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SUMMARY: This paper analyses the impact of fiscal policy on economic
activity in Bulgaria and provides a range of estimates for the tax and spend-
ing multipliers. We compare the results of linear VAR models with the output
from time-varying parameters Bayesian VAR with stochastic volatility. In all
model specifications, first-year spending multipliers do not exceed 0.4, imply-
ing that there is not much to gain in terms of economic output from demand
stimulating fiscal policy in Bulgaria. There is a lot of uncertainty in regards
to the size of the tax multipliers, given contrasting results from VARs with
different identification techniques, but the overall output effect of tax meas-
ures appears to be small and short-lived. The results from the linear models
are largely consistent with the output from the time-varying parameters VAR
model, which indicates that the size of first-year spending multiplier has dou-
bled during the recent global crisis, but remains no larger than 0.3. These
findings support the general view in the literature that fiscal multipliers are
higher during periods of economic recession, but they are typically small in
small open economies.

Keywords: Fiscal policy, Structural VAR models, Fiscal multipliers, Govern-
ment spending, Bayesian estimation, Time-varying parameters
JEL Codes: C11, C32, E62
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Introduction

The strand of literature researching the effect of fiscal policy on the
economy has gained momentum after the 2007/2008 global financial tur-
moil. While initially the main question for the policy makers was about the
size and appropriate mix of fiscal stimuli to counteract the severe economic
downturn, sovereign debt sustainability issues soon moved the focus of the
discussion on fiscal consolidation strategies and the quantification of the ex-
pected negative effects on output. In both cases, however, the output ef-
fects of fiscal policy, as measured by the fiscal multiplier, are in the center
of the discussion. Broadly speaking, the fiscal multiplier is used to measure
the overall effect of discretionary fiscal policy on economic output. In 2012
the debate on the size of the fiscal multipliers has become even more rele-
vant, as the economic recovery was weaker than expected in most European
countries and the euro area fell into recession for a second time.

Despite its high importance and the large number of research papers
published in recent years, the discussion regarding the macroeconomic ef-
fects of fiscal policy remains a highly controversial one. In fact, there is no
theoretical consensus on the size and even the sign of the fiscal multipliers,
with neoclassical and new Keynesian macroeconomic models predicting dif-
ferent responses of private consumption, employment and real wages, fol-
lowing a fiscal shock. The numerous studies published since the onset of the
global crisis did not manage to provide firm support for either of the theoreti-
cal models. On the contrary, the estimates of the size of the fiscal multipliers
are now dispersed over an even broader range, which is largely due to the
lack of consensus on the most appropriate way of their assessment.

The aim of this paper is to contribute to the analysis and the debate on
the macroeconomic effects of fiscal policy by providing a range of estimates
for the fiscal multipliers in Bulgaria. For the purpose, we estimate several
linear and time-varying parameter vector autoregressive models. Our con-
tribution to the existing body of literature is twofold. First, the paper adds to
a small but growing literature on the effects of fiscal policy in Central and
Eastern Europe and Bulgaria in particular, by applying methodologies that
have been found useful in assessing fiscal multipliers in the more advanced
European economies. Second, we contribute to the relatively new and so
far limited research effort of employing time-varying parameter VAR models
to study the output effects of fiscal policy over time. We consider the ap-
plication of this methodology to be especially relevant for analyzing fiscal
policy in Eastern European economies, where many factors for non-linearity
and time-dependent effects of fiscal stimuli have been present in the last 15
years.
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The rest of the paper is structured as follows: the next section provides
a brief overview of the related literature, including useful definitions and list
of the main factors that affect the multipliers’ size and their variation over
time; Section 3 briefly presents the mostly widely used evaluation method-
ologies for measuring fiscal multipliers and reviews the different techniques
for identification of fiscal policy shocks; Section 4 and Section 5 describe the
data and the models that we use in the empirical study; Section 6 presents
the results, while Section 7 is dedicated to the concluding remarks and the
policy implications of the results.

Overview of related literature

Definition of fiscal multipliers

A brief overview of the related publications points to the conclusion that
the fiscal multipliers are found in many different forms in the academic lit-
erature and their size varies considerably even if the analyses are focused
on a specific economy, region and time span. In this study, along with the
common practice, the fiscal multiplier is measured by the ratio of the change
in GDP, or other measure of output, to the exogenous change in a fiscal
variable that has caused the effect on output. For example, the spending
multiplier represents the change of GDP due to a discretionary increase of
government spending (fiscal shock). Thus, if the fiscal multiplier is higher or
smaller than unity, fiscal expansion would respectively crowd-in or crowd-out
some component of aggregate demand and consequently output. Depend-
ing on the fiscal variable that is chosen for the assessment, the multiplier
could be defined as government consumption multiplier, government invest-
ment multiplier, tax multiplier (which can be further broken down to direct or
indirect tax multiplier, net tax multiplier etc.), lump-sum transfers multiplier,
etc. Also, the definition of the fiscal multipliers may differ according to the
period of time considered in the assessment. For instance, the impact multi-
plier refers to the estimated ratio in the first period (e.g. first quarter) follow-
ing the fiscal shock, while the cumulative multiplier refers to the ratio of the
cumulative changes in the output and the fiscal variable over a specified time
horizon (Spilimbergo et al., 2009). Short-, medium- and long-term multipliers
are also frequently used notions in the literature. Short-term multipliers usu-
ally provide a measure of the output effects up to one year after the fiscal
shock has taken place, while the medium-term multipliers are typically calcu-
lated for a period between 1 and 3 years.



Determinants of fiscal multipliers

Overall, there is a broad consensus in the academic literature about the
main factors that affect the size of the fiscal multipliers. Spilimbergo et al.
(2009) have grouped the most relevant of them.

First, fiscal multipliers are considered to be larger when only a small part
of the additional income generated by the fiscal stimulus is saved by the
private sector or used for imported goods and services (thus limiting the
negative effect on output resulting from lower consumption or higher im-
ports). These conditions are particularly valid when: the economy is large or
relatively closed (i.e. the marginal propensity to import is relatively small); the
structure of the stimulus is such that it does not affect imports and it is mostly
based on an increase in government expenditure, rather than a decrease in
taxes;' the marginal propensity to consume is high and the stimulus is tar-
geted towards credit or liquidity constrained consumers (i.e. hand-to-mouth
consumers); following fiscal stimulus the economic agents do not expect fu-
ture offsetting measures due to short planning horizon or poorly formulated
expectations for the future (i.e. non-Ricardian households);* the automatic
stabilizers are small’ and the efficiency of public spending is high.

Second, the size of the fiscal multiplier, at least theoretically, depends on
the monetary policy response to the fiscal shock (expansion). The traditional
argument in the literature follows the Mundell-Fleming proposition, which
implies that fiscal multipliers are lower in economies with floating exchange
rates regimes. Born et al. (2012) discuss the relevance of the Mundell-Flem-
ing proposition in explaining the size of fiscal multipliers and its empirical
validity. The authors conclude that the difference between the size of the
spending multipliers in economies under fixed and floating exchange rate
are smaller than what the traditional Mundell-Fleming analysis would suggest.

The sustainability of the fiscal stance after the stimulus is another impor-
tant determinant of the multiplier’s size. Excessively high or rapidly rising gov-

" The increase in government expenditure usually has a more direct effect on aggregate demand
(increase in social transfers in kind, government purchases of goods and services etc.), while the
additional income from a tax decrease might be saved by the consumers, thus limiting the second
round effects on aggregate demand.

? Le., the economic agents do not expect an increase in taxes in the future as a result of fiscal
stimulus today. Therefore, the agents would rather spend the additional income, resulting from the
stimulus, rather than increase precautionary savings in anticipation of higher taxation in the future.
In the case when the Ricardian equivalence is valid, private saving would offset the effects from the
expansionary fiscal policy, especially if the fiscal shock is permanent.

* Smaller automatic stabilizers are associated with relatively smaller output elasticity of govern-
ment revenue and spending. Therefore, the automatic offset effect, resulting from the fiscal stimulus,
would be more limited.
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ernment debt levels might negatively affect the effectiveness of fiscal policy
in stimulating economic output, as demonstrated by Kirchner et al. (2010)
and Nickel and Tudyka (2013). Considering the increasing or already high
level of public indebtedness, private agents would perceive the present fiscal
situation as unsustainable. Therefore, the fiscal stimulus would lead to lower
private consumption and higher precautionary savings, as agents expect
higher taxes or lower government consumption in the future, as a result of
the higher deficit today. Such argument is strongly supported in the literature
on expansionary fiscal contractions (Giavazzi and Pagano, 1990)" and it is to
a large extent supported by the latest developments in the EU.

More recent studies have found that the degree of financial market de-
velopment of the country could also affect the size of the fiscal multipliers.
Limited credit availability would result in higher share of liquidity-constrained
households and companies, which would spend the additional income, as-
sociated with the fiscal stimulus, in order to smooth their consumption or
investment needs.

Time-variation in fiscal multipliers

The assessment of the fiscal multipliers becomes even more complicated,
especially in the current economic environment, by the fact that their size
(and possibly the sign) varies over time. Indeed, subsample instability has
often been observed in the recent empirical studies (e.g. Pereira and Lopes,
2010). Specifically, the size of the fiscal multipliers is found to be depend-
ent on the underlying state of the economy, as argued by Spilimbergo et al
(2009), Baum and Koester (2011, 2012) and Auerbach and Gorodnichenko
(2010, 2011). In most cases, fiscal multipliers tend to be larger in downturns
than in expansions. This asymmetry has important fiscal policy implications,
especially regarding the choice between frontloading and back-loading the
required fiscal consolidation effort. Nevertheless, there are several sources
of the economic-state dependent character of the multipliers that should be
considered when choosing the appropriate adjustment strategy.

On the one hand, fiscal multipliers might be larger in periods of econom-
ic recessions since the negative output gap allows the monetary authority
to accommodate the increase in demand (as a result of expansionary fiscal
measures) without having to increase interest rates, which would otherwise

* Giavazzi and Pagano (1990) find empirical relevance for expansionary effects of fiscal contrac-
tion for the case of Denmark in the 80’s where cuts in government spending were associated with
an increase in consumption even after controlling for wealth and income, and even in the presence
of a substantial increase in current taxes.



offset part of the fiscal stimuli effects. In the opposite case, the monetary au-
thority would not increase the money supply as a response to the increase in
output due to the associated inflationary pressure. This, in turn would appre-
ciate the local currency (due to increase in interest rates and capital inflows)
and reduce net exports, hence, offsetting the initial fiscal expansion effect on
output. Under a fixed exchange rate, however, the fiscal expansion would im-
ply increase in money demand and a corresponding increase in money sup-
ply, with no offsetting effect through a decrease in net exports. Moreover,
the share of liquidity and/or credit constrained households and companies
usually increases in downturns and allows for a much stronger effect of fiscal
stimuli on private consumption and output, as greater part of the additional
income would be consumed or invested, but not saved. On the contrary,
periods of severe recession could trigger high levels of precautionary savings,
given the heightened risk of unemployment and lower income. This would
decrease the effect of the fiscal stimulus, due to the limited second round
effects on private consumption. Similarly, the corporate sector may also post-
pone or abandon investment projects in view of the uncertainty about the
economic outlook.

The size of fiscal multipliers

The variation of the multiplier’s size over time is particularly relevant for
the catching-up economies of the EU, such as Bulgaria, which have expe-
rienced a number of significant structural changes that have undoubtedly
influenced the output effects of fiscal policy. These episodes of structural
reforms and the short data series pose challenges in quantifying the fiscal
multipliers in these countries. To a large extend these are the reasons why
the estimates on the fiscal multipliers in catching-up economies are scarce
and mostly based on panel data approaches. Overall, the few existing studies
suggest that spending and tax multipliers in the new Member States of the
EU are very small’ or at least considerably lower as compared to the esti-
mates for the large economies, such as the USA, Germany, France and UK,®
which is largely due to the high degree of economic openness in the smaller
countries. In terms of magnitude, Spilimbergo et. al (2009) suggests a rule
of thumb - 1.5 to 1 for spending multipliers in large countries, 1 to 0.5 for

® E.g. llzetzki et al. (2010) conclude that fiscal multipliers are lower in small open economies
because of the crowding out of net exports. More evidence on Central and Eastern European coun-
tries can be found in Lendvai (2007) for Hungary, Bencik (2009) for Slovakia and Mirdala (2009) for
Bulgaria, Romania, Poland, Czech Republic, Slovakia and Hungary.

® Boussard et al. (2012) provide summary tables of results from VAR model-based expenditure
and net taxes multipliers in US, Germany, France, Italy, Spain, UK, Portugal and the Euro area.
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medium-sized countries, and 0.5 or less for small open countries. In all cases,
tax multipliers are generally found to be lower. The results of the recent study
of Muir and Weber (2013) are broadly in line with the approximation of
Spilimbergo et. al (2009). The authors find that first-year spending multipliers
in Bulgaria are around zero, while the first-year revenue multipliers are in the
range of 0.3 - 0.4. Moreover, Muir and Weber (2013) find evidence that that
during periods of recession, the first-year responses of output to a positive
spending and a revenue shocks are close to 0.3 and -0.5, respectively. During
expansions, the responses decrease to 0.2 and -0.4, respectively. These find-
ings add to the empirical evidences, which suggest that active fiscal policy is
more effective during downturns, but the effect of fiscal stimuli is generally
small in small open economies, such as Bulgaria.

Overview of the estimation techniques

The growing body of research studies on fiscal multiplies utilizes several
different approaches for assessing the impact of fiscal stimuli on macroe-
conomic developments. The most widely used approaches are the empiri-
cal estimates based on vector autoregressive (VAR) models and structural
model-based evaluations, such as Dynamic Stochastic General Equilibrium
(DSGE) models.

An often cited shortcoming of assessments based on simulations with
structural models is that the estimated multiplier is largely dependent on
their theoretical construction. Particularly, the results are significantly influ-
enced by the forward looking features of the models, the assumptions about
the utility function of the individuals, the production function of the firms,
the source of nominal rigidities and the monetary policy reaction function
(Spilimbergo et al, 2009, Perrotti, 2007, Christiano et al, 2010 and Coenen,
2012 for a review). On the other hand, DSGE models are suitable for assess-
ing fiscal multipliers by instrument (i.e. specific budgetary item) since they
are not subject to restrictions in the number of explanatory variables. Over-
all, fiscal multipliers estimated by DSGE models are found to be lower as
compared to empirical models, such as the VAR-based models. In the DSGE
setup, the share of liquidity constrained households appears to be the most
relevant parameter in influencing the size of the impact spending multipliers,
as pointed out by the meta-analysis of Leeper et al. (2011).

The effects of discretionary fiscal policy can be also identified by case
studies, based on well documented changes in tax policy or discretionary
government spending. The advantage of this approach, followed by Romer
and Romer (2010), is that the timing of the announcement of the fiscal meas-
ure can be clearly identified. At this point of time the future expectations of



the economic agents are formed, which is considered to be the relevant mo-
ment for assessing their reaction and the resulting output effect, rather than
the moment of the actual implementation of the measure. This methodol-
ogy offers certain advantages over the more commonly used approaches for
identification of discretionary fiscal policy shocks, but it requires long data
series with the presence of many such episodes of exogenous fiscal shocks.
Data series of this kind, however, are rarely available.

Linear VAR Models

As compared to the DSGE models, VAR-based specifications have the
advantage of being unrestricted by a predetermined theoretical construc-
tion, but on the other hand, important structural features of the economy
might be omitted by the empirical model. Another fundamental difference
between the two most widely used techniques concerns the nature of the
fiscal shock. In addition to the economic environment, the monetary regime
and the other factors outlined in the introduction, the nature and the compo-
sition of the fiscal shock significantly influences fiscal multipliers estimates.
Typically, the VAR models rely on specific temporary fiscal shocks, while
structural models allow for policy evaluations based on both temporary and
permanent shocks. Therefore, a comparison between the results of the two
techniques is not always appropriate.

In fact, the identification of the presumably exogenous fiscal shocks is
a major issue in the VAR models. As demonstrated by Caldera and Camps
(2008), different identification schemes of the fiscal shocks can significantly
affect the estimates.

The most widely applied identification approaches in the linear VAR-
based studies include:

- The recursive approach, introduced by Sims (1980) and later applied by
Fatds and Mihov (2001), Giuliodori and Beetsma (2004), Alfonso and Sousa
(2009) and many others. This approach is based on the recursive Cholesky
decomposition of the variance-covariance matrix of the model residuals and
requires strong and sometimes arguable assumptions about the contempora-
neous relations between the variables in the model specification. The recursive
identification scheme is used to evaluate fiscal policy effects in several studies
on the new members of the EU (i.e. Mirdala, 2009 and Lendvai, 2007).

- The structural VAR approach proposed by Blanchard and Perotti (2002)
and further extended in Perotti (2005). Especially in the recent years, this ap-
proach is among the most widely applied fiscal shock identification schemes
for empirical evaluation of fiscal multipliers. The technique of Blanchard and
Perotti (2002) is based on out-of-the-model institutional information on the
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automatic responses of government spending and taxes to economic activ-
ity (budgetary output elasticities) and requires certain assumptions about
the period of time, which is needed for the government to implement dis-
cretionary fiscal measures in response to output innovations. This approach
(henceforth BP approach) is extensively applied in studies on fiscal multipli-
ers in the euro area countries,” but it is also dominant in the analysis on the
catching-up European economies.’®

- The sign-restrictions approach developed by Uhlig (2005) and applied
by Mountford and Uhlig (2005) and Caldara and Kamps (2008). This meth-
odology involves simultaneous identification of business cycle and fiscal
policy shocks by imposing sign restriction on the impulse responses. For
instance, the business cycle shock is identified by restricting the impulse
responses of output and net taxes to be positive for at least four quarters
following the shock. The tax shock is identified by restricting the impulse
responses of government taxes to be positive for at least four quarters fol-
lowing the shock, etc. The advantage of this technique is that it controls
for a frequently observed problem in empirical studies related to a puzzling
result of an increase in output as a response to a positive tax shock. At the
same time, however, the sign-restrictions approach’ tends to overestimate
the negative response of output after a tax increase, as argued by Caldara
and Kamps (2008).

- The event-study approach of Ramey and Shapiro (1998), which is used
to analyze the output effects resulting from large unexpected increases in
government spending (in this case - defence spending). Similar identification
techniques have been applied by Perotti (2007), Ramey (2007) and Caldara
and Kamps (2008). The application of an event-study technique may provide
valuable information on the economic effects of fiscal shocks, but it requires
long data series of well-documented exogenous spending shocks, which is
rarely available. Therefore, its application is limited primarily to studies based
on data for the United States."”

- The long-run restrictions approach, which imposes restrictions on the re-
sponses of the variables in the VAR model, as in Blanchard and Quah (1998).

7 Caprioli and Momigliano (2011) provide a detailed comparison of studies and estimates on the
euro area, Germany, France, Italy, Spain and the UK.

% See for instance: Jemec et al (2011) for a study on Slovenia, Cuaresma et al (2011) for a study
on five Central and Eastern European economies, Bencik (2009) for a study on Slovakia, Mancellari
(2011) for a study on Albania and Muir and Weber (2013) for a study on Bulgaria.

? The sign-restrictions approach has been applied by Bencik (2009) for an analysis on the Slova-
kian economy.

1% See Caprioli and Momigliano (2011) for a more detailed reference.



The identification strategy imposes a long-run neutrality assumption on some
of the variables.'" Mirdala (2009) follows this approach to analyze the output
effects of fiscal policy shocks in the several of the new Member States of
the EU, including the Czech Republic, Hungary, Poland, the Slovak republic,
Bulgaria and Romania. The results are then compared to the outcome of
a VAR model with a recursive identification scheme. The two approaches
provide quite similar results for both the tax and the spending multipliers.
Yet, to the extent that long-run neutrality assumptions seem to be quite argu-
able and rarely used in the fiscal policy literature, we refrain from using this
methodology in this paper.

Non-linear VAR Models

The VAR models provide valuable information about the output effects
of fiscal policy, but the drawbacks and the caveats of the different estima-
tion techniques should be always kept in mind. On the one hand, VAR esti-
mates of fiscal multipliers are highly dependent on the type of identification
scheme, which tend to diverge considerably, especially with respect to the
output effects of tax changes, as shown by Caldara and Kapms (2008). On
the other hand, most of the studies on the output effects of fiscal policy, es-
pecially before the recent crisis, are based on linear vector auto-regressions,
which ignore the state of the economy and assume that the fiscal multi-
plier time invariant. As Parker (2011) points out, linear models (including
linearized or close-to-linear structural models) provide weighted average es-
timate between the ‘important multiplier’, which operates during economic
downturn and the ‘less relevant’ multiplier, which applies during periods of
economic expansion. Therefore, since the beginning of the crisis, the non-lin-
ear effects of fiscal policy became subject to extensive research. The studies
that provide evidence for a relationship between the size of the fiscal mul-
tipliers and the underlying state of the economy are also based on several
different econometric methodologies, including: threshold VAR models (e.g.
Baum and Koester, 2011, for Germany, Baum et al., 2012, for the G7 coun-
tries, except Italy, Muir and Weber, 2013, for Bulgaria), time-varying param-
eter VAR models with stochastic volatility (Kirchner et al., 2010) and Smooth
Transition Vector Autoregressive models (Auerbach and Gorodnichenko,
2010 and extended in Auerbach and Gorodnichenko, 2011).

" Typically, it is assumed that government spending does not permanently affect tax revenues
and vice versa, real output does not have a permanent effect on government expenditures and
inflation , inflation does not have a permanent effect on government expenditures and real output
and interest rates do not have a permanent effect on any other endogenous variable of the model.
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Data Description

For the purpose of this study we have chosen to use quarterly accrual fis-
cal data (based on ESA 95'* definition), rather than cash-based data, where
longer data series are available. This is strongly justified as it enables us to
compare results with other studies on European economies, most of which
are based on ESA 95 data.” In addition, fiscal data on accrual basis takes
into account the payment lags in tax revenue, it offers a better treatment of
EU funds related transfers and it accounts for the accumulation of public ar-
rears. All fiscal variables are taken or derived from the quarterly non-financial
accounts of the general government (QNFAGG) for the period Q1 1999 -
Q3 2011. The fiscal variables have been deflated and log-transformed before
being seasonally adjusted with TRAMO-SEATS in EViews.

A key issue in fiscal multipliers studies is the specific definition of tax and
expenditure aggregates that are used in the models. In the study of Blan-
chard and Perotti (2002) the net taxes aggregate is defined as total tax rev-
enues minus social transfers and net interest payable, while the government
spending variable is the sum of government consumption and government
investment. The argument for not including social transfers in the expendi-
ture aggregate and subtracting them from government revenues is that social
transfers have similar redistributional effects as taxes do. This approach is
perhaps the most universal one in the fiscal multipliers literature and it is
also applied in Jemec et al. (2011) for Slovenia, Cuaresma et al. (2011) for
five Central and Eastern European countries and Mirdala (2009) for Bulgaria,
Romania, Poland, Czech Republic, Slovakia and Hungary. Alternatively, there
are strong arguments for including social payments on the expenditure side
as they account for a substantial part of total government spending, espe-
cially in Bulgaria, and represent an important instrument for stimulating in-
ternal demand. Therefore, we construct two different sets of government tax
and expenditure aggregates. The one, which is based on the Blanchard and
Perotti (2002) definition, is used in the baseline model, while the alternative
one, which includes social payments, is used to check the robustness of the
results from the baseline model.

Further details on the data, including the definition of the variables, their
sources and treatment are presented in Appendix A.

2 European System of National and Regional Accounts.

3 A notable exception is a paper by Caprioli, and Momigliano (2011) for Italy, who rely on cash-
based data for government wages and intermediate consumption.



Models Description

Our assessment on the multipliers in Bulgaria is based on two different
estimation approaches. First, we estimate linear vector auto-regression mod-
els with two different identification schemes. As a starting point we estimate
a standard VAR model with recursive identification scheme, similarly to Fatas
and Mihov (2001). This specification allow us to compare results with the
study of Mirdala (2009), which is based on the same identification scheme
and includes estimates for the tax and spending multipliers in Bulgaria. In ad-
dition, the results of the recursive VAR is often used as a benchmark, when
compared to the output of models with a more sophisticated identification
schemes, such as the one of Blanchard and Perotti (2002). The approach of
Blanchard and Perotti (2002) is among the most widely used methods in the
literature for measuring fiscal multipliers. Applying it for Bulgaria will allow
us to compare results with other similar studies on European economies, in-
cluding the recent study of Muir and Weber (2013) for Bulgaria. For the time
being we refrain from estimating models with other identification schemes
largely due to data availability constraints or reservations regarding the as-
sumptions they require.

As a second step, we analyse the variation in the size of the spending
consumption multiplier in Bulgaria by estimating a time-varying parameter
VAR with stochastic volatility. We have chosen this approach for several rea-
sons. First, VAR-based techniques are subject to much less computational
challenges than structural models for capturing the non-linear nature of the
multiplier’s size. Second, among the available techniques, the use of Bayes-
ian methods to estimate time-varying parameter VAR models offers some
advantages over sub-sample or rolling-sample estimates as it allows greater
flexibility in modelling non-linearity and time heterogeneity (Pereira and
Lopes, 2010). This approach allows us to test for non-linear output effects
of the fiscal policy in Bulgaria, which might have been caused by structural
changes that cannot be easily identified a priori, or they may take the form of
processes that last a number of years (Kirchner at al., 2010). The alternative
approach of including sub-sample or rolling-window estimation is not ap-
propriate for the purposes of this study mainly due to the short length of the
time series. In addition, the gradual nature of some of the structural changes
in Bulgaria will not be properly captured by a sub-sample estimation.

The recursive approach

The baseline VAR model in this study uses the recursive identification ap-
proach, which is based on the Cholesky decomposition of innovations that
allows for the identification of the fiscal policy shocks. The model includes
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three endogenous variables in real terms: government spending, GDP and
net taxes. The definition of government spending and net taxes follows the
one used in Blanchard and Perotti (2002). The ordering of the variables in
the Cholesky decomposition has strong economic implications and requires
that: (a) government spending does not react contemporaneously (in the
same quarter) to any of the shocks in the other variables in the VAR mod-
el, (b) output responds contemporaneously only to shocks in government
spending, (c) taxes respond contemporaneously to shocks in both govern-
ment spending and output. As exogenous variables we include a constant,
a linear time trend and the log-transformed foreign demand for Bulgarian
exports. The inclusion of the foreign demand variable is to account for the
fact that Bulgaria is a small open economy and external shocks have a strong
effect on domestic output. Similar approach has been also applied by Cap-
rioli and Momigliano (2011) for the case of Italy. In their study, however,
foreign demand is added to the list of endogenous variables, but due to the
short data series in the case of Bulgaria and the large numbers of parameters
that has to be estimated, this approach did not provide meaningful results.

In addition to the baseline model, we estimate two extended VAR mod-
els, with recursive identification scheme, which are similar to the specifica-
tions in the study of Fatas and Mihov (2001). In the first one, we add private
consumption and investment, separately, as a fourth exogenous variable.
First, the response of private consumption to a government spending and a
tax shock is estimated. Then, we follow the same procedure by replacing pri-
vate consumption with investment. As in Fatas and Mihov (2001) these two
variables are ordered second - before aggregate GDP. The second exten-
sion of the recursive VAR includes five endogenous (government spending,
GDP, inflation, net taxes and interest rates) and three exogenous variables
(constant, linear time trend and log-transformed foreign demand for Bulgar-
ian exports). We also check whether the results of the models are robust to
the alternative specification of government tax and spending aggregates. The
results from the extended recursive VAR models are reported and discussed
in the robustness check section in the Appendix.

All the details about the estimation methodology of the VAR models with
recursive identification scheme are presented in section B1 in Appendix B.

The approach of Blanchard and Perotti

The approach of Blanchard and Perotti (2002) requires certain assump-
tions about the tax and transfers system and utilizes supplementary estimates
for the budgetary output elasticities (estimated outside the model) in order
to identify structural government spending and revenue shocks in the VAR
setup. Then, the response of output and its main components to a given ex-



ogenous fiscal impulses is estimated. The derivation of the tax revenue elas-
ticity is based on the OECD methodology'* and as it is generally accepted
in the literature we assume a zero elasticity of government spending to GDP.
Net transfers are not included in the government spending aggregate, where-
as they are netted out from tax revenues. Following Perrotti’s argument, an
output elasticity of net transfers of -0.2 has been assumed.

In the baseline specification of the structural VAR (SVAR) model we fol-
low the same fiscal variable definitions, as in Blanchard and Perotti (2002).
This approach allows for comparison of results with other similar studies and
it takes in consideration the plausible assumption that it usually takes more
than one quarter for the government to implement changes in social pay-
ments in the event of a shock in the other expenditure items. As in the base-
line recursive VAR, we estimate the structural VAR model including three
endogenous variables - net taxes, government spending and output.

As a robustness check, we also estimate a structural VAR with the alterna-
tive definition of the fiscal variables used in Baum and Koester (2011). They
define government spending as the sum of compensation of employees, in-
termediate consumption, public investment, social payments and subsidies,
net of unemployment benefits. Such a definition ensures that there are no
items in the government spending aggregate that are automatically adjusted
to the business cycle. There are two arguments for including social transfers
in the expenditure aggregate. First, social payments represent a substantial
part of total government expenditures and therefore they are a major instru-
ment for conducting active fiscal policy. Second, we consider that social
payments are more effective as compared to tax measures in stimulating

economic activity as the associated ‘leakages’ of the fiscal stimulus, both
in terms of increased demand for imports and increase of private savings,
are generally more limited, given the hand-to-mouth characteristics of the
targeted individuals.

Following the approach of Caprioli and Momigliano (2011) we also esti-
mate the model by replacing aggregate output with private output. Estimat-
ing the effects on private GDP in the linear VAR model is often consider
to be more economically meaningful given that the main purpose on the
analysis is to evaluate the effects on private consumption and investment
decisions as a result of a fiscal policy shock. The results from the structural
VAR models with the alternative specifications of the variables are reported
and discussed in the robustness check section in the Appendix.

' Details in Appendix C.
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Further details on econometric methodology behind the structural VAR
approach of Blanchard and Perotti (2002) are presented in section B2 of Ap-
pendix B.

Time-varying parameter VAR model

The time-varying parameter VAR model with stochastic volatility (TVP-
VAR) in this study is based on the specification of Blake and Mumtaz (2012).

The TVP-VAR model estimates are also based on quarterly national ac-
count data,”” including real government consumption, real private consump-
tion and real GDP, all seasonally adjusted with TRAMO SEATS. The input
data is transformed in first-difference logarithms and then divided by the ratio
of the variable of interest to GDP. Thus, we obtain impulse responses, ex-
pressed in terms of percentage of GDP. The initial values of the parameters
in the model are set using ordinary least squares (OLS) estimates over the
full data sample. Due to the volatility of the data series and the need for
theoretical consistency in the results we impose sign restrictions to the im-
pulse responses. This translates into an always positive response of private
consumption to a government spending shock. Thus, only the size of the
response remains unknown.

We have estimated a TVP-VAR with net taxes, private consumption and
output, but the results were not theoretically meaningful and therefore they
are not reported in the study. This, however, is not surprising, given the con-
trasting results in the linear VAR models. Generally, the empirical literature is
less divided with respect to the size of the spending multipliers, while the es-
timates for the tax multiplier cover a much broader range. The estimates for
the tax multipliers are also found to be much more sensitive to the choice of
fiscal shock identification technique. To some extend this is due to the fiscal
foresight problem and the inability of the VAR models to properly account
for the fact that changes in the tax rates for example, are often anticipated
and known ahead of the actual change in the legislation.'®

Detailed description of the TVP-VAR estimation procedure is provided in
section B3 of Appendix B.

!> The time period of consideration for the TVP-VAR is extended to Q2 2012.
1% See Caldara and Kamps (2008) and Leeper et al. (2008) for a discussion.



Results

Overall, the impulse responses of the structural VAR are not considerably
different from the responses of the baseline VAR with the recursive identifica-
tion scheme, especially in regards to the spending shocks (Figures D1 and
D2 in Appendix D).

As shown in Figure D3 in Appendix D, the impulse response from the
tax shock in the baseline VAR is an interesting exception. Specifically, the
positive tax shock causes output to initially increase for eight quarters, before
its response turns negative. This puzzling outcome is also found in Mirdala
(2009) for Bulgaria. A possible explanation could be the fact that historically
after a tax cut, government revenues actually increase as tax compliance
significantly improves. Most recently, such an effect was observed after the
introduction the flat tax rate in 2008. This observation, however, could be
one factor for an omitted variable bias.

Nevertheless, the sign of the impact tax multiplier changes in the struc-
tural VAR and the effect on output, following a tax increase becomes nega-
tive and significant (Figure D4). As pointed out by Caldara and Kamps (2008)
there are strongly diverging results as regards the economic effects of tax
shocks, depending on the identification approach used in the VAR. In the
case of Bulgaria, shocks in net taxes seem to be more persistent as compared
to government spending shocks.

More detailed analysis and figures of the different impulse responses
from the baseline models are provided in Appendix D.

Time-invariant fiscal multipliers

The estimated impulse response functions do not directly reveal the gov-
ernment spending or tax multiplier because the estimated elasticities must
be converted to unit equivalents (e.g. euro equivalents). In order to provide
estimates for the absolute change in output, following a unit change in the
fiscal variables we transform the original impulse responses of output by first
dividing them by the standard deviation of the fiscal shock to normalize the
initial impulse to 1% shock in the fiscal variable. Then, we multiply the im-
pulse response by the ratio of the output to the fiscal variable. Since the
impulse response functions are for the log-transformed variables, we use the
following formula:

A‘XHk A In ‘Xt+k ‘Xﬁk
AF, AlnF, F,
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where k is the moment of time (i.e. the quarter), in which we evaluate the
multiplier, X is output and F denotes the fiscal variable (net taxes or govern-
ment spending).'”

The next table summarizes the results for the tax and spending multipliers
in the two standard 3-variable linear VAR models.

Table 1
CUMULATIVE TAX AND SPENDING MULTIPLIERS - LINEAR VAR
MODELS

Cumulative fiscal multipliers - effects on GDP Quarters

VAR model with recursive identification: 1 4 8 12
Government spending multiplier 0.03 0.17 0.48 0.70
Net taxes multiplier 0.00 0.91 1.48 1.02
SVAR model with BP identification: 1 4 8 12
Government spending multiplier 0.01 0.41 0.87 0.92
Net taxes multiplier -0.30* 0.19 0.43 -0.21

*denotes significance at the 5% level.

The results from both model specifications indicate that the size of the
first-year cumulative government spending multiplier is in the range of 0.2 to
0.4. The outcome is broadly consistent with the findings of Muir and Weber
(2013) who estimate first-year spending multipliers in Bulgaria to be close
to 0.3."® The spending multiplier in Bulgaria is also comparable to most of
the studies on EU periphery countries and supports the argument that small
open economies are usually characterized by small fiscal multipliers. These
values are, however, much smaller than the spending multipliers in the USA
and the larger (less open) euro area economies, which are usually found to
be close to unity, on average.'’ Burriel et al. (2010), for instance, estimate a
SVAR model with BP identification scheme and find that the overall spending
multiplier of the euro area is 0.87.

7 The same procedure is applied for evaluating the effects on private consumption or investment
in the extended VAR specification with recursive identification, following Fatas and Mihov (2001).

"® The authors estimate a VAR model based on Blanchard and Perrotti (2002), using monthly cash-
based data from 2003 to mid-2012 with industrial production as a proxy for GDP. For the whole
sample, both first year spending multipliers and first year revenue multipliers are found to be 0.3.
They also estimate the model with quarterly accrual-based data between 1999 and 2011 and find
that first year spending multipliers lie around zero and first year revenue multipliers are 0.3. Both,
however, are statistically insignificant.

' Boussard et al. (2012) provide a summary table of VAR-based estimates of expenditure multipli-
ers in large economies.



Again, there is a lot of uncertainty in regards to the size of the tax multi-
pliers, given contrasting results from VARs with different identification tech-
niques, but the overall output effect of tax measures appears to be small and
short-lived.

This outcome is broadly in line with the existing VAR-based studies, signif-
icant part of which point to highly diverging tax multipliers, depending on the
choice of identification scheme. The estimate for the impact tax multiplier
in the BP structural VAR specification (-0.3) is much smaller in magnitude
as compared to Burriel et al (2010) for the euro area (-0.79), but somewhat
above the estimates of Jemec et al (2011) for Slovenia (-0.08).”” The results
of Muir and Weber (2013) for Bulgaria, based on monthly data, suggest that
first-year tax multipliers are in the range of 0.3 - 0.4.>'

Nevertheless, it should be stressed that the impulse responses in both VAR
model specifications turn insignificant already in the second quarter after the
shock. This statistical issue is to a large extent related to the short length of the
time series. Therefore, all results should be considered with caution.

Details about the statistical properties of the VAR models, including unit
root, co-integration and diagnostics tests can found in Appendix F.

Time-varying fiscal multipliers

The output of the TVP-VAR model is largely consistent with the results
from linear VAR models, both pointing to a very limited and shortlived effect
of fiscal policy shocks on economic activity.

The results in Figure 1 indicate that the first-year cumulative government
spending multiplier’ is considerably larger in the years after the introduction
of the currency board (0.3) compared to the period just before the 2008 cri-
sis (0.15). As the global financial meltdown started, the size of the multiplier
rapidly increases back to the levels from the beginning of the sample, before
shrinking again along with the economic recovery. The effects on private
consumption resulting from the government spending shock are larger as
compared to the effects on GDP, which implies that other components of
GDP have been affected as well. The responses of both variables, however,

2 Boussard et al. (2012) provide a summary table of VAR-based estimates of net tax multipliers
in large economies.

2! Muir and Weber (2013) report the tax multiplier with a positive sign but this is only due to rep-
resentation purposes, while the interpretation remains the following: an increase in tax collections
decreases economic activity.

*? The government spending aggregate used for the estimation of TVP-VAR is the real seasonally-
adjusted government consumption.
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varied over time in a similar manner in terms of size and duration. The re-
sponse of government spending itself is rather stable throughout the sample
period (both in terms of size and duration), with small increases in the begin-
ning of the sample and during the peak of the global financial crisis.
Figure 1
TIME-VARYING IMPULSE RESPONSES
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The outcome of the TVP-VAR is in line with the threshold VAR study of
Muir and Weber (2013) for Bulgaria, who find that during periods of eco-
nomic expansion the first-year spending multiplier is around 0.15, while in
downturns it increases up to 0.3.

The results of the TVP-VAR suggest that during the years of economic ex-
pansion other components of aggregate demand would have been increas-
ingly crowded-out by increases in government consumption. Specifically,
the response of private consumption to government spending shocks has
become weaker and shorter in duration in the period 1999 - 2007. Cor-
respondingly, the size of the first-year cumulative government consumption
multiplier has become nearly two times smaller.

Several factors might explain the dynamics in the size of the fiscal multi-
pliers in the period before the recent economic downturn.

First, in the period 2004 - 2008 the Bulgarian economy experienced
high economic growth, coupled with significant deepening of the financial
sector. As shown in Figure 2, the competition of foreign-owned financial in-
stitutions for expanding their market share led to rapid credit expansion. The
external indebtedness of the private sector was also continuously rising due
to the good investment opportunities offered by both the financial and non-
financial corporations. Naturally, this led to a gradual decrease in the share of
liquidity and credit constrained households and companies over the period.

Figure 2
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As Perotti (2005) argues relaxation of credit constraints is among the fac-
tors that could explain a decline in the effectiveness of government spending
in stimulating economic activity. Kirchner et al. (2010) also provide evidence
for the view that households” access to credit is among the most important
determinants of the size of fiscal multipliers. In particular, the authors find
that an increase in households’ credit as percent of GDP leads to lower mul-
tipliers.

Second, the process of integration of Bulgaria into the EU single market
has significantly increased the openness of the economy (Figures 3 and 4),
which has certainly widened the so-called ‘import leakage’ of the fiscal stimu-
lus. This ‘leakage’ results from the fact that part of the fiscal stimulus is spend
on foreign goods and services. Thus, part of the positive impact on GDP
attributable to the stimulus is offset by the increase in imports. Usually, the
higher the openness of the economy, the higher this leakage is.

Figure 3
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Figure 4
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Third, it is generally accepted that the size of the fiscal multiplier is larger if
the fiscal position of the country remains sustainable after the stimulus. There-
fore, it is reasonable to expect that in the years after the introduction of the
currency board arrangement in 1997, the effects of fiscal policy would have
been non-Keynesian in nature, as these were years of economic recovery and
regaining confidence in the fiscal framework. Moreover, the high level of gov-
ernment debt in the beginning of the sample period would have made expan-
sionary fiscal stimuli intolerable. Nevertheless, government debt sustainability
issues were successfully mitigated in the last fifteen years as the debt-to-GDP
ratio declined from over 100% in 1997 to below 20% in 2012 (Figure 5),
which was largely attributable to the budget surpluses in the years before the
recent crisis (Figure 6). As suggested by the literature (e.g. Perotti, 1999) debt
sustainability issues are among the important factors in determining the output
effect of government spending. Perotti (1999) argues that high debt levels acts
as a signal for required future fiscal adjustment, resulting from current increases
in government expenditures. The anticipation of the future fiscal tightening (i.e.
increase in taxation) would cause a decline in private consumption today, thus
offsetting the expansionary impact of government consumption.



Figure 5
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As the global financial crisis started, the output gap rapidly deteriorated
(Figure 7), both consumer and corporate credit growth declined (Figure 2)
and imports contracted (Figure 3). These developments might explain the

fact that the size of the fiscal multipliers has nearly doubled at the peak of
the crisis.

Figure 7
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As shown by Gali et al. (2007) and Corsetti et al. (2011) a government
spending shock can have a larger effect on aggregate consumption to the
extent that the financial crisis raises the share of credit-constrained agents.
Moreover, the traditional crowing-out argument is also less applicable during
periods of recession, given that the economic slowdown usually results in
higher degree of firms’ excess capacities, which can be brought in use by
additional public expenditure.

Despite the observed increase, however, the size of the spending mul-
tiplier in Bulgaria remained as low as 0.4 at the peak of the financial crisis.
Perhaps, the significant increase in the level of domestic savings during the
crisis, induced mainly as a result of precautionary incentives, has been a rel-
evant factor for limiting the increase in the multiplier’s size (Figure 8).
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In the period 2010 - 2011 economic growth stabilized, imports recov-
ered to their pre-crisis levels and public financing sustainability concerns
were largely mitigated. Companies managed to improve the utilization of the
excess capacities by redirecting the production towards the external market.
These developments and the continuous growth of domestic savings have
probably been relevant factors for the decline of the fiscal multiplier back to
levels as low as 0.2.

Overall, the TVP-VAR model results reveal important information about
the changes in the output effects of government consumption shocks in Bul-
garia over the last fifteen years. It appears that the effectiveness of spending
shocks in stimulating economic activity varies over time according to the
underlying state of the economy. This relationship is found to be valid in a
number of recent empirical studies, which analyse the links between fiscal
multipliers and the state of the economy.”

» Baum et al. (2012) provide a summary of results from selected studies on fiscal multipliers that
employ non-linear approaches.
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Conclusions, policy implications and further work

This paper analyses the impact of fiscal policy on real economic activity
in Bulgaria and provides a range of estimates for the tax and spending multi-
pliers. We compare the results from linear structural VAR models with recur-
sive identification and structural identification following Blanchard and Per-
otti (2002) to the estimates from a time-varying parameters Bayesian SVAR,
with the aim of investigating changes in the effectiveness of fiscal shocks in
Bulgaria over the period 1999 - 2011.

The results of the linear VAR models indicate that the effectiveness of fis-
cal policy in stimulating economic activity is generally low as first-year spend-
ing multipliers do not exceed 0.4. The results regarding the tax multiplies are
subject to a lot of uncertainty, as seen by the contrasting results in the esti-
mated VAR models with different identification techniques, but the overall
effect of tax measures on economic activity appears to be small and short-
lived. These findings are in line with most of the studies on the catching-up
EU Member State and support the general view that fiscal multipliers are
usually small in small open economies.

The results of the two linear VAR models are broadly confirmed by the
output of the TVP-VAR model, both pointing to a very limited effect of gov-
ernment spending shocks on economic activity. However, TVP-VAR model
reveals important information regarding the variations of the government
consumption multiplier over time. Since the beginning of the sample (1999)
the size of the first-year spending multiplier has been gradually decreasing
from levels of around 0.3, down to a level of nearly 0.15 in 2007. As the
global financial crisis started, the size of the multiplier doubled in less than
two years, before decreasing again back to its pre-crisis levels, along with
the economic recovery period (2010-2011). These results indicate that the
underlying state of the economy appears to be a relevant factor for the non-
linear effects of fiscal policy on economic growth in Bulgaria, even though
further research is needed to support this view.

In terms of policy implications, the results imply that the effect of discre-
tionary fiscal expansion on real economic activity in Bulgaria seems to be
relatively small and shortlived, even during times of economic downturn.
Analogously, if required, fiscal contractions are not expected to weigh heav-
ily on economic activity, even in the short-run. Therefore, it is reasonable for
the size of the fiscal multipliers to be taken into consideration when policy
makers design fiscal consolidation or expansionary strategies. Even though
the appropriate pace and effectiveness of a fiscal adjustment depends on
a number of other factors, the small size of the fiscal multipliers in Bulgaria



imply that frontloaded consolidation would be in most cases preferable than
back-loading the adjustment process, given the limited effects on output and
the favourable impact on government debt dynamics, interest payments and
fiscal sustainability. Back-loading the required fiscal consolidation effort is
often motivated by the anticipation of lower multipliers in the future, associ-
ated with improvement in the economic outlook. Such a strategy, however,
entails certain risks, as fiscal multipliers are unobservable variable and there
is a lot of uncertainty about their magnitude. This uncertainty is even further
amplified given that the assessment of the multipliers’ size is based on fore-
casts. In addition, back-loading fiscal adjustment requires much larger cumu-
lative consolidation effort in the medium term, which in turn leads to a high
level of public debt and correspondingly higher interest expenditure. In ad-
dition, the postponement of the consolidation process is usually associated
with a significant implementation risks related to the uncertainties about the
materialization of the expected economic recovery as well as larger political
risks associated with the postponement of the consolidation measures for
the next election cycle.

The results are rather inconclusive in regards to the composition of the
preferred consolidation strategy, but at least on impact it appears that ex-
penditure restraints would have less negative effect on growth than increase
in taxes. Nevertheless, more research is needed to understand the size of the
multipliers of the different subcomponents of government expenditure and
their dependence of the state of the economy. It plausible to assume that dis-
cretionary increase or decrease in certain expenditure items might have larg-
er output effects than others. Extending the research in this direction would
provide valuable information about the preferable budget composition over
the economic cycle. In addition, exploring the factors behind the dynamics
of the fiscal multiplier over time is a natural subsequent step in researching
the functioning of the fiscal transmission mechanism in Bulgaria. For these
purposes, evaluations based on structural models, such as DSGE models,
could provide a valuable input. Data constraints and the significant structural
changes in the Bulgarian economy during the last fifteen years are other rel-
evant arguments for further research based on structural model evaluations.

Nevertheless, the findings in this study have important policy implications
for the desired fiscal policy over the cycle in the case of Bulgaria. Overall, the
results of the empirical models suggest that there is little to gain in terms of
economic output from active fiscal policy, even during periods of economic
downturn.

In view of the small size of the fiscal multipliers and the limited scope
of the monetary policy in Bulgaria to support economic growth, the fiscal
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policy makers should concentrate on enhancing the quality of the govern-
ment expenditure structure. Therefore, the fiscal adjustment strategies in the
future should be based on cuts in inefficient public expenditure and coupled
with the implementation of structural reforms in the ineffective public entities
and loss-making state-owned companies, while preserving or even fostering
growth-enhancing spending items. Heightening the role of the cost-benefit
analysis as an analytical tool for weighing the benefits against the costs of
certain legislative or regulatory proposals and larger public investment pro-
jects could also increase the efficiency of public spending and the positive
effects on economic output.
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Appendix B. Details on the econometric methodology

B.1. The recursive approach
The baseline VAR model in our study includes three endogenous varia-
bles in real terms: government spending (g), GDP (y) and net taxes (T). Apart

from the endogenous variables, we also include a constant (L), a linear time
trend (t) and the log-transformed foreign demand (fd) for Bulgarian exports
as exogenous variables.

The reduced-form VAR model can be expressed in the following way:

X =pgtut+ufd+AL) X, | +u, (1)
where X, = [g, vy, T ] is a three-dimensional vector of endogenous variables,

A(L) is a 4™order lag polynomial and u, is a vector of residuals (innovations).
As in Blanchard and Perotti (2002) we choose a lag length of four quarters in
order to ensure serially uncorrelated residuals.”* The inclusion of four lags is
a common practice in the estimation of models with quarterly data (Caldara
and Kamps, 2008).

Notice that in the first extended (4-variable) recursive VAR, the vector
of variables would be augmented to: X, = [g, v, con, /inv,], where con, /inv,
indicates either private consumption or investment. In the second extension
of the recursive VAR (5-variable), the vector becomes: X, = [g, y, T, T intrs ],
where T is inflation and intrs, is short-term interest rates.

In order to recover the structural shocks that affect the endogenous vari-
ables of the model we use the recursive identification approach, which is
based on Cholesky decomposition of the variance-covariance matrix of the
model residuals. As the reduced form residuals u, are usually contemporane-
ously correlated, it is necessary to transform them into structural shocks. For
the purpose we multiply equation (1) by the matrix A, which is a diagonal
one. Thus, the new (structural) shocks e, = A u, are no longer correlated and
they can be economically interpreted. The resulting equation is the following:

AKX = Ay AL EHA LI + AA(LX,, + Be, (2)

The equation A u, = Be, gives us the relation between the reduced-form
residuals (u,), which we observe and the structural shocks (e ), which we
want to identify.

In order to identify the structural model, the parameters in A and B have
to be restricted. In the recursive identification approach, the Cholesky de-

** Formal tests as the Akaike information criterion (AIC) and other information criteria (FPE, HQ,
SC suggest the inclusion of two lags.
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composition of the variance-covariance matrix of the VAR residuals defines
the matrix as a lower triangular matrix with the contemporaneous influences
and unit values on the diagonal. The construction of matrix A has an eco-
nomic meaning. It implies that some of the structural shocks will not have a
contemporaneous impact on some of the endogenous variables. Specifically,
the variable ordered last does not affect the variables before it in the current
period, while the variable order first affects the other immediately. As shown
in equation 3, the off-diagonal elements of matrix B are all zeros, which re-
strict the structural disturbances (shocks) e, to be correlated with each other.”
This assumption implies for instance, that there is no significant correlation
between government revenues (net taxes) and government spending.

By construction, the ordering of the variables in the model is very impor-
tant. In the baseline model the variables are ordered in the following way:

government spending (g), GDP (y) and net taxes (T). Therefore, the equation
A,u, = Be, can be represented in the following matrix form:

10 olfuf] [1 0 offef

—o, 1 0y’ =10 1 0 e (13)
—a. -0 1l|u’ O 0 1]|e'
g "y t ¢

where o indicates how variable i responds contemporaneously to a shock
in variabie j. This specification implies that government spending (g) does
not react contemporaneously to shock in the other endogenous variables,
because spending is not depended on the economic cycle; GDP (y) does
not react contemporaneously to shock in net taxes (T), but it is contempora-
neously affected by the shock in government spending; net tax are contem-
poraneously affected by both the shocks in government spending and GDP,
due to changes in the respective macroeconomic bases. This ordering of the
variables assumes that there is no contemporaneous effect of tax changes on
output, which is somewhat arguable. Note that these assumptions are valid
only for the first period (first quarter) after the shock. Afterwards all variables
can free interact with each other.

In the case of the four-variable recursive VAR with private consumption
or investment as a fourth variable, the equation above is transformed ac-
cording to the ordering of the variables. As in Fatas and Mihov (2001), pri-
vate consumption or investment is ordered second - before aggregate GDP.

*In the case of the baseline VAR is a three-dimensional identity matrix. In the extended models,
matrix becomes four or five dimensional identity matrix, respectively.



Thus, the equation A,u, = Be, would consist of four by four matrices and
four-variable vectors.

In the second extended VAR model with five variables - government
spending, GDP, inflation, net taxes and interest rates, the equation would be
represented in the following form:

1T 0 0 0 Ofufl [10000] [ef
2, 1 0 0 0 |u’f 01000 |e&
Y8 t t
~o a1 0 O |u"=/00100] |e
g Ty t t
—o, —o -0, 10y 00010 |e
-~ -0, -o - 1 ju’l 00001 e

The orderlng of the varlables is the same as in Fatas and Mihov (2001),
namely, government spending (g), GDP (y), inflation (7), net taxes (T) and
interest rates (r). The implications of the ordering and the associated eco-
nomic interpretation are discussed in Fatas and Mihov (2001) and Caldara
and Kamps (2008).

B.2. The approach of Blanchard and Perotti

In the application of the approach of Blanchard and Perotti (2002) we
start again from the reduced form VAR specification from equation (1),

X =pgtut +ufd+AL) X, | +u,

where X = [T, g, v is a three-dimensional vector of endogenous variables,
which includes net taxes, government spending and output. Again, as in the
recursive identification approach, we need to identify matrices A, and B,
which provide the relation between the reduced-form residuals u, and the
structural disturbances e, : A u, = Be. We follow a four step approach as in
Jemec et al. (2011) and Gordano et al. (2007). First, after the reduced form
VAR model is estimated, we decompose the reduced-form residuals of taxes
utT ut and government spending utg in the following way:

utT = aryuty + B‘Egetg + ett (4)

utg = mgyuty + Bgt etT +ef (5)

The coefficients o, and a,, are elements of the matrix A, and represent
the response (both automatic and discretionary) of taxes and government
spending to a shock in the economic activity. The coefficients B and B
capture how the structural shock in government spending affects contempo-
raneously taxes and vice versa.
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Following the approach of Blanchard and Perotti (2002), in the second
step of the procedure we estimate the cyclically adjusted reduced-form re-
siduals:

7,CA

=¥ Y- g T
u, =u, —o U, —Bl_get +e, (6)

0,5 = utr - 0Lgvuty =By etT tef (7)

*CA - cyclically-adjusted

This is done by assuming that o, and o, capture only the automatic
response of taxes and government spending to a shock in output. The rea-
soning is that it usually takes more than one quarter for the government to re-
spond with discretionary measures to disturbances in the economic activity.
Afterwards, institutional information is used to estimate the tax and spending
elasticities to GDP. The details regarding the methodology for the derivation
of the tax revenue elasticity is provided in Appendix C. As it is generally ac-
cepted in the literature we assume a zero elasticity of government spending
to GDP: (a_, = 0). Another key assumption, made by Blanchard and Perotti
(2002) is that taxes do not respond contemporaneously to changes in gov-
ernment spending as it takes at least one quarter to adopt and practically im-
plement changes in the tax codes. So, in this case spending decisions come
first. Therefore, B, = 0 and the structural disturbance e® can be identified
directly from equation (7). The outcome is then used to estimate equation
(6) by applying ordinary least squares (OLS) method. Finding the estimates
for B_, represents the third step of the procedure.

In the last stage, we use the estimates for the cyclically-adjusted reduced
form tax and spending residuals as instrumental variables to estimate the fol-
lowing equation:

uty = ocyrutT to, u’+e’ (8)

This step completes the estimation of all parameters in the A, and B ma-
trices in the BP identification strategy, which can be written in matrix form in
the following way:

1T 0 -o_||u’ 1T B e’
Ty t g t

a1 —a |lufl=]0 1 0f|ef |, (9)
yg gy t t
o -0 1 u’ 0O 0 1]|e
yt yg t t

After the A, and B matrices have been identified, we estimate the struc-
tural disturbances and compute the impulse response functions for the dy-
namic effect of the three structural shocks on taxes, government spending
and output.



As noted by Caldara and Kamps (2008), the major difference between
the recursive identification scheme and the approach of Blanchard and Per-
otii (2002) is that the A, matrix is not diagonal and the exogenous elasticities
of taxes and spending to output, estimated outside the model, are present
as coefficient to the right-side of the main diagonal. Moreover, B is no more
an identity matrix. This approach is more appropriate when estimating the
effects of a tax shock. While the recursive approach implies a zero restriction
on the contemporaneous effect of taxes on output, in the approach of Blan-
chard and Perotti (2002) these effects can be freely estimated. As shown in
Table 1 in Section 6, in the BP specification of the VAR the sign of the impact
tax multiplier becomes negative.

B.3. Time-varying parameter VAR model with stochastic volatility

The time-varying VAR model with stochastic volatility is based on the
model of Blake and Mumtaz (2012).

For the purpose of our analysis we assume the following model:

p
Yt=Ct+ZIB/}t Yt v, VAR(v) =R, (10)
-

B={c, By By (11)

Bo= B, + e, VAR(e) = Q

The covariance matrix of the error term v, denoted R, has time-varying
elements. For simplicity we consider that the structure of R, is as follows:

_ -1 -1

R=A"HA, (12)

Given that we use a three-variable model the lower triangular matrix A,
with elements aj, and the diagonal matrix H, with diagonal elements can be
written as:

1 0 0 h, 0 0
4,=|a,, 1 OLH=|0 h, 0], (13)
A3, Ay, 1 0 0 h3,1

where the transition equations for the elements o, and h, are defined as:

+V, VAR(V,) = D

A T Ay

Inh =In hi,H +z,,VAR(z;) = g,

it i

fori=1..3 (14)
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Appendix C. Details on the derivation of tax revenue elasticity

In line with the OECD approach, the net tax elasticity is a weighted aver-
age of the elasticities of four tax categories (personal income tax, corporate
income tax, indirect taxes and social security contributions) and net transfers
(taken with a minus sign). More formally:

_ i

Oy = Zi‘gfi‘gﬂ;,y T
where ¢ is the elasticity of tax category i to the respective macro tax base,
ep,, is the elasticity of the tax base to GDP and iis the share of respective

T

tax category in the tax aggregate. The latter variable is positive for the four
tax categories and negative for net transfers (unemployment benefits in the
alternative specification). The elasticities of the various categories to the re-
spective tax bases are calibrated on the basis of the tax legislation and are
summarized in Table C1. For all categories, the elasticity is equal or close
to 1 as the Bulgarian tax system is proportional with flat direct tax rates. It
should be mentioned that for personal income tax we assume a higher elas-
ticity until 2008, when the tax was progressive and afterwards when a flat tax
rate with no minimum non-taxable income was introduced. Since only data
for aggregate direct taxes is available at the quarterly frequency, we have
used quarterly cash-data profiles to interpolate the annual data for personal
income tax and other direct taxes. Corporate income tax receivables are
estimated as a residual variable.

Table C1

BUDGETARY ELASTICITIES RELATIVE TO CORRESPONDING
MACROECONOMIC BASES

Budget item Macroeconomic base Budgetary elasticity

Direct taxes on households | Average compensation per employee 1.2 up to 2007,

1.0 afterwards

Employment 1.0

Social security contributions | Average compensation per employee 1.0
Employment 1.0

Direct taxes on companies Operating surplus 1.05
Indirect taxes Private consumption 1.0
Net transfers GDP 0.2




The elasticity of different tax bases with respect to output has been evalu-
ated econometrically by using error-correction specifications. The next table
summarizes these elasticities together with the information on the average
share of the different tax categories in aggregate net taxes.

Table C2
DERIVATION OF THE NET TAX ELASTICITY

Elasticity with | Average share in net | Weighted

respect to GDP| taxes 1999-2011 elasticity
Corporate income tax 0.82 0.17 0.14
Personal income tax* 0.27 0.20 0.05
Indirect taxes 1.03 0.92 0.95
Social Security Contributions 0.27 0.55 0.15
Elasticity of tax revenues 1.29
Net transfers 0.2 0.85 -0.17
Elasticity net taxes 1.12

Our estimate is somewhat lower than the average elasticity, estimated by
Burriel et al (2009) for the EU (1.54) and slightly higher than the one, estimat-
ed by Jemec and Delakorda (2011) for Slovenia (0.87). If we apply the alter-
native definition for net taxes (current taxes minus unemployment benefits),
applied by Baum and Koester (2011), our elasticity estimate is 0.87, which
is also lower than the identical estimate for Germany (1.02). However, what
we observe from the data is that the net tax elasticity is changing over time
(Figure C1). This can be attributed to the impact of the economic cycle as
well as to the gradual movement from a more progressive to a more propor-
tional tax system and to the constantly increasing share of indirect taxes. The
time-variation of the tax elasticity is another argument to take an advantage
of a time-varying parameter VAR model.
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Figure C1

TIME VARYING ELASTICITY OF NET TAXES
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Appendix E. Robustness check

E.1. Effects on Private Consumption and Investment
The results from the extended recursive VAR model with private con-
sumption or investment as fourth variable show that the responses of the
other endogenous variables do not change significantly after the tax or the
spending shock. Private consumption reacts positively to a government
spending shock in the first period and its response turns negative afterwards
(Figure E1). The effect on investment is much stronger and always positive,
but becomes significant in the 3rd quarter after the shock (Figure E2). Both
consumption and investment react in a similar way to a tax shock with a tem-
porary increase in the first two quarters. Overall, it appears that these results
are more in support of the Real Business Cycle models, which predicts a
drop in private consumption as a result of expansionary fiscal policy. Never-
theless, the statistical significance of the results from the VAR model do not
allow for any strong conclusions.
Figure E1

IMPULSE RESPONSE OF CONSUMPTION AFTER GOVERNMENT
SPENDING AND A TAX SHOCK IN VAR WITH RECURSIVE

IDENTIFICATION
Response to Cholesky One S.D. Innovations +2 S.E.
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Figure E2

IMPULSE RESPONSE OF INVESTMENT AFTER GOVERNMENT
SPENDING AND A TAX SHOCK IN VAR WITH RECURSIVE

IDENTIFICATION

Response to Cholesky One S.D. Innovations + 2 S.E.
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E.2. Alternative specification of government spending and net taxes

To check the robustness of the linear VAR model results as we opt for a
different classification of expenditures and net taxes. As stated in the data
description section of the paper, there are strong arguments for including
social payments on the expenditure side as these account for a substantial
part of total government spending in Bulgaria and represent an important
instrument for stimulating internal demand.

We estimate two separate models with an alternative specification of gov-
ernment spending and net taxes - one five-variable VAR with recursive identi-
fication scheme and one three-variable structural VAR with BP specification.
In the case of the structural VAR, the use of the different net tax aggregate
requires re-estimation of the net tax elasticity, which is somewhat lower with
the alternative specification.

The outcome (Figures E3, E4, E5 and E6) shows that the effects of a
spending and a tax shock on output are not considerably different as com-
pared to the results of the baseline models. Regarding the recursive VAR, the
only significant response that we observe in respect to inflation and interest
rate is the impact rise of interest rates after a spending shock (Figure E3). In
fact, the reduced VAR residuals are normally distributed only when the alter-
native definition for government spending and net taxes is used.



DISCUSSION PAPERS

WO 68 L 9§t €T 2Wob 68 L 9§V ez L W06 8 L 9§ voeT L W68 L 9§V e 2 Lo 68 L9 S ¥ E T
T e T T T T T L T B T PO e I e B T U S T R Tt B O e B T S T B T R H PO B S S B S T B T T R P A B M R T B e R I AT TR I o
- < 0- e \ i - -0+
i, 200~ o .
N " AN e
, \ e \ \
lso" T . / T — 10
RN A | z ) . / . /,/
AN = ! feoo N J ho N
L N N E ¢ ~ o ] ! Mo
- L1} I ¥ ) 00 S I P £0
}ooysxey }o0ys xe} }o0ys xg Yooysxey A20usXE}
13JBS9)B1}SB JqUIJ09SU0dSD Y 19 UOje|jujo asuodsay 13jepndinojo asuodsay J1ajeBuipuadsjuawwanoblo asuodsay Jaje saxenaujo asuodsay
IS F SUGIEAOUL" (S BUQAYSB|0YQ0) asuodsay
ADOHS
XVL INTWNYIAOD ¥314V SISNOCSIY - NOILVIIHHIINIAIL JAISYINIIY HLIM dVA FT19VIIVA-IAIL AdIANTIXT
3 21n814
O 68 L 98 Y €T b A R N A A WO 68 L 98 Y e T b sore Ty
~ N a -
. - - 700 JoU ko - 0
N z P e T R I
. T , L feo0- ; - N
o NN ke
e i\
L - L 200 I\ po "
. P - N L T — \\ ¢ Sl . < lboo \ Lo ~ I ~ /
N \ ]
44 900 80 0
¥90ys Buipuadsjus wwanoh #oous Bupuadsjuswiuianob ooysbuipusdsjuauy 1aA0b 3o0ys Buipuadsjuswwanoh oys Bupusdsjuawuisnoh
Jajeselense 13u)0asuodse y J8Je Uoje|jujo asuodsay JajeIndinojo asuodsay 1ajeBUlpusds)uawuIa A0Bjo asuodsey Jeljesaxe)o asuodsay

352 sugienouU 0 QUOAYSaI0Y 0} ssuodsay

MDOHS DNIANIdS
INIWNIIAOD Y314V SISNOASTH - NOILYIIHIINIAI JAISINITY HLIM VA T19VIIVA-IAIL AIANILXT
€3 21n3y

53



¢k W ok g g L 9 S v ez |
L T T T T T g L T T T e . TR o)
L I Lv00"- o ) P \ G20~ [P N 20~
- S N T —\\ 000 S S
— _ 000" e ~— | = — = 00°
—_ C T o\ |seo IS T / o
T~ - L v00° - - A — |20
- 1\ |00 :
i
- \ L 800" 0 e . 0"
|
(4% 00}’ 90’

yooys Bulpuads e Jge indno jo asuodsay

yo0ys Buipuads e Jaye Bulpuads jo asuodsay

ADOHS DNIANAAS INIWNIIAOD

"J'g ZFSUoEAOUY Q'S SUQ RINIOMNIIS 0} 8sUodsay

ooys Bulpuads e Joyje saxey Jo asuodsa y

14V SISNOdSIY - SIXVL ANV DNIANIAS INTFWNIIAOD 10 NOILINIHIA FJALLYNYILTY HLIM UVAS

93 2undi4

¢ W ol g 2L 9 G ¥ € T g o6 8 2 9 G Vv €T |
RSPV Vo o T T T T T T e
- e L.z00™- ) | 20~

—_ 7 L ooo N \
- -~ — . loo

o 200" RN J
) ‘ " Leo

( Lvoor o

- i '
o Lo o
800° 90

¥ooys xej e Jojje ndino jo asuodsay

3ooys xeje Joye Buipuads jo asuods oy

*3'S Z FSUOIIBAOW| *(]'S BU O [BINIONUIG 0} ssuodsay

ADOHS XVL INIWNYIIAOD

L ¥0-

Lzo-

00

L 2o

0’

300US Xg} B Joye Soxe) Jo asuo dsey

JFLAV SISNOCSIY - SIXVL ANV DNIANIAS INTFWNIYIAOD 40 NOILLINIAIA FJALLVNYILTV HLIM UVAS

63 2n314

€102/06/da

54



ad Lol 6 8
| |

L9

L 010~

r 600~

000°

t G00°

LOLO

FGlo°

020

{ooys Buipuads e Jajye jndino ajenlid jo asuodsey

14 @n3iy

‘(4 21n314) ade|d uayel sey D0oys sy} Jaye Janenb 1siiy sy ul Ajuo JuediIus8is pue sAnesau st 1sdinnw
Xe) 3y} ‘[spowl sy} JO uonedidads [euldLo syl ul sy *(14 24ns14) sisrenb omy 1sa1y sy ul saijdninuw Suipuads juedyiugdis
pue aAnisod e 198 Ajuo am pue 38ueyd Jou op uondeal Indino sy Jo udis sy eyl Moys sasuodsal asindwil oy

‘ddD areaud yum indino syedaidde uidejdalr Aq uoneoyn

DISCUSSION PAPERS

20068 L9 S voE oz 2068 L9 S b g T
I | | | | | | | | | | | | WOK I | | | | | | | | | | | | wOf
e e 0~

T T \ o

oo o0

- . } o . N
e Vo b0
50 - 50
o o

¥ooys Bulpuads e gyje Buip uads jo asuod sy

"J'S ¢ ¥ SuojeAOUU| *°S 8UQ [en)onuig 0] asuodsay

¥ooys Buipuads e Jaye sexe} jo asuodss y

ADOHS DNIANAAS INTFWNIIAOD ¥314V SISNOCSIY - 1NdLINO ILVAIYd HLIM dVAS

-Uap! dg YUM [9pOW YVA [e4N1dNAS 3y 91ewiNsa-al am (| L07) ouelSiwuowy pue tjoude) jo ydeoidde ay) Suimojjo4
dan aeaud yum ggon 9gedaagse Sunejdoy g3

55



o 6 8 L 9 6 v ¢

¢l W0l g g 2 9
| S I E—

-500°

-010°

}ooys xe} e Jajje ;nd no senid Jo asuodsay

74 2in3i4

G0

¢t Wobe g L 9 S ¥ €T | [
L L L L L L L0~ | | | oL-
/ IR \ , e o Lz0- T AN B )
N ,, . > -G0™-
— oo
, 7 N 00
e N L2o o /
A . . o . ~ Lso
K |90 ST oL
80’ S1

Yooy s xey e Ja)e Buipuads jo asuod say

"3'g ZFsuoleAOUY ‘'S BUQ [RINJONIIG 0} BsUOdsay

ooys xe} e Jo}je saxe) joasuodsey

ADOHS XVL INTWNYIAOD ¥31dV SISNOCSIY - LNdLINO FLVAIYd HLIM ¥VAS

€102/06/da

56



roo

rso

FotL

|e1 wo UAjo 4 0131s|Jojoe ey D ¥y JO SJ00Y 8si

indino ayeAld yum YvA

€4 21nsiy

Sl

oAyl

S

Fo-

Fgo-

Sl (003 S0 00 S0 0L G-
f 1 | I L L gy
Fol-
[} rso-
L]
L]
L]
° . r 0o
L]
L]
L]
[} Fgo
rou
S

|e1 Wo uAj0d OIS el BIE YD HY JO S}00Y 8SIaAY|

AVA d|qelieA-g

NOILVII4ID3dS 4VA 40 ALITIGVLS

DISCUSSION PAPERS

G-

L gp-

Foi-

Fgo-

r 00

rso

rok

Sl

|e1 wo uAjo 4 o13stJejoe ey D Hy JO SJ00Y 8SIBAY|

IVA [qereA-¢ auljeseg

s9|qe) pue sa.ng1y Arejuawajddng 4 xipuaddy

57



DP/90/2013

58

Table F4

UNIT-ROOT TESTS

HO: Variable has ADF Test t-statistics | Phillips Perron Test t-statistics
a Unit Root Level First diff. Level First diff.
Output -1.55 -3.66** -1.28 -6.44**
Private output -1.31 -8.54** -1.36 -8.48**
Consumption 2.77 -3.51* -2.45 -6.41**
Investment -1.36 -8.67** -1.36 -8.49**
Government spending  -1.17  -10.31** -1.62 -16.66™*
Net taxes -2.45 -4.19%* -2.12 77
Gov. spending - alt. def. -1.23  -10.56** -1.42 -14.49**
Net taxes - alt. def. -2.02 -3.54** -2.76 -5.71**
Core Inflation -1.74 -3.09* -1.89 -4.71**
Interest rate 217 -3.59** -1.51 -3.66™*
* Statistically significant at 5% level.
** Statistically significant at 1% level.

Table F5

CO-INTEGRATION TEST FOR BASELINE VAR SPECIFICATION - THREE

VARIABLES

Unrestricted Co-integration Rank Test (Trace)

Hypothesized No. of CE(s) Eigenvalue  Trace Statistic  Prob.**
None * 0.534 52.230 0.005
At most 1 0.152 11.800 0.826
At most 2 0.056 3.041 0.872

Johansen trace test. Indicates 1 co-integrating eqn(s) at the 0.05 level

* Denotes rejection of the hypothesis at the 0.05 level.
** MacKinnon-Haug-Michelis (1999) p-values



Table F6

DIAGNOSTIC TESTS OF THE BASELINE VAR SPECIFICATION

Baseline Extended Extended
Diagnostic Tests 3-variable VAR | 5-variable VAR | VAR with
private GDP
P-value P-value P-value
Normality: Cholesky
(Lutkepohl) - J.Bera' 0.317 0.326 0.701
Normality: Residual Corr.
(Doornik-Hansen) - J.Bera' 0.194 0.027 0.673
Heteroskedasticity Test’ 0.528 0.012 0.269
Serial Correlation LM Tests’
Lag 1 0.471 0.414 0.191
Lag 2 0.271 0.263 0.401
Lag 3 0.683 0.602 0.401
Lag 4 0.304 0.015 0.211

1 . . . .
Null Hypothesis: residuals are multivariate normal.

% Null Hypothesis: no heteroskedasticity.

* Null Hypothesis: no serial correlation at lag order h.
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