign
gross interest rate R∗t ,

R f
t = R∗t exp

{
prem f

t

}
, where prem f

t = αφ f FDebt/(AtP∗t ) . (37)

Thus in order to stabilize the model high private indebtedness is penalized by augmenting
interest rates on additional borrowings.

3.4 Fiscal Authority

The public sector infrastructure Kg
t is built through public investment Ig

t by government

Kg
t = (1−δg)K

g
t−1η

A
t + Ig

t

[
exp{ξ i,g

t }−ϒ
g
(

ξ
i,g
t Ig

t /Ig
t−1

)]
, (38)

where ηA
t = At/At−1 denotes the growth rate of the exogenous nonstationary process At and ϒg

are the quadratic investment adjustment costs designed in a similar way as in (25). Further-
more, government purchase of goods is of two types: the productive subsidies Subp, and social
transfers in kind Subg are returned back to economy and the unproductive part is consumed by
the government:

Gt = Gc
t +Subp

t +Subg
t . (39)

3.4.1 National Accounting

The government levies and collects various taxes imposed on firms and households to finance
their expenditures:
• a fraction of them is put back to the economy in the form of infrastructure, subsidies

and social transfers in kind: public capital acting in public sector is gradually built from
government investment Ig

t ; whiled subsidies Subp, and social transfers in kind Subg are
used to support production in both sectors;
• a part of them is used to finance public wage bill W g

t Hg
t and contributes to utility of house-

holds in the form of transfers for Ricardians Trr and Non-Ricardians Trn;
• and the rest is unproductive consumption.

Hence the nominally–valued budget primary deficit is De ft = Expt −Revt with

Expt = PG
t Gt +PI

i Ig
t +W g

t Hg
t +PC

t Trt

Revt = ∑
α∈{c,k,w}

τ
α
t Φ

τα

t , Φ
τc

t =Ct , Φ
τk

t = Divt +ZtKt−1ut , Φ
τw

t =WtHt .

Taking into account the interest payments with the gross discount return Rb
t associated with the

debt service, the authority issues new nominally–valued public debt:

Debtt = Rd
t (Debtt−1 +De ft) . (40)
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3.4.2 Fiscal Rules

We postulate specific reaction functions for each type of government expenditures and taxes.
Each item nominally valued expenditure item Xt (tax rate τt) of the government budget has been
assigned its pre-consolidation value X t (τ t) following the corresponding AR(1)-type process:

PX
t X t

Yt
=

[
PX

t−1Xt−1

Yt−1

]ρx [PX X
Y

]1−ρx

exp{ξ x
t } , τ t = τ

ρτ

t−1τ
1−ρτ exp{ξ τ

t } . (41)

Pre–consolidation budget expenditure items X t are considered with their corresponding prices
and measured relatively to current domestic nominal output Yt . The pre–consolidation pre-
scriptions of tax τ t revenues consider also the corresponding nominally valued tax base Φτ

t
expressed relatively to domestic output. These pre–consolidation variables generate the corre-
sponding primary deficit De f t gradually accumulated into the public debt10

Debtt = Rd
t
(
Debtt−1 +De f t

)
. (42)

Next we establish the correction functional Ct evaluating the level of necessary consolidation
(as a change in nominal primary budget deficit measured relatively to GDP calculated using
pre–consolidation nominal values of all budget items) necessary to achieve gradually the de-
sired debt–to–GDP d̃tar

t and primary deficit–to–GDP b̃tar
t levels using debt–to–GDP and pri-

mary balance–to–GDP gaps (deviations of the debt-to-GDP and balance-to-GDP from the cor-
responding target) and trends (changes in debt-to-GDP and deficit-to-GDP ratios from the last
period values)11

Ct = a
Ω̃

sgn
(

Ω̃t

){
sgn
(

Ω̃t

)
Ω̃t +a∆Ω∆Ωt +a

δ̃
sgn
(

δ̃t

)[
sgn
(

δ̃t

)
δ̃t +a∆δ ∆δt

]}
+ ε

C
t ,

Ω̃t =
Debtt

Yt
− d̃tar

t , ∆Ωt =
Debtt

Yt
− Debtt−1

Yt−1
, δ̃t =

De f t

Yt
− b̃tar

t , ∆δt =
De f t

Yt
− De ft−1

Yt−1
.

(43)

The initial public debt and deficit are adjusted to their post–consolidation counterparts,

De ft = De f t −Ct , and Debtt = Debtt −Rd
t Ct

providing that all budget items are modified as follows:

Xt = (1− pX
t )X t , px

t = Qx
t

1−Qt

∑
x
Qx

t X t
Ct , τt = (1+ pτ

t )τ t , pτ
t = Qτ

t
Qt

∑
τ

Qτ
t τ tΦ

τ
t
Ct . (44)

The parameter Qt is the given (possibly time–dependent) percentage adjustment on the rev-
enues side, Qx

t (Qτ
t ) denotes the prescribed percentage change in the budget expenditure (rev-

enue) item X (τ) that has to be made in order to achieve the consolidation effort determined by
(43). Moreover, px

t (pτ
t ) represents the percentage correction in the initial setting of the item x (τ)

determined by the consolidation process. Therefore, providing that budget items follows rules
prescribed by (44), they act as debt stabilizers.

10Here we prefer Rd
t to Rd

t as the risk premium on public debt takes into consideration the debt evolution. There-
fore variations in the risk premium due to changes in debt evolution represent another aspect that is taken into
account in the fiscal consolidation process.

11Notice the presence of i.i.d. fiscal shock process εC
t ∼N (0,σ2

C ) that allows the government to design its own
policy, and directly affect primary balance regardless of the given consolidation procedure.
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3.5 Closing the model

Resource Constraints
Market clearing for intermediate goods, imports and demand for investment goods requires

Xt = XC
t +X I

t +XG
t +XF

t , Mt = MC
t +MI

t +MF
t , It = Ig

t + Ih
t

Furthermore, domestic households consume all public and private consumption goods pro-
duced in the domestic economy and are the exclusive uniformly distributed suppliers of labour
services in both sectors:

Ct = (1−λ )Cr
t +λCcn

t , Ct = (1−λ )Cr
t +λCn

t .

Concerning the labour market, within the public sector all households supply the same labour
and receive the same wage,

Hg,n
t ( jn) = Hg,n

t = Hg
t = Hg,r

t = Hg,r
t ( jr) , jn ∈ [0,λ ] , jr ∈ (λ ,1] .

Next, since Non–Ricardians facing the same labour demand as Ricardians set their private
sector wage equal to Ricardians’ aggregate private sector wage, it holds that

H p,n
t ( jn) = H p,n

t = H p,r
t = H p

t , jn ∈ [0,λ ] .

Finally, aggregate demand is given by the following resource constraint:

Yt = PC
t Ct +PI

t It +PG
t Gt +T Bt +W g

t HG
t +PC

t ψ(ut)K
h
t−1 . (45)

Further Market Clearing Conditions
The overall resource constraint implies that in equilibrium the current account (i.e. the trade
balance adjusted for the factor income of Ricardians) balance finances the net purchasing of
foreign liabilities. Therefore, the balance of payments satisfies

St
FDebtt

R f
t

= StFDebtt−1−CAt , CAt = PF
t Ft −QM

t Mt −Pe
t Et − ι

∗
t = T Bt − ι

∗
t . (46)

In a standard literature on DSGE two-country models, uncovered interest rate parity is used to
determine the nominal exchange rate. But this approach is not applicable in case of Slovakia
which is a part of monetary union. The nominal exchange rate St is exogenous and its fluctua-
tions do not reflect changes in Slovak economy. Therefore, taken the nominal exchange rate St

as given in (37) we introduce the country risk premium premsk
t that would guarantee that the

uncovered interest rate parity is always satisfied. Hence,

Rd
t exp{premSK

t }= R f
t Et [St+1/St ] . (47)

World and Exogenous Environment
In the context of this model, foreign demand Ω∗t is assumed to be tightly connected with the
volume of world trade expressed by imports of Slovakia main export partners. In order to
emphasize the dependence of imports on GDP we describe it as follows:

Ω
∗
t =

[
Ω
∗
t−1
]ρω∗

[
Ω
∗
t

]1−ρω∗
exp{ρy

ω∗(η
A,∗
t + ŷ∗t /η

A,∗)+ξ
ω∗
t } . (48)

Above, Ω
∗
t is the long-run nonstationary foreign demand.
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Since the Slovak economy is a small open, import-dependent and export–oriented economy,
the transmission of world economy shocks (world demand, oil price, baseline interest rate
etc.) into the key domestic macroeconomic variables is of the crucial importance for economic
policy. Hence in order to describe the behaviour of the foreign economy – we incorporate
stylized models of the foreign economy (an average of Euro–Zone and the rest of the world
trade partners) into our model (see Stork et al. (2009). The foreign economy model captures the
evolution of the foreign real GDP (in terms of its decomposition on the trend process A∗t and
cycle-component ŷκ

t ) and behaviour of three foreign agents: households maximizing a simple
utility subject to budget constraint, monopolistically competitive firms maximizing a profit and
set output prices following the Calvo price setting mechanism, and a monetary authority which
determines a short-term interest rate following the Taylor rule. For Euro Area and Non-Euro
Area economies denoted κ ∈ {eu,neu} respectively, we have

Y κ
t = A∗t + ŷκ

t ,

ŷκ
t = α

κ
yyŷκ

t−1 +(1−α
κ
yy)Et ŷκ

t+1−α
κ
yiEt

[
îκt − Π̂

κ
t+1

]
+ξ

κ,y
t ,

Π̂
κ
t = α

κ
ππΠ̂

κ
t−1 +(1−α

κ
ππ)EtΠ̂

κ
t+1 +α

κ
πyŷκ

t +ξ
κ,π
t ,

îκt = α
κ
iπΠ̂

κ
t +α

κ
iyŷκ

t +α
κ
ii îκt−1 +ξ

κ,i
t .
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4 Solution and Estimation
4.1 Model Stationarization

Correct model solution requires to determine its long–run dynamic properties. A balanced
growth path is understood as long-run solution of the model where all variables are either con-
stant or grow at a unique constant growth rate. Remark that even real nonstationary variables
may differ in their steady-state growth rates. Within this model, all home-economy variables
grow along a balanced growth path while foreign demand, trade and the associated relative
prices grow along a different trend. This is to reflect the fact that the Slovak economy has been
converging to its trading partners in terms of living standards. Thus, we stationarize the whole
model using the individual variables’ steady-state rates of growth.

Domestic Real Economy
The steady-state growth rate of the domestic output can be immediately deduced from the in-
termediate firms production function (1)–(2) and under the assumption of constant population
size it coincides with the steady-state growth rate η of the exogenous nonstationary technolog-
ical process At . Hence, following Adolfson et al. (2005) we denote ηA

t = At/At−1 and

η
A
t = ρηAη

A
t−1 +(1−ρηA)ηA + ε

ηA

t , η
A
t = At/At−1 , η

A > 1 , ε
ηA

t ∼N (0,σηA) . (50)

In order to stationarize the model representative quantitative variable Xt we divide it by the
nonstationary technology process At to obtain its stationary version xt =Xt/At . Relative prices in
the domestic economy (except of nominal real exchange rate, import and export prices) defined
w.r.t the consumption price are stationary.

Monetary Policy, Exchange Rates and Inflation Targets
Slovakia is a member of monetary union from January 2009 - therefore, it does not govern its
own monetary policy and it takes as given the baseline risk-free ECB interest rate. Due to fixed
nominal exchange rate between Slovakia and the rest of Euro-Area the modified UIP condition
is used to determine the country risk premium. Since domestic and Euro-Area inflation targets
coincide there is no room for the long-run trend in the real exchange rate appreciation (see
Figure 2.6). Long-run inflation target is set to be 2% annually and determines the common
equilibrium long-run trend growth rate of all nominal prices of goods (except of import and
export prices) and factor inputs in model economy.
Furthermore, to bring the model to data we violate the Euler condition and introduce a station-
ary and persistent wedge into interest rate charged on domestic debt Rd

t since the equilibrium
rate implied by the Euler equation is significantly higher than the data-based calibration of
nominal rate. Therefore, we can have in the steady-state positive primary deficit and public
debt while having current account surplus and positive external debt.

Trade Openness
A balanced growth path as defined above implies constant ratios of export and import of goods
and services on value added – which is evidently not satisfied in recent Slovak trade data
(see Figure 2.2). Therefore to treat the trade data nonstationarity properly, referring to Andrle
et al. (2009) we included in the model the export-specific process aX

t that captures the long-run
appreciation of the real economy. It drives the wedge between the growth rate of exports and
imports and the the value added (aggregate technology growth). Following Adolfson et al.
(2005) we denote ηX

t = aX
t /aX

t−1 and

η
X
t = ρηX η

X
t−1 +(1−ρηX )ηX

t + ε
ηX

t , η
X
t = aX

t /aX
t−1 , ε

ηX

t ∼N (0,σηX ) . (51)

Furthermore, we assume that the long-run growth trend η
X
t ≡ ηX > 1.
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Next, employing the approach of Andrle et al. (2009) we establish an openness process aO
t that

stands for the trend in the nominal expenditure share of trade in value added and so it helps us
to stationarize trade variable. We assume that model agents view all trade quantities already
deflated by aO

t and so it must be included only during the estimation when we need to detrend
the trade-related time series. So we decompose the original nonstationary trade variables as

Ft = AtaX
t aO

t ft , PF
t aX

t ≡ p f
t PC

t , Π
F
t = Π

f
t /η

X
t ,

Mt = AtaX
t aO

t mt , PM
t aX

t ≡ Pm
t = pm

t PC
t , Π

M
t = Π

m
t /η

X
t .

(52)

where ωt , ft , mt , p f
t and pm

t represent stationary quantities of foreign demand, export, import
and the corresponding relative prices expressed in domestic currency12. Then it holds that
their shares w.r.t. to value added are stationary.
In order to capture changes in the composition or increasing quality of exported goods fol-
lowing Andrle et al. (2009) we launch the quality process aQ

t which is used only in relating
the model to the data in the measurement equations definition. Therefore, we decompose the
foreign demand in terms of its stationary version ω∗t as follows:

Ω
∗
t = AtaX

t aO
t aQ

t ω
∗
t , ω

∗
t =

[
ω∗t−1

γX
t γ

A,∗
t

]ρω∗

(ω∗)1−ρω∗ exp{ρy
ω∗

(
ŷ∗t

γA,∗ + γ
A,∗
t

)
+ξ

ω∗
t } . (53)

Pre-2009 Model
To treat the pre-2009 data correctly we need to modify our model to capture not only the pres-
ence of the independent monetary policy but also the appreciation of the nominal and real
exchange rate (see Figure 2.6). We use a standard reaction function when describing country’s
monetary policy before 2009. Now the modified UIP condition is used to determine the evo-
lution of the nominal exchange rate which appreciates in the long run as we observe from the
data. Furthermore, to keep model simple, assume the same 2% long-term inflation target also
before 2009. Since the real exchange rate appreciation affects import and export prices, we need
to redefine the wedge between the growth rate of trade volumes and the value added. So the
decomposition of the nonstationary trade variables in (52)-(53) needs to consider also the real
exchange rate appreciation.

In order to solve the already stationarized non–linear model presented in this paper, we first
calibrate the non–linear model, determine its deterministic steady state and then derive its
(log–)linear approximation to describe its behaviour in the neighbourhood of that steady state.
Then map the solution with a matrix of observables and estimate the model using Bayesian
inference methods, following Forni et al. (2007) and Alitev et al. (2014).

4.2 Model Calibration

To calibrate the model that has been stationarized following the procedure presented in Section
4.1, i.e. to match a number of key target variables characterizing the Slovak economy, a large set
of key growth rates (domestic and foreign technology growth rates), deep model parameters in
terms of key economy ratios (public and foreign debt, GDP composites shares, fiscal variables),
labour market (employment and interaction between public and private sector) and production
(input shares), characteristics of households and foreign environment (interest rates, inflation
and exchange rate) enters the calibration exercise.

12The export price in domestic currency PF
t is nonstationary w.r.t. domestic consumption price level PC

t but the
opposite is true for the export price expressed in foreign currency, PF

t
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Due to focusing on long-run growth of the key variables, targeted ratios of key endogenous
variables and required transparency of the work have determined the analytic steady state of
the stationarized model.

Balanced Growth Path
First of all we characterise the model balanced growth path along which all model variables
are either constant or grow at some growth pace. The post-2009 period is characterised by no
monetary policy, modest GDP growth rate (but still higher than in EA14), low inflation mostly
following the Euro-Area inflation and export gradually gaining its pre-crisis shares (and then
remaining stable). These we need to account for these two different pictures when calibrating
and then estimating and simulating the model.
The pre-2009 period is in the domestic economy characterised by 4.5 percent annual aggregate
growth rate of real economy and 2 percent inflation target. We assume that volume of exports,
imports and foreign demand grow by 8 percent and the interest rate is 4 percent on annual
basis. Then, the model-consistent nominal exchange rate appreciation attains 6.9 percent per
year. The foreign economy exhibits 2 percent annual growth, 2 percent annual inflation target
and 3 percent annual interest rate.

Table 4.1 : Key Big Ratios (post 2009 period)
Variable Name Value Variable Name Value
Growth rate of SK real economy (p.a.) 3 % Growth rate of EU real economy 1 %
Growth rate of SK trade volumes 5 % Trade balance to GDP 0.04
Aggregate consumption to GDP 0.55 Current account to GDP 0.050
Aggregate demand for oil to GDP 0.08 Aggregate non-energy imports to GDP 0.81
Domestic CPI 1.02 Foreign CPI 1.02
Domestic Bonds : Gross return 1.04 ECB Rate (p.a.) : Gross return 1.02
Primary deficit to GDP 0.001 Public debt to GDP 0.4
Aggregate Export to GDP 0.94 Net foreign private debt to GDP 0.38
Government purchase to GDP 0.10 Aggregate investment to GDP 0.22
Government investment to GDP 0.035 Public-to-private sector employment ratio 0.25
Public goods to GDP 0.14 Consumption tax rate 0.15
Capital Tax rate 0.231 Trade balance to GDP 0.04
Labour Tax rate 0.39 Aggregate wage bill to GDP 0.37
Households transfers to GDP 0.14 Public sector wage bill to GDP 0.09

The post-2009 period domestic and foreign inflation targets coincide and equal 2 percent per
year. Both economies slow down having 3 percent annual growth of domestic and only 1
percent annual growth of foreign economy but the trade still grows by 5 percent annually. The
long-run (gross) return on domestic bonds reaches 4 percent annually. The exchange rate is
fixed and monetary policy exogenous.

Deep Model Parameters
Other parameters that define the post-2009 model steady state but do not determine the evolu-
tion of the steady state along the balanced growth path are set with respect to Slovak data.
We assume that in the steady state public debt and net external (private) debt attain 40 and
38 percent of GDP respectively and the current account balance is set to 0.5 percent of GDP.
The character of a small extremely open transition economy and its dependence on import
of raw materials and oil is reflected in substantial 94 percent export-to-GDP and 81 percent
non-oil import-to-GDP ratios while the trade balance attains approximately 4 percent of GDP.
The consumption-to-GDP ratio is also lower than the figure for EU-15 countries at 55 percent,
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but the 22 percent investment-to-GDP resides above the EU-15 average. Calibrations of the
well-structured fiscal sector and public goods supply are based on National Accounts13. Note
that the capital tax rate has been set so that the primary deficit is consistent with the set steady-
state debt-to-GDP ratio. Since both ratios are currently away from these steady state values, it is
implicitly assumed that capital taxes would bear the brunt of the adjustment to the steady state.
The effective rates of labour income and consumption taxes are calibrated to match current
values observed in the economy. The steady state domestic inflation is set to be 2 percent per
year and the labour–augmenting growth rate (equivalence of the real GDP growth rate) to 3
percent per year while the trade-related variables (export, import) grow 5 percent yearly. The
nominal annual interest rate of Slovak bonds is 4 percent.
As regards production, imported raw materials and oil cannot be substituted easily (σ c

m =

1/(1− .3), σ i
m = σ

f
m = .1/(1− .2) and σe = 0.15). Furthermore, export and investment goods rely

on imports a lot – we assume the 55 percent import intensity of exports and even 60 percent in
case of investment, whereas consumption goods use imports only from 35 percent. In the both
sectors physical capital inputs are preferred to labour service usage (σk = .55). Furthermore,
private and public capital are built subject to the same depreciation rate.
Based on EU–SILC data the share of Non–Ricardian households is estimated at 40 percent and
households are quite persistent (κc = .75) in their preferences for consuming both private and
public of goods.14. The inverse of the elasticity of substitution in consumption (σ = 1) and
Frisch elasticity of labour supply (νh = 4/3) are set consistently with standard literature. In
the equilibrium, employment is concentrated mainly in the private sector (80 percent), pub-
lic/private sector transition is not perfectly elastic (σh = 1.5). The foreign economy is in the
steady state described by 2 percent inflation and 2 percent interest rate.
The selection of the model economy targeted ratios of key endogenous variables is shown in
Table 4.1 and all parameters and ratios are summarized in Tables H.1–H.2 in the Appendix A.

4.3 Model Estimation

To estimate the model using Bayesian approach we firstly (log-)linearise it around the deter-
ministic steady state. The linearised solution is mapped onto a matrix of observables repre-
senting 31 quarterly time-series of domestic and foreign economies reported by Eurostat and
National Bank of Slovakia between 2004Q1 and 2015Q3.

Data Characterisation
Concerning Slovak economy we use data on private consumption, aggregate investment, ex-
port, non-oil import, and trade balance. We consider the time series on domestic CPI index,
nominal SKK-EUR exchange rate, export and import deflators, aggregate employment, wages
and private sector wages, gross return on public debt and price of oil/fuel. We employ real
valued data on all model expenditure items (public wage bill, government intermediate con-
sumption, government gross fixed capital formation, social transfers, social transfers in kind

13Government purchase of goods and services is set to 10 percent of GDP, the public wage bill to 9 percent of GDP,
household transfers to 14 percent of GDP, government gross fixed capital formation to 3.5 percent of GDP, subsidies
to private and public (i.e. social transfers in kind) sector, respectively to 1 and 5 percent of GDP. We approximated
public goods supply by the subset of the total general government expenditure classified by functions (COFOG).
We consider expenses on education, healthcare, recreation, housing, economic affairs, and public order and safety.

14A proper calibration of respective shares of Ricardians and Non–Ricardians is crucial. The literature provides
a wide variety of estimates and calibrations ranging from 25 percent (Coenen and Straub (2005)) to 34–37 percent
(Forni et al. (2007)) for the Euro–area. In this study we use the methodology proposed by Stork et al. (2009) based
on EU–SILC database. We consider as Non-Ricardians those, who are long–term unemployed and non-working
pensioners, approximately 20 percent of employees, 10 percent of self-employed, 50 percent of working pensioner,
70 percent of those unemployed for less than a year, and half of others. Therefore, we set λ = 40%.
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and subsidies), efficient tax rates on consumption, labour, and capital. To track country indebt-
edness we use time series on real valued government debt and net external private debt.
The external economy is described by the QoQ growth rates of composite imports of Slovakia
14 main trading partners, EU real GDP, EU inflation rate and ECB 3-months interest rate.

Data Transform
Due to in general different growth rates of model variables and assumed impact of openness
and quality technologies observed in the date we do not use standard Hodrick-Prescott filtering
technique. We prefer to express the corresponding variables in the estimation procedure in
growth rates rather than levels. For each domestic real observable X̃t (except of export and
import) we assume the corresponding measurement equation

∆ log X̃t = logxt − logxt−1 +η
A
t ,

where xt is the detrended model variable associated with the observable X̃t and γA
t is the growth

rate of exogenous domestic labour-augmenting nonstationary technology. We treat export and
import volumes time series by considering export-specific and openness technologies as fol-
lows:

∆ log F̃t = log ft − log ft−1 +η
A
t +η

X
t +η

O
t ,

∆ logM̃t = logmt − logmt−1 +η
A
t +η

X
t +η

O
t .

A similar approach however augmented additionally for the quality technology η
Q
t is applied

on foreign imports. Above, ηA
t , η

A,∗
t , ηX

t , ηO
t and η

Q
t are considered for standard AR(1) pro-

cesses. For consumption and labour tax rates, domestic and foreign inflation rates, ECB short-
term rate and domestic public bonds we subtract the nonlinear model-consistent steady states
from the observed variables in logarithm. We use HP filter to extract the cycle component of
real-valued oil price (in domestic currency) and EU output gap and map growth rate of real EU
GDP onto model foreign economy real growth rate.
We employed the Fisher information matrix and its properties to identify of the set of model
parameters that are suitable for the estimation procedure. When handling the pre-2009 data we
need to enrich the transformation procedure also by the exchange rate appreciation.

Estimation Results
We estimate the posterior distributions of the model parameters and shocks using the adaptive
random walk Metropolis-Hastings algorithm with 100000 iterations and accept 23.47 percent of
simulated series. Most of the parameters appear to be well-identified. Tables 4.2–4.3 and Figure
H.1 (in the Appendix B.1) show the prior distributions with the estimated posterior densities
for the model parameters and Table H.3 with Figure H.2 illustrate the prior distributions and
the associated posteriors for model shocks.
The obtained results are in line with estimates taken from standard literature. Concretely, Ricar-
dians receive transfers that are rather low persistent (ρtrr = 0.3482) and consider public goods
as complements (γr =−0.3188) while the Non-Ricardians are likely to consume them as substi-
tutes (γn = 0.3233). Households have persistent consumption-labour preferences (ρφ L = 0.8620).
Investors form their expectation about future public debt over approximately two-year time
horizon when deciding about the government debt risk premium. Recent period of QE with
sharply declining and extremely low ECB rate (persistently below its equilibrium) cause high
volatility of the foreign interest rate. Likewise fall and stabilization of yields on Slovak govern-
ment bonds (despite increasing public debt) below their equilibrium imply higher variance of
both the interest rate wedge and the bond risk premium along with low country-specific risk
premium (see Table H.3 in Appendix B.1).
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Table 4.2 : Priors and Posteriors : Parameters I.

Prior Distribution Posterior Distribution
Parameter Type Mean St. Dev. Mean St. Dev. Conf.

Households
ρtrr Transfers persistence (R) β 0.35 0.075 0.3383 0.0344 [0.2790 0.3901]
γr Propensity to consume public g. (R) N -0.3 0.05 -0.3482 .0109 [-0.373 -0.336]
γn Propensity to consume public g. (N) N 0.3 0.05 0.3233 0.0109 [0.3073 0.3400]
φi,h Investment adjustment param. N 2 0.075 1.9920 0.0274 [1.9533 2.0350]

ρξ ,i,h Investment efficiency persistence β 0.5 0.075 0.5127 0.0355 [0.4563 0.5721]
ρΨ

2 Capital utilization cost β 0.3 0.05 0.2899 0.0149 [0.2683 0.3146]
ρϕL Households preference persistence β 0.8 0.075 0.8620 0.0385 [0.8026 0.9245]

Monetary Policy
δb Inverse of public debt horizon β 0.15 0.1 0.1338 0.0112 [0.1180 0.1563]

ρ∆R Interest rates wedge persistence β 0.6 0.075 0.5253 0.0379 [0.4638 0.5852]
Production

σ∗ Elast. of substit.: export vs. foreign β 0.4 0.1 0.4413 0.0127 [0.4195 0.4597]
ρa Private sector TFP persistence β 0.6 0.075 0.6332 0.0427 [0.5527 0.6937]
ρcg Public sector technology persistence β 0.9 0.05 0.9559 0.0079 [0.9434 0.9689]

Prices & Wages
χx Share of non-optimizers (interm.) β 0.65 0.05 0.5850 0.0109 [0.5660 0.5977]
χm Share of non-optimizers (imports) β 0.8 0.05 0.7852 0.0097 [0.7671 0.8007]
χ f Share of non-optimizers (exports) β 0.7 0.05 0.6895 0.0105 [0.6751 0.7060]

χw,p Share of non-optimizers (private wage) β 0.4 0.05 0.2569 0.0122 [0.2385 0.2782]
γx Degree of indexation (interm. goods) β 0.5 0.05 0.5302 0.0124 [0.5111 0.5521]
γm Degree of indexation (imports) β 0.5 0.05 0.4902 0.0266 [0.4603 0.5351]
γ f Degree of indexation (exports) β 0.5 0.05 0.4968 0.0218 [0.4710 0.5368]

γw,p Degree of indexation (private wage) β 0.3 0.05 0.2928 0.0131 [0.2727 0.3096]
γw,g Degree of indexation (public wage) β 0.5 0.05 0.5162 0.0220 [0.4887 0.5523]

Exporters, importers and mainly domestic producers of intermediate goods are slightly less
rigid in their pricing strategy (possibly due to lower usage of labour force in the production)
and change their prices each 7 (domestic producers) to 14 months. We enriched the Phillips
curves by the price indexation parameters that measure the persistence of import, export and
domestic production prices. We discovered that those who do not optimize their prices rely
on past and steady-state inflation with approximately equal weights. Surprisingly, we find the
private sector wages less rigid and even less affected by the past inflation. This can be par-
tially explained by significantly lower influence of trade unions on labour market, relatively
high unemployment, higher share of employees in small firms than in larger firms and fre-
quent changes in the legislation. However, taking into account the fact that for the sake of
simplicity the model internally assumes that only Ricardians are allowed to enter the wage ne-
gotiation process and Non-Ricardians (40 percent of the population) always accept their wage,
approximately 85 percent of labour force in the private sector does not optimize. Moreover,
those Ricardians who do not optimize are more likely to index their wages to the steady-state
CPI inflation than to past private sector wage inflation. Motion of the gross real public wages
replicates by one half the past evolution of private wages.
Persistence and volatility (see Table H.3 in the Appendix B.1) of fiscal expenditure items is
in consistence with the observations of other studies (see e.g.Forni et al. (2007), Ardagna and
Alesina (1998)) with some specifics observed for public investment, private sector subsidies,
and unproductive government consumption (intermediate consumption) as they all have sig-
nificantly high volatility. Volatility of public investment is driven by two factors: cuts in invest-
ment expenditures used to be the most popular instrument used by the government in pub-
lic finance consolidation; and recently became extra subsidized from exogenous (EU) sources.
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Table 4.3 : Priors and Posteriors: Parameters II.

Prior Distribution Posterior Distribution
Parameter Type Mean St. Dev. Mean St. Dev. Conf.

Fiscal Policy
ρtr (Household) Transfers persistence β 0.3 0.075 0.3421 0.0143 [0.3198 0.3642]
ρwh Public wage bill persistence β 0.35 0.075 0.3896 0.0130 [0.3718 0.4095]
ρgc Unprod. consumption persistence β 0.55 0.075 0.7191 0.0191 [0.6914 0.7505]

ρsubp Private sector subsidies persistence β 0.3 0.075 0.2991 0.0113 [0.2817 0.3155]
ρsubg Public sector subsidies persistence β 0.4 0.075 0.4308 0.0086 [0.4185 0.4445]
ρig Gross fixed capital form. persistence β 0.5 0.075 0.4852 0.0064 [0.4754 0.4959]
ρτc Consumption tax persistence β 0.5 0.075 0.5206 0.0208 [0.4909 0.5521]
ρτw Labour tax persistence β 0.6 0.075 0.5536 0.0176 [0.5245 0.5794]
ρτk Capital tax persistence β 0.7 0.075 0.5527 0.0115 [0.5402 0.5748]
ρtr

Ω
Transfers debt sensitivity β 0.05 0.035 0.0164 0.0050 [0.0080 0.0257]

ρwhg

Ω
Public wage bill debt sensitivity β 0.05 0.035 0.0294 0.0027 [0.0248 0.0335]

ρ
g
Ω

Government purchase debt sensitivity β 0.05 0.035 0.0828 0.0396 [0.0175 0.1428]
ρ ig

Ω
Government investment debt sensitivity β 0.05 0.035 0.2024 0.0036 [0.1973 0.2080]

ρτc

Ω
Consumption tax debt sensitivity β 0.1 0.05 0.0578 0.0421 [0.0546 0.0603]

ρτw

Ω
Labour tax debt sensitivity β 0.1 0.05 0.0737 0.0214 [0.0683 0.0802]

ρτk

Ω
Capital tax debt sensitivity β 0.1 0.05 0.1031 0.0189 [0.0996 0.1082]

External Environment
ρpe Oil price persistence β 0.6 0.05 0.6936 0.0352 [0.6397 0.7539]
ρω∗ Foreign demand persistence β 0.75 0.1 0.7716 0.0095 [0.7537 0.7863]
ρω∗,y Foreign demand cycle-sensitivity β 0.4 0.075 0.4156 0.0195 [0.3898 0.4437]
ρι∗ Factor income persistence β 0.6 0.075 0.6618 0.0385 [0.6007 0.7248]
ρeu

y EU output gap persistence β 0.4 0.075 0.3611 0.0130 [0.3429 0.3810]
ρeu

i ECB interest rate persistence β 0.85 0.075 0.8761 0.0088 [0.8615 0.8887]
αeu

π EU inflation persistence β 0.4 0.075 0.3259 0.0117 [0.3121 0.3508]
Growth Technologies
ρηA Domestic growth persistence β 0.95 0.025 0.9590 0.0155 [0.9354 0.9847]
ρηA,∗ Foreign growth persistence β 0.8 0.075 0.8530 0.0400 [0.7902 0.9180]
ρηX Export-specific growth persistence β 0.6 0.075 0.5629 0.0454 [0.4938 0.6392]
ρηO Trade openness growth persistence β 0.45 0.075 0.4295 0.0461 [0.3031 0.4534]
ρηQ Quality growth persistence β 0.6 0.1 0.5560 0.0820 [0.4244 0.6851]

Government unproductive consumption expenditures (i.e. intermediate consumption) volatil-
ity is relatively high also due to cuts motivated by the consolidation. Private sector subsidies
used to be higher in the past caused by an inflow of foreign direct investments, many of them
green-field investments and infrastructure development. However they are still supplied to
private sector firms in an ad–hoc manner and are often subject to political decisions. On the
other hand side, public sector subsidies (i.e. social transfers in kind) have raising trend pos-
sibly due to population ageing and building welfare state. However, capital and labour tax
hikes are also used to cut public debt and deficit. On the other hand side taxes appear to be
less durable than we expected (ρτc = .5206, ρτw = 0.5536 and ρτk = 0.5527), though consistently
with standard literature, consumption tax rate is the least persistent. Concerning the growth
technologies we find the domestic growth process markedly more persistent than the foreign
one and the export-specific process (ρηA = 0.9590, ρηA,∗ = 0.8530 and ρηX = 0.5629).
Despite low volatility of foreign growth and output gap, foreign demand remains volatile and
so along with fluctuating cost-push prices imply variation in domestic export and imports. A
significant volatility in factor income, i.e. the difference between the country’s current account
and trade balance, can be explained by large inflow of foreign direct investment that were used
to rebuilt the production sector and especially exporting firms. This gap has been gradually
closing since 2009 as the inflow of foreign investment has been reduced while the FDI outflow
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and dividend payments have become more apparent. Finally, high model volatility of the oil
price is perfectly consistent with data observed.

4.4 Model Analysis

Based on estimated model on 2009-2015 data we computed relative and absolute contribu-
tions of individual shocks to the total variance for the key model variables. Since model vari-
ables evolve with their distinctive stochastic growth rates in case of non-stationary variables we
study the forecast uncertainty of growth rates of individual variables rather than the variables
themselves. We report them here on Figures 4.1–4.3 and the Appendix B.2 on Figures H.3–H.4.

Figure 4.1 : Forecast Error Variance Decomposition: Relative Shock Contributions I

Forecast Error Variance Decomposition
Our observations on contributions of individual shocks to the total variance for the key model
variables are summarised as follows.
Not surprisingly, uncertainty in the real GDP growth and output gap (measured as the differ-
ence between the GDP and its stochastic long-run trend path) forecast is mostly a result of the
uncertainty about the evolution of the foreign economy. Concretely, more than 40 percent of
the uncertainty in the prediction of the domestic output growth and output gap comes from the
foreign demand volatility due to high proportion of exports on GDP and large trade-openness
variations in the foreign demand. Next, price competitiveness of exporters contributes to the
by more than 15 percent to the real growth volatility. Moreover, shocks in domestic produc-
tivity (that directly affects labour market, prices and demand for goods) are very important
source of the uncertainly in the output gap prediction (20 percent) while their impact is rela-
tively smaller (15 percent) in case of the real output growth uncertainty. Since production is
highly dependent on commodities, changes in the very volatile and low persistent oil price are
responsible for 12 percent of output growth volatility and explain almost 15 percent of the un-
certainty in the output gap forecast. Furthermore, variation in the investment adjustment costs,
sectoral and cost-push shocks, interest rate wedge and changes in household habit formation
have minor influence on the volatility of both the real GDP growth and the output gap.
There are four large determinants of the household consumption growth uncertainty: both
fluctuations in the public goods supply (these are particularly helpful for the Non-Ricardians,
stronger in the short-run) and domestic productivity shock (affecting labour market, prices
and demand for goods, with higher long-run impact) explain approximately 20 percent of the
long-run uncertainty each. Next, changes in its consumption habit formation (i.e. variations in
strength of their consumption persistence) and in the income from government transfers and
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the variation in consumption growth are responsible for 15 percent of the long-run uncertainty
each. Moreover, fluctuations in the foreign demand contribute to the consumption growth un-
certainty by 8 percent.
Volatility in investment growth is in the short run strongly determined by the variation in the
investment adjustment costs and the productivity shock (that affects the prices of goods bought
by households as well as their capital and labour income and so modulates their investment
decisions) with approximately 20 percent impact each. Next, fluctuations in the foreign de-
mand (investment goods production rely mostly on imported inputs with the foreign demand
changes as the main source of the uncertainty) and investment-specific technology shock (plat-
ing the role of the investment goods quality process and hence directly impacts their price)
both contribute to the uncertainty by 10 percent while the interest rate wedge that drives the
difference between the intertemporal marginal utility of consumption and the real interest rate
is responsible for 8 percent of the long run uncertainty and even 15 percent in the short-run.
Moreover, fluctuations in the oil price, changes in the effectiveness of transformation invest-
ment to capital and shifts in household labour-consumption preferences explain 10 percent in
total.

Figure 4.2 : Forecast Error Variance Decomposition: Relative Shock Contributions II

Aggregate exports growth forecast volatility has one key player. Evidently, it is driven mainly
by the fluctuations in foreign demand which explain around 45 percent of the forecast uncer-
tainty. Variations in the trade openness i.e. the wedge between the world trade (or imports)
and the value added is responsible for 30 percent of the uncertainty. Next, price competitive-
ness of exporters is quite significant as it explains almost 20 percent impact while changes in
quality of exported goods contribute by approximately 10 percent. Highly import intensive ex-
port specifies to a large degree the major determinant of the import forecast uncertainty: since
production of export goods uses more than 60 percent of imported intermediate goods, fluctu-
ations in the trade openness and in the foreign demand explain almost 40 percent of the uncer-
tainty each. Next, price competitiveness of exporters on foreign market represent additional
10 percent whereas investment adjustment costs and domestic productivity shocks influence 8
percent of the volatility each in import growth.
Current account growth volatility can be explained by the wedge between the current account
and trade balance which includes the factor income and payments for the excessive capital (35
percent in the short-run and 22 percent in the long-run) and the drivers of the trade - fluctu-
ations in the foreign demand (30 percent) and export price competitiveness (10 percent). As
production of investment goods relies mostly on imports, impact of changes in the investment
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adjustment on the current account growth uncertainty is evident (10 percent). Next, since oil
is imported, changes in its price are also important. Furthermore, 8 percent of the uncertainty
is due to shocks in the domestic productivity that affects prices of production input factors.
Factors determining the uncertainty about the current account growth specify to a large degree
the drivers of the external debt. In the short-run, the most important source of the uncertainty
is the the wedge between the current account and trade balance that explains 35 percent of
the volatility. However, its impact vanishes soon as it is not directly associated with the pro-
duction and demand process. Furthermore, variations in the investment adjustment costs are
important in the short run (up to 30 percent) although its long-run impact is rather small (10
percent). On the other hand side, the largest source of the long-run uncertainty comes from
the foreign demand fluctuations (20 percent), domestic productivity shocks (20 percent) and
oil price volatility (8 percent).

Figure 4.3 : Forecast Error Variance Decomposition: Relative Shock Contributions III

The volatility of CPI inflation (excluding taxes) results mainly from the technology shock with
almost 50 percent share. Next, variations in the consumption goods-specific process (that drive
the evolution of the goods quality and hence relative price) explain approximately 35 percent
of the short-run and 20 percent of the CPI uncertainty. Furthermore, approximately 8 percent
is driven by household preference shifts.
The private sector employment uncertainty comes especially in the short-run from the tech-
nology shock which explains approximately 40 percent of the volatility. However, its impact
gradually declines as the shock vanishes and in the long-run drives the uncertainty by approx-
imately 20 percent. On the other hand side, importance of shifts in households preferences
raises over time and in the long-run their impact on the uncertainty grows to more than 25
percent. Next, since export firms are the largest employer, changes in the foreign demand have
strong long-run consequences and contribute to the volatility in private sector employment
by 20-30 percent. Finally, shocks in oil price and changes in the supply of public goods (that
households receive for free) are responsible for 5 percent of the employment volatility each.
Shifts in households consumption-labour preferences have also due to relatively high share of
wage optimizers the largest (more than 60 percent) impact on the aggregate real wage growth
uncertainty. Next, fluctuations in the foreign demand technology shocks contribute to the un-
certainty by 10 percent, while impact of the changes in the consumption goods-specific process
(quality process) explains approximately 15 percent of the short-run and only 5 percent of the
long-run uncertainty.
Growth of the public debt is in the short-run driven essentially by the volatility in the primary
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deficit (40 percent) however its influence declines to less than 20 percent in the long-run. Non-
surprisingly, changes in foreign demand have long-lasting impact on production and hence on
tax revenues. Therefore its stable,20 percent importance is obvious. Similarly, shocks in domes-
tic productivity have strong impact on tax revenues and so on the public debt growth uncer-
tainty (up to 25 percent in the long-run). Furthermore, shocks in the capital tax rate (which has
been between 2009-2015 below its long-run equilibrium) affect the debt growth significantly
especially in the short run (20 percent). Minor drivers of the uncertainty are variation in the oil
price and changes in the public goods production.

Historical Evolution of Shocks
We use a simple Kalman filter to illustrate the dynamics of the model shocks between 2009–
2015 (see Figures H.5–H.6 in Appendix B.3).
Our observations are following. Foreign economy partially recovered from the large fall of the
output in 2009–2010, but still does not achieve their pre-crisis performance despite extremely
low ECB rate (declined after a small post-crisis increase in 2012). After an increase in 2009,
foreign inflation gradually falls and remain below zero.
Although foreign demand for Slovak export goods has been gradually recovering from nega-
tive shocks that had faced during the crisis, the long-run growth trend of the domestic econ-
omy as well as the productivity (that also suffered from a large fall during the crisis) stay below
their potential. However, international trade more or less attains is long-run growth path with
positive trade-openness, quality and export price competitiveness pressures that substantially
support the export of domestic goods. Cost-push shocks of exporters and domestic producers
create after 2009 negative signals that contribute to price decline while the domestic demand is
motivated to prefer more domestic inputs due to positive import price cost-push shocks.
Referring to domestic monetary conditions, after initial raise of the country risk premium, pub-
lic bond risk premium and interest rate wedge during the crisis, they all fall significantly.
After 2009 government increased transfers to households and replied to raising public debt
by cuts in its unproductive consumption. Next, between 2012-2013 it reduced public wage bill
(increased during the crisis) and investment expenditures (sharp decline in 2013) to consolidate
the debt. On the other hand side, the effective consumption tax rate endures below its steady-
state level.

Contribution of Shocks
Furthermore, we employ the Kalman Filter to determine and analyse the contribution of indi-
vidual structural shocks to most important model variables between 2009 and 2015. Figures
H.7–H.10 in Appendix B.4 depict the decomposition of structural shocks for all observables of
the model and additionally for the simulated QoQ growth of domestic GDP, export and import
volumes. In order to illustrate more comprehensively the impact of these shocks on variables,
we separate the estimated model shocks into several groups:
• Foreign Economy: shocks to foreign trend growth εηA,∗

, output gap εyeu
, inflation επeu

, ECB
rate ε ieu

, and oil price ε pe
;

• International Trade: shocks to foreign demand εω∗ , price competitiveness εσ∗ , export-
specific process εηX

, trade openness εηO
, and quality technology εηQ

;
• Domestic Technology: shocks to private and public sector TFP εa, εcg

, trend growth εηA
,

common technology sectoral quality shocks εηc
, εη i

, εηg
, εη f

and εηm
;

• Domestic Monetary & Risk Premium: shocks to country-specific premium εsk, risk premium
on domestic bonds ξ d and interest rate wedge ε∆R;
• Preferences and Habits: shock to households preferences εφL and habit formation εκ ;
• Investment and Capital: shocks to Tobins’Q εQ, private and public investment-capital trans-
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formation efficiency εη i,h
, εη i,g

, investment adjustment costs εξ i,h
and factor income ε ι∗ ;

• Cost-Push: cost-push shocks of exporters εθ f
, importers εθ m

and domestic producers εθ x
,

private sector wage εϑ w,p
and public sector wage-indexation rule εw,g;

• Fiscal: shocks to fiscal expenditure variables, tax rates, primary deficit εde f and transfers
for Ricardians ε trr

.
Furthermore, when describing the contribution of shocks to the QoQ growth of aggregate ex-
port and import and growth of their volumes we go deeper in this group structure and study in
detail the influence of individual shocks from the Trade group. A similar approach is employed
to study the shock contribution on key observables of the domestic real economy as we sep-
arate out the effect of oil price fluctuations and decompose the trade shocks on those directly
associated with the foreign demand and the trade technology. Within our analysis the factor
income represent the permanent wedge between the trade balance and the current account.
Andrle et al. (2009) notices that small open economy models have usually a problem to replicate
the observed spill-overs of macroeconomic shocks among countries and thus tend to explain
partially the decline in foreign demand by negative domestic technology shocks (mainly loss
in trend growth of the domestic economy).

Figure 4.4 : Contribution of Shocks to Domestic Real Economy

Simulated (using Kalman filter) contribution of shocks to model variables. Thick black line illustrates the percentage deviation of
the variable from its steady state. Growth rates (measured as QoQ growth in percent) are annualised.

Our findings can be summarised as follows. Fall of the GDP growth was mainly due to losses in
foreign demand. As mentioned above, negative technology shocks (trade technologies, domes-
tic trend growth, TFP, sectoral quality shocks) partially contribute to the explanation of GDP
growth fall. On the other hand side, large decrease of oil price and government reaction partly
diminish the decline in output growth. During the post-crisis period (until 2014), gradually
increasing foreign demand, export and domestic technologies are the main driving forces in
the output recovery while domestic demand is weak and oil price high. Furthermore, the need
of fiscal consolidation and debt reduction creates negative pressure on output growth between
2012-2014. However then the situation turns and lower oil price, and slightly higher domestic
demand help to improve the output growth while trade and technologies do the opposite.
Private consumption has lost much of its pre-crisis level, mainly due to negative shocks in
domestic (changes in consumption habit formation and consumption-labour preference shifts)
and foreign demand and low performing productivity. Next, referring to Andrle et al. (2009)
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negative domestic technology shocks (mainly low trend growth of the domestic economy) par-
tially explain the initially negative signals from the foreign economy and its slack recovery
deepen the consumption fall in the post-crisis period. However in the post-crisis period higher
foreign and domestic demand are the main sources of modest consumption growth recovery.
Fiscal policy actions weaken consumption growth despite their positive impact during the cri-
sis. Recently foreign environment, mainly low oil price, decreasing rates and inflation, and
fiscal policy up to some stage compensate this negative trend in consumption fall.

Figure 4.5 : Contribution of Shocks to Export and Import

Simulated (using Kalman filter) contribution of shocks to model variables. Thick black line illustrates the percentage deviation of
the variable from its steady state. Growth rates (measured as QoQ growth in percent) are annualised.

Employment growth is driven by two key forces that react mainly in an opposite direction:
foreign demand (which positive evolution mostly contributes to the post-crisis recovery) and
domestic technologies, namely lower trend growth and productivity shock. Another impor-
tant factors are oil price volatility (high oil price in the post-crisis era has negative impact of
employment growth while recently low oil prices create positive pressures on employment)
and domestic demand shocks, mainly shifts in household preferences that have improve em-
ployment in the recent period. Notice that fiscal policy actions have more or less negative
consequences on employment.
Decline of export and import came from a significant fall in foreign demand and price compet-
itiveness. Nevertheless these two forces (along with export-specific in case of export) helped
to recovery the trade in the post-crisis period. Despite negative shocks in international trade
openness export goods is consider to be of better quality. However, recently foreign demand
weaken while trade openness improved. Import growth is during the post-crisis period nega-
tively affected by higher oil price and domestic cost-push shocks but these effect are partially
mitigated by decreasing foreign rates and inflation.
Non-surprisingly, a gradual decline of the baseline ECB rate is one of the reasons why the
interest rate on public bonds has been stable during the post-crisis period and recently has de-
creased significantly. Initially rising but later on falling country risk premium and domestic
debt-elastic premium - despite raising public debt - nowadays create downward pressure on
interest rate. Similarly, increasing foreign demand and international trade help the debt rate
to decline. Notice that changes in foreign demand and oil price significantly affect household
consumption and investment activities, their labour income, firms demand for production in-
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Figure 4.6 : Contribution of Shocks to public bond yields and CPI inflation

Simulated (using Kalman filter) contribution of shocks to model variables. Thick black line illustrates the percentage deviation of
the variable from its steady state. Growth rates (measured as QoQ growth in percent) are annualised.

puts and profits. Therefore these changes have a strong impact of tax revenues and hence on
primary deficit and debt evolution. Thus it is not surprising that two major sources of in-
terest rate (with public debt-elastic forward-looking risk premium) movement come from the
trade appreciation (foreign demand, price competitiveness, export volume trend growth, trade
openness, quality of goods) and oil price. Higher primary deficit and government expenditures
along with domestic productivity shocks create upward pressure on interest rate.
A similar picture can be deduced when analysing the drivers of the public debt growth. In
the post-crisis period the debt grew mainly due to domestic technologies (sluggish return of
the economy performance to its long-run trend) gradually recovering trade and higher risk
premium on bonds, while declining ECB rate and higher oil prices slowed down the public
debt growth. Nevertheless, recently the debt growth has been reduced owing to the trade, bet-
ter performing domestic economy, lower risk premia and current account wedge. Oil prices,
government expenditures and higher deficits have accelerated the debt growth.
High post-crisis CPI inflation is driven by oil price and cost-push shocks including those com-
ing from the labour market. This is partially compensated by domestic technology, mainly
gradually recovering trend growth of the domestic economy. However, nowadays low infla-
tion is a result od low foreign inflation, low oil prices, and decelerating foreign demand (trade)
while domestic technologies contribute to its growth. The impact of the fiscal policy on the CPI
is roughly rebalanced.
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5 Results
In order to examine model performance we firstly pay attention to the study of the responses of
the key macroeconomic variable to standard shocks. Then we perform various fiscal consolida-
tion exercises and calculate the associated fiscal multipliers. These exercises are performed on
the model whose parameters and standard deviations are estimated following the procedure
described in Section 4.3 using Slovak and Euro-Area data observed between 2004 and 2015.

5.1 Model Dynamics

First of all, we study the response of the key macroeconomic variables to standard shocks: a
positive technology shock and a negative foreign demand shock of their respective estimated
standard deviations. The consequences of these shocks for fiscal sustainability are dealt with
either through changes in the labour income tax rate or adjustment in the lump-sum transfer
given to consumers. The fiscal policy maker is assumed to follow the rules described earlier.
For the sake of comparison, we also show how the economy responds to these shocks should
fiscal policy aim to keep the primary deficit unchanged in every period, and adjust either trans-
fers or labour tax rate to achieve this goal.

Figure 5.1 : Response to a positive technology shock

Blue lines represent model responses when government adjusts labour tax rate, dark lines illustrate the response if government
changes transfers for Non-Ricardians, under realistic fiscal policy rules. Dashed lines correspond to reactions when instead of

realist policy rules a simple constant budget rule is used. Time (on x-axis) is in quarters and responses are measured as absolute
deviations (in percentage points) from the variable equilibrium value.

5.1.1 Positive Technology Shock

Let us first consider the performance of the economy following a positive persistent technology
shock (Figure 5.1 and Figure H.11 in Appendix C.1). Following the positive technology shock,
marginal costs decline, and as a result of persistent wages and capital price, firms’ demand for
labour and capital drop temporarily which is followed in a very short run by a small decline in
consumption. Falling prices stimulate domestic and foreign demand and lead to higher usage
of production inputs (labour, capital, energies, and imports). The volume of international trade
raises and improves net foreign assets position. As the effects of the positive technology shock
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fades out, economy returns to its equilibrium. From the fiscal point of view, the productivity
shock causes government revenues decline and hence an increase of the primary deficit.
However despite real-value public debt raise, the debt/GDP ratio (which is important in the
realistic fiscal rules) falls. Hence the government expecting speedy recovery of public finance
either increase transfers for the Non-Ricardians or lowers labour tax rate. The choice of the
fiscal instrument has a considerable impact on the economy both over time and in the cross-
section. Higher transfers for the Non-Ricardian households (associated with a large and per-
sistent consumption effect) stimulate immediately the economy but their effect vanishes soon
with a minor or even negative influence on investment or labour market in the mid- and long-
run. However, consumption boost induces larger revenues and hence a substantial fall of gov-
ernment indebtedness. On the other hand side, labour tax cuts prolong and deepen the effect
of lower marginal costs and price fall and lead to an essential and long-lasting employment
growth (despite its initial decline), significantly higher exports and trade growth, better net
foreign debt position and stimulated private investment.
Our fiscal rules imply that output would stay higher over a prolonged period of time if labour
tax is used as the means of fiscal adjustment. There is, thus a clear intertemporal trade-off here
if the objective is to achieve growth of output growth, government revenues, employment and
international trade. These effects are smaller in the very short-run but become apparent later
on. There is also another trade-off in place: the size of the consumption response of households
is affected by the choice of the consolidation instrument, since higher transfers for those who
do not optimize induce a substantial welfare effect. Overall, it appears a suitable combination
of the two instruments could do reasonable job at stabilizing output as well as consumption
both over time and in the cross section.

5.1.2 Negative Foreign Demand Shock

Now we assume that the foreign economies face a negative persistent temporary unanticipated
shock directly affecting their output and therefore the overall demand for goods (Figure 5.2 and
Figure H.12 in the Appendix C.1). The negative trends in the foreign economy are immediately
transmitted to Slovak economy, as foreign market with decreasing output require less produc-
tion inputs hence weaken demand for the country’s export goods.
Fall in the production of export goods has a negative impact on the trade balance and hence
worsens the country’s current account and foreign debt position. Furthermore, exporters adjust
their usage of production factors to this drop in the foreign demand. Since smaller amounts of
imports, energies and household services (capital, labour) are needed, households provide less
capital and price it below its long term value. As private sector employment weaken house-
holds face net labour income reduction and so their shrink their consumption and investment.
Decreasing production output and demand for its inputs imply deterioration in all tax bases.
Therefore the subsequent shortfall in tax revenues induces a fall in primary budget balance
and leads to a raise in the Debt/GDP ratio even though the real-valued debt declines. In the
environment of negative fiscal outlook, the government responds to this situation by either a
Ricardians’ transfers cut or a labour tax rate hike.
Labour tax rate increase drives the grow of real wages and a substantial and very persistent
fall in private sector employment (amplified by wage negotiated by employees reflecting the
labour tax increase). Therefore, the after-tax household labour income is even lower. Non-
Ricardians cannot do anything but cut their consumption for a long time (although their trans-
fers remain unchanged). Furthermore, relatively higher labour costs have an upward pressure
on marginal costs and so rising prices dampen demand for goods and production inputs even
more. Lower returns from capital renting do not motivates households to invest, Ricardians
rather use the reduced income to offset consumption decline. The drop in production and

38



Fiscal Policy Matters
New DSGE Model for Slovakia

Figure 5.2 : Response to a negative foreign shock

Blue lines represent model responses when government adjusts labour tax rate, dark lines illustrate the response if government
changes transfers for Ricardians, under realistic fiscal policy rules. Dashed lines correspond to reactions when instead of realist

policy rules a simple constant budget rule is used. Time (on x-axis) is in quarters and responses are measured as absolute
deviations (in percentage points) from the variable equilibrium value.

usage of production inputs has long-lasting effects on the economy.
On the other hand side, if the government decides to lower transfers for Ricardians, no wage
pressure occurs and due to lower decline in firms’ labour demand households do not face so
dramatic labour income fall as in case of labour tax rise. Next, the substantial decline in pro-
duction marginal costs inducing price fall makes goods more accessible for households. This
supports firms’ demand for production inputs and so employment and investment recovery
soon. Furthermore, relatively low marginal costs enable exporters to be more competitive and
the real exchange rate depreciation supports domestic production and exports. From the fis-
cal policy perspective, transfers cut leads to less sharp and rapidly recovered tax basis and
relatively higher capital and consumption tax revenues. Thus, the effects of the Ricardians’
transfers cut on the performance of the economy facing a sudden drop in foreign economy
output gap are much better than the consequences of labour tax increase.

5.2 Fiscal Consolidation Scenarios

We also study the effects of various fiscal policies the government might implement to stabilize
the debt and deficit that are currently considerably above their safe levels. We set the initial
conditions of our economy so that they reflect the current state of the world from the perspec-
tive of Slovakia. More specifically, we assume that the public debt attains 56 percent of GDP
and the government runs a primary deficit of 3 percent of GDP with poor domestic and EU
economy performance (production in both is 2 percent below its long-term trend). At the same
time, both economies face zero inflation and very low interest rates (2.7 percent p.a. nominal
rate for Slovak government bonds, and zero ECB rate).
When modelling fiscal consolidation from an initial state away from the steady state, we do
not rely on simple linear approximations around the deterministic steady state characterized
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above. Instead, we gradually shift the steady state of the economy in line with the debt adjust-
ment trajectory implied by our fiscal rules, and calculate approximations around the nodes of
this gradually shifting sequence of steady-states (see Figure 5.3 and Figure H.13).15

In what follows, we describe the response of economy assuming that the fiscal authority aims
to reduce public debt to a target level of 40 percent of GDP within 20 years. Again, the choice of
the fiscal variable to consolidate public debt has a significant influence on key macro variables
and these effects differ among various fiscal instruments. Although any of them can reliably
consolidate public finance and in the long term and bring the debt to safe level, they have rather
different implications for the real economy. In what we present in our figures, the government
chooses to adjust either transfers, or labour income tax. Furthermore, when government is to
determine the amount of consolidation needed in the current time period, it takes into consid-
eration both the debt and deficit gaps (the difference between the actual debt (deficit) and its
target value).

Figure 5.3 : Fiscal consolidation scenarios under realistic initial conditions

Fiscal consolidation scenarios under realistic initial conditions performed providing that government adjusts either transfers
(dark line) or labour tax (blue line).Time (on x-axis) is in quarters and responses are measured as absolute deviations (in

percentage points) from the variable equilibrium value

Transfers Reduction
The economy starts off with low marginal costs, as the performance falls well short of the po-
tential level. When adjustment is conducted through transfers, marginal costs are not affected
directly, they remain relatively lower and make domestic inputs in final goods more attrac-
tive. Non-Ricardians suffering lower income due to transfers, followed by Ricardians (owing
to strong habit persistence) reduce their consumptions immediately and Ricardians (who are
not touched by the reduction of transfers) prefer to invest. Increasing domestic and foreign

15The steady state is shifted in intervals corresponding to four percentage-point decreases in the public debt-
to-GDP ratio. Experiments with different frequencies of adjustment revealed there is little gain in accuracy (but
significant cost in computing time) from shifting to a higher frequency. At the same time, there are significant
differences compared with using a simple log-linear approximation around the deterministic steady state of the
model. For presentation purposes, we smooth out the obtained series.
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demand for the export and investment goods requires higher production inputs which acts
to quickly raise and then stabilize employment and capital stock. The recovery of the foreign
demand (initially weaken by low performance of the foreign economy) is due to significantly
lower export prices fast and stimulates export. Better current account position contributes to
downsize the external debt. Despite a significant fall in the household consumption (especially
the Non-Ricardians) in the short-run, the economy (domestic and foreign demand, relative
prices and labour market) stabilises soon.

Labour Tax Rate Increase
On the other hand, in the case when the fiscal authority decides to raise the labour tax rate, it
generates output loss over the medium- to long-term horizon. Initially, the higher labour tax
(and hence real wage reflecting tax changes) causes marginal costs increase partially offsetting
the initial low level of prices. This intensifies the contraction in firms’ production inputs de-
mand - capital, labour, imports and energy. The increasing export price persistently contributes
to shrinking of export and so substantially worsens the country’s current account position. This
leads to a growth of the foreign debt. Household, initially untouched by higher labour taxes (as
they project it into their wage requirements), now face decreasing employment; drop in capital
rental & dividend income. Non-Ricardians consume less and Ricardians’ investment activity
diminishes as firm’s demand for capital wanes.

Fiscal implications
From the fiscal policy point of view, if the government decides to consolidate the debt by cuts
in transfers, capital tax base and revenues quickly recovery from their initial fall and remain
permanently above those achieved when labour tax rate is used. Indeed, higher firms’ demand
for capital and its price stimulate household investment. As a result of a large initial drop
in consumption, in the short-run both the consumption base and tax revenues drop, but as
the transfers cuts get smaller they soon exceed the levels corresponding to the case of fiscal
consolidation using labour tax rate raise.
On the other hand, if government raises labour tax rate to reduce the public debt the labour
tax base shrinks markedly although the revenues are higher. The deterioration effect of higher
labour tax on labour market is very persistent due to permanent contraction of employment.

5.3 Fiscal Multipliers

We can use the above exercise to compute implied fiscal multipliers. We contrast the results
with implied multipliers from a benchmark simulation in which the government unexpectedly
adjusts different fiscal instruments with the economy initially in its deterministic-steady state.
The comparison should give us a flavour of the nonlinearities in the economy and their impli-
cations for the effectiveness of fiscal policy strategies in stimulating the real economy in various
stages of the economic cycle.
The behaviour of government has an essential impact on whole economy. Therefore, we eval-
uate the fiscal multipliers for two types of reaction functions: realistic policy rules introduced
in Section 3.4.2 and Taylor-like rules. We model the realistic policy rules in rather parsimo-
niously fashion by simplifying the correction functional (43) to be responsive to deviations in
debt/GDP only 16. Similarly, in case of Taylor-like rules we let fiscal instruments react to past
deviation of the public debt-to-GDP from its equilibrium value. Hence, any detrended expen-

16The correction functional is simplified by setting α∆Ω = α
δ̃
= α∆δ = 0, so Ct = α

Ω̃
Ωt for Ω̃t = debtt/yt −Ωtar

t ,
where the pre-consolidation debtt is defined in sense of (42).
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diture item x or tax rate τ evolves accordingly the subsequent prescriptions

xt = ρxxt−1 +(1−ρx)x−α
x
Ω [debtt−1/yt−1−debt/y]+ξ

x
r , α

x
Ω > 0 ,

τt = ρττt−1 +(1−ρτ)τ +α
τ
Ω [debtt−1/yt−1−debt/y]+ξ

τ
r , α

τ
Ω > 0 .

(54)

Table 5.1 : Standard implied fiscal multipliers

Taylor Rules Realistic RulesActivity 1 4 12 16 20 1 4 12 16 20
transfers 0.62 0.68 0.51 0.51 0.50 0.48 0.60 0.58 0.58 0.59
public wage bill 0.77 0.71 0.59 0.60 0.61 0.67 0.66 0.54 0.55 0.55
public investment 0.35 0.52 0.78 0.82 0.84 0.20 0.37 0.74 0.81 0.85
unprod. consumption 0.55 0.50 0.42 0.43 0.43 0.49 0.48 0.40 0.40 0.40
subsidies (private sector) 0.50 0.42 0.32 0.33 0.33 0.43 0.40 0.30 0.30 0.30
subsidies (public sector) 0.56 0.51 0.42 0.43 0.44 0.50 0.49 0.41 0.41 0.41
consumption tax -0.32 -0.39 -0.37 -0.36 -0.35 -0.82 -1.17 -1.36 -1.36 -1.36
capital tax -0.65 -0.93 -1.28 -1.28 -1.29 -1.12 -1.49 -1.95 -1.94 -1.93
labour tax -0.71 -0.96 -1.18 -1.18 -1.18 -1.03 -1.47 -1.95 -1.95 -1.94

5.3.1 Steady–state fiscal multipliers

Table 5.1 summarizes implied fiscal multipliers at various horizons for all fiscal instruments
from our benchmark simulation. Following Uhlig (2010), we calculate the implied net present
value multiplier employing successively both fiscal rules17 for each expenditure (revenue) item
of government budget xt (τt) as follows:

T
∑

k=0
β k (yt+k− y)

T
∑

k=0
β k (xt+k− x)

,

T
∑

k=0
β k (yt+k− y)

T
∑

k=0
β k
(
τt+kΦτ

t+k− τΦτ
) , k = 0,1, . . . ,T .

We see that in both cases the obtained values rather reasonable, in consistence with standard
literature and regardless the choice of the fiscal rule key implications do not differ.
In general, tax changes have large long-run consequences. Evidently, accordingly to both rules
the labour and capital tax raise turn out to be more harmful than consumption tax hike. Hence,
the consumption tax is the best debt consolidation revenue instrument with the smallest nega-
tive externalities in short and long-run. Variations in direct taxes significantly and persistently
affect the labour market and investment activities.
Cuts in public investment appear to be the most harmful among expenditure instruments in
the long-run although the associated losses on output are the smallest in the short-run. The
evolution of the public investment multiplier reflects the time-to-build character of the capital.
Furthermore, in a short-run this is accompanied by the private investment crowding-in that
partially offsets negative implications of downsized public investment. This decrease influ-
ence the output not only through lower investment but mainly induce fall in the aggregate
consumption due to Ricardians’ complementarity in the consumption of public goods.
However, in the short-run public wage bill cuts are the most detrimental. It results from a fall
in the public sector employment and hence lower households’ labour income and public goods

17Technically, to calculate fiscal multiplier for a specific expenditure item x we keep all remaining budget ex-
penditure instruments and tax rates constant and allow only the studied instrument to evolve. Providing that the
fiscal policy is driven by the Taylor-like rules we simulate the model response on the fiscal shock associated with
the studied budget item of the estimated one standard deviation. If realistic rules are used, we simulate the model
response on the shock to the budget constraint with the magnitude of estimated one standard deviation.
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supply. Later on this is partially compensated by slightly higher usage of the labour services
by private sector firms that create some positive effect on output. Therefore the long-rum im-
pact of public wage bill cuts is not so deleterious. Finally, very similar response of output on
reduction in the unproductive consumption or social transfers in kind is caused by very low
efficiency of the transfers in kind.
The implied multipliers obtained using the rules providing a realistic description of the conduct
of fiscal policy are not too different from the multipliers one would obtain using a conventional
fiscal policy Taylor rule calibrated to produce fiscal adjustment of a similar magnitude.
The obtained results are summarised in Table 5.1 and their evolution is illustrated on Figure
H.14 in Appendix C.3.

5.3.2 Fiscal multipliers in a recession

In the alternative simulation starting off from the steady state, the implied multipliers show
somewhat different patterns. Their relatively large magnitude in the short-run is due to de-
nominator effect as (by design) they are adjusted gradually to lower the debt from the initial
level 56 percent of GDP by 6 percentage points in approximately 6 years (see Figures 5.4-5.5
below). This objective is reached perfectly if realistic fiscal rules are employed but the opposite
is true for standard Taylor-like rules.

Table 5.2 : Implied fiscal multipliers in a recession

Taylor Rules Realistic RulesActivity 1 4 12 16 20 1 4 12 16 20
transfers 0.70 0.58 0.51 0.53 0.54 0.51 0.84 1.00 0.90 0.81
public wage bill 0.70 0.57 0.49 0.52 0.53 0.60 0.84 0.81 0.74 0.65
public investment 0.53 0.42 0.44 0.50 0.53 0.54 0.85 1.02 0.92 0.82
unprod. consumption 0.66 0.53 0.43 0.45 0.46 0.44 0.73 0.90 0.82 0.73
subsidies (private sector) 0.56 0.42 0.32 0.34 0.35 0.45 0.75 0.90 0.78 0.66
subsidies (public sector) 0.66 0.53 0.43 0.45 0.46 0.52 0.83 0.97 0.86 0.75
consumption tax -1.13 -0.86 -0.47 -0.46 -0.46 -0.45 -0.84 -1.11 -0.98 -0.87
capital tax -1.22 -0.92 -0.51 -0.49 -0.49 -0.52 -0.92 -1.23 -1.12 -1.02
labour tax -1.77 -1.39 -0.91 -0.88 -0.87 -0.74 -1.27 -1.67 -1.50 -1.37

Cuts in public investment and transfers for Non-Ricardians appear to be the most harmful
among expenditure instruments in the long-run. Reduction in transfers for Ricardians leads to
a substantial fall in private goods consumption of both types of households. Similarly to the
case of standard multipliers, the evolution of the public investment multiplier reflects the time-
to-build character of the capital. Furthermore, in a short-run this is accompanied by the private
investment crowding-in that partially offsets negative implications of downsized public invest-
ment. This decrease influence the output not only through lower investment but mainly induce
fall in the aggregate consumption due to Ricardians’ complementarity in the consumption of
public goods.
In the short-run public wage bill cuts are very detrimental (especially in case of realistic rules).
This is a result of lower public sector employment (and so decline in household labour income)
and and public goods supply. Later on this is partially compensated by slightly higher usage
of the labour services by private sector firms that create some positive effect on output (so the
implied multiplier decreases). Therefore the long-rum impact of public wage bill cuts is not so
deleterious.
Tax changes have large long-run consequences. The detrimental effect of labour income tax
hikes is evident also in a high-debt, low-growth context regardless the fiscal rule. Essentially, it
is the worst consolidation instrument. Furthermore, higher capital tax rate is more damaging
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Figure 5.4 : Cost of Consolidation: Realistic Rules

Plots illustrate the cost of consolidation associated with cutting debt from 55 to 50 percent of GDP in a recession obtained using
realistic fiscal rules.

than the consumption tax rate increase. Hence, changes in direct taxes significantly and persis-
tently affect the labour market and private investment. The obtained results are summarized
in Table 5.2 and their evolution is illustrated on Figure H.15.

5.3.3 Fiscal Rules: Do they matter?

Tables 5.1–5.2 show that the choice of underlying fiscal rules design is essential in the fiscal
multipliers estimation. Although to the eye it may seem that Taylor rules can well approximate
realistic rules presented in this paper, opposite is true.
The analysis of the differences between the realistic fiscal rules and standard Taylor-like rules
and the consequences on implied multipliers reveals the major role of the debt gap sensitivity
parameters. We emphasize that in both types of fiscal rules we compare the debt/GDP to
either the current debt target (measured relatively to GDP) or steady-state debt/GDP ratio.
This approach is more appropriate than using level-based measures and leads to more realistic
evolution of the debt and fiscal variables. The crucial difference between these two rules resides
in the design of the debt gap sensitivity and the associated adjustment term. The adjustment
term reflects that realistic fiscal rules are target oriented whereas Taylor-like rules are instrument
oriented.
Indeed, the adjustment term evaluates the amount of correction necessary to achieve gradually
the objective - debt reduction - within a certain time horizon. Thus, change in the individual
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Figure 5.5 : Cost of Consolidation: Taylor-like Rules

Plots illustrate the cost of consolidation associated with cutting debt from 55 to 50 percent of GDP in a recession obtained using
Taylor-like fiscal rules.

instrument is relatively larger for the budget items with lower steady state values (or revenues,
in case of tax rates) and vice versa. This rule is less dependent of autoregressive parameters
and does not rely on historical paths of fiscal variables. This type of fiscal rules is therefore very
useful when fiscal consolidation is needed.
On the contrary, Taylor-like rules do a good job if the economy is in its steady state. Neverthe-
less, their performance is quite poor if fiscal consolidation is needed (see Figure 5.5) and are
not suitable for the debt stabilization. Values of the autoregressive and debt sensitivity coeffi-
cients arise from historical time series and past fiscal policy decisions and do not consider the
consolidation effort. Actually, debt sensitivity parameters (typical for each instrument) and the
corresponding debt/GDP gap term is rather a technical necessity (guaranteeing the existence
of the model solution) than a realistic feature. Typically, when consolidation is needed debt re-
mains relatively far from its steady state and thus linear relationships estimated in the normal
times (when the economy is close to its equilibrium) do not hold. Many studies, even those
with a well-structured fiscal block, prefer simple autoregressive processes in order to describe
the evolution of individual expenditure items (e.g. Forni et al. (2007), Erceg and Linde (2011))
while having simple Taylor-like rules for tax rates or vice-versa (e.g. Stork et al. (2009) and
Alitev et al. (2014)).
Therefore since the public debt is quite far from the desired steady state we prefer realistic rules
to simulate various fiscal scenarios and provide fiscal assessment.
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6 Concluding remarks
We have set out a medium-scale DSGE model designed and calibrated to capture developments
in the Slovak economy and estimated it using Slovak data.
We calculated the relative and absolute contribution of the model shocks to the total variance
of the key variables. This was necessary to treat properly the forecast uncertainty when pre-
dicting the evolution of the individual variables and determine the sources of the potential
risk. Furthermore, we used the estimated model to identify the structural economic shocks
that drive the economy. Fall of the GDP growth in 2009 was mainly due to losses in foreign de-
mand, higher risk premia and negative technology shocks, namely fall in the long-term growth.
During the post-crisis period , gradually increasing foreign demand, export and domestic tech-
nologies are the main driving forces in the output recovery while domestic demand is weak
and oil price high. Then the situation turns and lower oil price, and slightly higher domes-
tic demand help to improve the output growth while trade and technologies do the opposite.
Private consumption has lost much of its pre-crisis level, mainly due to negative shocks in do-
mestic demand, low performing productivity and high oil price. Next, negative signals from
the foreign economy and its slack recovery deepen the consumption fall in the post-crisis pe-
riod. On the other hand side, decreasing ECB rates and foreign inflation along with increasing
foreign demand for domestic production up to some stage compensate this negative trend in
consumption fall. We have observed that decline of export and import during the crisis came
from a significant fall in foreign demand and price competitiveness. Nevertheless these two
forces helped to recovery the trade in the post-crisis period.
We employed the estimated model to study the response of the economy to a technology shock
and to a foreign demand shock under alternative fiscal adjustment scenarios. This revealed
interesting policy trade-offs in the choice of the means of fiscal adjustment. We also analysed
various strategies used to lower the public debt permanently from an elevated level in the
environment of low growth, inflation and interest rates, and computed the corresponding im-
plied fiscal multipliers. Generally, we have found these multipliers to be in line with standard
DSGE literature. We found that raising taxes is more harmful for the growth in the short and
long term than expenditure cuts. Among tax measures, direct taxes have larger impact on the
economy than the consumption tax and labour income tax hike is the most injurious especially
for the economy in a recession. Furthermore, we confirmed a substantial role of public goods
(produced using public capital, public sector labour force and social transfers in kind) in the
economy and its complementarity or substitutional impact on consumption of Ricardians and
Non-Ricardians. Cuts in public investment and transfers for Non-Ricardian households are the
most harmful in the long-run for the real economy in a high-debt, low-growth context when fis-
cal consolidation is needed. Most negative short-run externalities are associated with reduction
in the public wage bill and transfers.
There is an interesting further research agenda emerging from this work. First, an empirical
exercise will allow us to determine the key driving forces of business cycle dynamics in Slo-
vakia. Furthermore, we need to trace the impact of these driving forces on model key variables
during last decade. This exercise will help us to carry out conditional and unconditional fore-
casts and various scenario analysis. Second, there are several avenues for further extensions.
Demographic developments are an important aspect of the Slovak economy over the medium-
to long-term not captured in this framework. Explicit modelling of services, labour force par-
ticipation, unemployment and labour market interactions seem to be extensions worthwhile to
consider too.
Finally, the assessment this model is not limited to the policy simulations and scenario analysis
only but our aim is to use it to provide forecasting.
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Appendix A Model Steady State

Table H.1 : Post-2009 Model Steady-State I.
Variable Description Sector Value Input

ηA Domestic real economy growth rate (p.a.) External 1.03 X
ηX ηA Trade volumes growth rate (p.a.) External 1.05 X
ηA,∗ Foreign real economy growth rate (p.a.) External 1.01 X
ϖeu Weight of Euro Area in foreign economy External 1 X

mcmm Aggregate demand for imports (excl. energy) Production 0.81 X
p f f Aggregate exports to GDP Production 0.94 X

ΠCPI Domestic CPI Inflation Prices 1.02 X
Rd Gross Returns on domestic bonds (p.a.) Monetary 1.04 X
Π∗ Foreign inflation External 1.02 X
Reu Baseline Interest Rate Monetary 1.02 X
c Aggregate consumption of private goods to GDP Household 0.55 X

debt Domestic public debt Fiscal 0.40 X

d̃ebt
0

Known debt/GDP ratio Monetary 0.427 X
p0 Known gross risk premium for a given debt/GDP Monetary 0.011 X
αe Energy weight in production of intermediate good Production 0.08 X

f debt Net external (private) debt Fiscal 0.38 X
g Government purchase to GDP Fiscal 0.10 X

wghg Compensations for employees to GDP: public sector Fiscal 0.09 X
tr Transfers for households to GDP Fiscal 0.14 X
τc Consumption tax rate Fiscal 0.15 X
τw Labour tax rate Fiscal 0.39 X

wphp Compensations for employees to GDP: private sector Labour 0.28 X
h Aggregate labour supply Labour 0.62 X

hg/hp Public-to-Private sector employment Labour 0.25 X
κc (Efficient) consumption habit persistence Household 0.75 X
i Aggregate investment Production 0.22 X
ig Government gross fixed cap. formation Fiscal 0.035 X
σ k Capital/Labour share : private sector Production 0.55 X
σ cg

Capital/Labour share : public sector Production 0.55 X
σe Elasticity of substitution: energy vs. capital+labour Production 0.15 X
σc Elast. of substitution (consumption): imports vs. domestic Production 1/(1-.3) X
σi Elast. of substitution (investment): imports vs. domestic Production 1/(1-.2) X
σ f Elast. of substitution (export): imports vs. domestic Production 1/(1-.2) X
σh Elast. of substitution (labour): private vs. public firms Labour 0.5 X
ϑw Private sector wage markup Labour 5 X
θ f Inverse of price markup : exports Production 0.9900 X
cg Public goods consumption Production 0.14 X
νh Frisch elasticity Household 4/3 X

mc/c Share of imports on consumption goods Production 0.35 X
mi/i Share of imports on investment goods Production 0.60 X

m f / f Share of imports on export goods Production 0.55 X
subp Government subsidies to private sector Fiscal 0.01 X
subg Government subsidies to public sector Fiscal 0.05 X
ca Current Account Fiscal 0.005 X

αc Imports weight in production of consumption good Production 0.4880
αi Imports weight in production of investment good Production 0.6767
α f Imports weight in production of export good Production 0.6304

η∆R Interest Rate Wedge Monetary 0.9904
wh Aggregate Wage Bill Labour 0.37
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Table H.2 : Post-2009 Model Steady-State II.

Variable Description Sector Value Input
gc Unproductive government purchase to GDP Fiscal 0.04
R f Gross Returns on foreign bonds (p.a.) Monetary 1.1085
αH Private Sector weight in aggregate labour supply Labour 0.7679
cr Aggregate consumption of Ricardians Household 0.54
cn Aggregate consumption of Non-Ricardians Household 0.54
pee Aggregate demand for energy Production 0.09
de f Primary deficit to GDP Fiscal 0.001
β Discount factor (p.a.) Household 0.9808
ηc Consumption goods common technology process Production 0.4604
η i Investment goods common technology process Production 0.6181
η f Export goods common technology process Production 0.5853
ηg Government goods common technology process Production 0.2638
δ Capital depreciation ratio (p.a.) Household 0.0449

ηm Import goods common technology process Production 1.0325
ηcg

Public goods common technology process Production 1.0007
exp Government expenditures Fiscal 0.3650

Πc,Πi,Πg,Πx Domestic Price Inflations Prices 1.02
Πw,Πw,p,Πw,g Domestic Wage Inflations Labour 1.02

Π
f
,Π f ,Πm Export/Import Price Inflation Prices 1.02

Π
F
,ΠM Export/Import Price Inflation (nonstationary) Prices 0.9715

prem f External Debt Risk Premium (p.a.) Monetary 0.0832
premsk Country-specific Risk Premium (p.a.) Monetary 0.0638
premd Government Debt Risk Premium (p.a.) Monetary 0.0194

hg Aggregate public sector labour supply Labour 0.1240
hp Aggregate private sector labour supply Labour 0.4960
ih Household (private) investment Household 0.185
ι∗ Net factor income External 0.0350
m Aggregate demand for import Production 0.8363
θm Inverse of price markup : imports Production 0.9685
θx Inverse of price markup : domestic producers Production 0.7386
tb Trade balance Fiscal 0.04
trn Government transfers for the Non-Ricardians to GDP Fiscal 0.1025
trr Government transfers for the Ricardians to GDP Fiscal 0.0375
τk Consumption tax rate Fiscal 0.2306

φ τc
τc Consumption tax revenues to GDP Fiscal 0.0825

φ τk
τk Capital tax revenues to GDP Fiscal 0.1372

φ τw
τw Labour tax revenues to GDP Fiscal 0.1443

rev Aggregate revenues to GDP Fiscal 0.3640
wh Aggregate compensations for employees to GDP Fiscal 0.3600
rk Real return on capital (p.a.) Production 0.0834
div Dividends Household 0.2528
ψ Aggregate profits to GDP Production 0.2878
ψ f Profits of exporters to GDP Production 0.0094
ψm Profits of importers to GDP Production 0.0263
ψx Profits of domestic producers to GDP Production 0.2520
w Real wage (both sectors) Labour 0.5968
wp Real wage : private sector Labour 0.5645
wg Real wage : public sector Labour 0.7258
kh Household capital to GDP Households 4.0931
kg Government capital to GDP Fiscal 0.7399
ζ h Labour disutility scaling factor Households 0.4656
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Appendix B Empirical Analysis

B.1 Priors & Posteriors
Figure H.1 : Priors & Posteriors I.
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Figure H.2 : Priors & Posteriors II.
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Table H.3 : Priors and Posteriors : Shocks
Prior Distribution Posterior Distribution

Parameter Type Mean St. Dev. Mean St. Dev.
Households

σtrr Transfers variance (Ricardians) IG 0.4 0.075 0.4092 0.0336
σ

η i,h Investment shock variance IG 0.65 0.1 0.6354 0.1162
σQ Tobin’s q shock variance IG 0.5 0.075 0.4906 0.0680

σξ ,i,h Investment efficiency variance IG 1.25 0.2 1.0641 0.1321
σφL

Household preference shock IG 0.5 0.1 0.8601 0.0905
Monetary Policy

ξsk Country premium shock variance IG 1 0.15 1.1675 0.0927
σpremd Public bonds risk premium variance IG 1 0.15 0.4906 0.0460

σ∆R Interest rate wedge variance IG 0.5 0.1 0.3834 0.0607
Production

σa Private sector TFP shock variance IG 0.7 0.075 0.5593 0.0413
σ∗ Export vs foreign dem. elasticity shock IG 0.5 0.075 0.3513 0.0360
σcg Public sector technology shock variance IG 1 0.15 2.2789 0.2503

Prices & Wages
σθ x Cost-push shock (intermediate goods) IG 0.25 0.05 0.2326 0.0276
σθ m Cost-push shock (imports) IG 0.25 0.05 0.1950 0.0207
σθ f Cost-push shock (exports) IG 0.25 0.05 0.1839 0.0217

σϑ w,p Cost-push shock (private wage) IG 0.75 0.15 0.7919 0.1811
σwg Shock to public wage indexation IG 0.3 0.075 0.3018 0.0263

Fiscal Policy
ση i,g Government investment shock variance IG 0.9 0.15 0.9297 0.2030
σtr Transfers shock variance IG 0.5 0.1 0.3397 0.0407

σwhg Public wage bill shock variance IG 0.75 0.1 0.4624 0.0431
σsubp Subsidies to private sector variance IG 1 0.125 2.6652 0.2032
σsubg Subsidies to public sector variance IG 1 0.125 0.9992 0.0817
σgc Government unprod. consumption shock IG 1 0.125 1.4588 0.1258
σig Gov. Gross capital formation shock IG 1.5 0.15 1.5460 0.0940
στc Consumption tax shock variance IG 0.5 0.075 0.7646 0.0609
σ

τk Capital tax shock variance IG 0.5 0.1 0.6780 0.1001
στw Labour tax shock variance IG 0.2 0.075 1.0693 0.0401
σde f Primary deficit shock variance IG 1 0.15 0.5675 0.0505

External Environment
σpe Oil price shock N 3.5 0.5 3.4897 0.0529
σω∗ Foreign demand shock variance IG 1 0.15 0.8317 0.0764
σι∗ Factor income variance IG 4 0.5 4.3225 0.3043
σ eu

y EU output gap shock variance IG 0.05 0.05 0.0550 0.0076
σ eu

i ECB interest rate shock variance IG 1 0.1 1.6829 0.1074
σ eu

π EU inflation shock variance IG 0.05 0.05 0.0306 0.0038
Growth Technologies

σηA Domestic growth variance IG 0.01 0.005 0.0238 0.0087
σηA,∗ Foreign growth variance IG 0.05 0.05 0.0583 0.0069
σηX Export-specific growth variance IG 0.1 0.05 0.0653 0.0218
σηO Trade openness growth variance IG 0.6 0.075 0.7481 0.0616
σηQ Quality growth variance IG 0.4 0.075 0.2972 0.0384
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B.2 Forecast Error Variance Decomposition

Figure H.3 : Relative Shock Contributions I.
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Figure H.4 : Relative Shock Contributions II.
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B.3 Filtered Shocks

Figure H.5 : Filtration of estimated shocks I.
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Figure H.6 : Filtration of estimated shocks II.

B.4 Shock Contribution

Figure H.7 : Contribution of Shocks I.

Simulated (using Kalman filter) contribution of shocks to model variables. Thick black line illustrates the percentage deviation of
the variable from its steady state. Growth rates (measured as QoQ growth in percent) are annualised.
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Figure H.8 : Contribution of Shocks II.

Simulated (using Kalman filter) contribution of shocks to model variables. Thick black line illustrates the percentage deviation of
the variable from its steady state. Growth rates (measured as QoQ growth in percent) are annualised.
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Figure H.9 : Contribution of Shocks III. (cont.)

Figure H.10 : Contribution of Shocks IV.
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Appendix C Model Dynamics and Fiscal Policy Simulations

C.1 Impulse Responses Figure H.11 : Positive Technology Shock.

Blue lines represent model responses when government adjusts labour tax rate, dark lines illustrate the response if government
changes transfers, under realistic fiscal policy rules. Dashed lines correspond to reactions when a constant budget rule is used.

Time is in quarters and responses are measured as absolute deviations (in percentage points) from the variable equilibrium value.
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Figure H.12 : Negative Foreign Demand Shock.

Blue lines represent model responses when government adjusts labour tax rate, dark lines illustrate the response if government
changes transfers for Non-Ricardians, under realistic fiscal policy rules. Dashed lines correspond to reactions when instead of

realist policy rules a simple constant budget rule is used. Time (on x-axis) is in quarters and responses are measured as absolute
deviations (in percentage points) from the variable equilibrium value. Purple line depicts the negative EU output shock.
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C.2 Fiscal Consolidation Simulations
Figure H.13 : Fiscal Consolidation Scenarios

Blue lines represent model responses when government adjusts labour tax rate, dark lines illustrate the response if government
changes transfers for Ricardians, under realistic fiscal policy rules. Dashed lines correspond to reactions when instead of realist

policy rules a simple constant budget rule is used. Time (on x-axis) is in quarters and responses are measured as absolute
deviations (in percentage points) from the variable equilibrium value. Purple line depicts the negative EU output shock.
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C.3 Fiscal Multipliers

Figure H.14 : Steady-State Fiscal Multipliers

Plots on the left illustrate the evolution of the fiscal multipliers calculated under the assumption on steady-state initial conditions
when Taylor-like fiscal rules are employed, plots on the right represent fiscal multipliers obtained using realistic fiscal rules.

Figure H.15 : Fiscal Multipliers in a Recession

Plots on the left illustrate the evolution of the fiscal multipliers calculated under the assumption of current initial conditions if
Taylor-like fiscal rules are employed, plots on the right represent fiscal multipliers obtained using realistic fiscal rules.
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