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ABSTRACT/RESUMÉ 

Non-Keynesian effects of fiscal consolidation: an analysis with an estimated DSGE Model  
for the Hungarian economy 

 Using an estimated DSGE model for Hungary, the paper identifies the possible non-Keynesian 
channels through which a fiscal consolidation may manifest as expansionary. Simulations show that fiscal 
consolidation policies are typically contractionary. Nevertheless, taking into account some specific features 
of the Hungarian economy, there is a possibility that expansionary effects arise. These effects may take the 
form of a drop in interest rate risk premium or favourable balance sheet effects through the appreciation of 
the currency. However, the credibility of fiscal consolidation is key in achieving positive output effects. A 
non-credible consolidation is unlikely to expand output, regardless of the assumptions regarding the 
specific features of the economy, and regardless of the composition of a consolidation package. 

This Working Paper relates to the 2012 OECD Economic Survey of Hungary 
(www.oecd.org/eco/surveys/hungary). 

JEL classification: E62, E27, H30, H50. 

Keywords: fiscal consolidation, non-Keynesian effects, DSGE model, taxation, government expenditure. 

************ 

Les effets non-Keynésiens de l’assainissement budgétaire : une analyse avec un modèle DSGE 
estimé pour l’économie hongroise 

 À partir d’un modèle d’équilibre général dynamique et stochastique (DSGE) estimé pour la 
Hongrie, ce papier identifie les canaux non-Keynésiens susceptibles de donner un caractère expansionniste 
à un assainissement budgétaire. Les simulations montrent que les politiques d’ajustement budgétaire se 
traduisent généralement par une contraction de l’activité. Toutefois, compte tenu de certaines 
caractéristiques propres à l’économie hongroise, il est probable que des effets expansionnistes surviennent. 
Ces effets peuvent prendre la forme d’une baisse de la prime de risque de taux d’intérêt ou d’effets de bilan 
favorables du fait d’une appréciation du taux de change. Cela étant, la crédibilité de l’assainissement 
budgétaire est indispensable pour obtenir des effets positifs sur la production. Un ajustement non crédible a 
peu de chances de produire de tels effets, quelles que soient les hypothèses retenues à propos des 
caractéristiques de l’économie et quelle que soit la composition du programme d’assainissement. 

Ce Document de travail se rapporte à l’Étude économique de l’OCDE de la Hongrie, 2012 
(www.oecd.org/eco/etudes/hongrie). 

Classification JEL: E62, E27, H30, H50. 

Mots-clés: assainissement budgétaire, effets non-Keynésiens, modèle DSGE, fiscalité, dépense publique. 
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NON-KEYNESIAN EFFECTS OF FISCAL CONSOLIDATION: AN ANALYSIS WITH AN 
ESTIMATED DSGE MODEL FOR THE HUNGARIAN ECONOMY 

by Szilárd BENK and Zoltán M. JAKAB1

Introduction 

 

Economists generally agree that fiscal consolidation is beneficial for the economy in the long term. 
Nevertheless, it is also common to consider that fiscal consolidation causes temporary slow-downs, that is, 
there are short-term costs before long-term benefits can be reaped. However, the short-tem cost of a unit of 
long-term benefit can be highly variable, and depends heavily both on the economic circumstances and the 
proper composition and execution of the consolidation measures. In extreme cases, the short-term costs 
could be completely avoided, thus reducing fiscal imbalances which may contribute to faster growth even 
in the short term. These positive effects are commonly referred to in the literature as non-Keynesian 
effects. 

The empirical literature confirms that the level of public debt can have a significant effect on growth. 
Reinhart and Rogoff (2010) show that countries with debt-to-GDP ratios above 90% record significantly 
lower average growth rates. Checherita and Rother (2010) also find important growth-reducing effects of 
high debt levels (above 90% of GDP) for a number of euro area countries. The channels they identify 
through which government debt can have an impact on the economic growth rate are private saving, public 
investment, total factor productivity and sovereign long-term nominal and real interest rates. Kumar and 
Woo (2010) find that GDP growth in 38 advanced and emerging countries is more adversely affected when 
debt levels exceed 90% of GDP. 

The empirical evidence cited above clearly supports the view that fiscal consolidation policies aiming 
to reduce high debt levels can contribute to a faster growth rate. Although the empirical literature has 
found a relatively robust debt threshold (around 90% of GDP) above which a debt-reducing policy may be 
especially effective, Rother et al. (2010) argue that this threshold is most likely not invariant to changes in 
the economic environment. For example, in times of high actual levels of risk exposure and increased risk 
aversion, economic agents will be more cautious in their decisions, therefore the growth-reducing effects 
of fiscal imbalances are likely to occur at lower levels of fiscal deficit and debt. At the same time, the 
long-term benefits of fiscal consolidation will also be larger in such an environment. Going further, 
Sutherland et al. (2012) and Merola and Sutherland (2012) argue in favor of setting an explicit debt target 
that could serve as a long-term anchor for fiscal policy. 

                                                      
1.  Both authors were external consultants to the OECD and are now Senior Advisor (sbenk@imf.org) and 

Senior Economist (zjakab@imf.org) at the IMF, respectively. The views expressed here are solely those of the 
authors and do not necessarily reflect the official views of the Organisation for Economic Co-operation and 
Development or those of the International Monetary Fund. The authors are grateful for substantial comments 
received from Rafal Kierzenkowski, Mehmet Eris, Pierre Beynet and other OECD economists. 

 

mailto:sbenk@imf.org�
mailto:zjakab@imf.org�
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Empirical evidence based on various fiscal consolidation episodes confirms the existence of growth-
enhancing fiscal consolidations. Afonso (2010) finds some evidence in favor of the existence of 
expansionary fiscal retrenchment episodes for 15 EU countries. Yet expansionary effects depend on the 
specific budgetary spending items, as well as on the specification and the time span used. Based on a panel 
of OECD countries Alesina and Perotti (1995) and Alesina and Ardagna (2010) conclude that fiscal 
consolidation may be expansionary if implemented mainly by cutting government spending. Giudice et al. 
(2007) show that a considerable number of fiscal consolidation episodes are followed by higher growth. 
Hauptmeier et al. (2007) argue that expenditure reforms are the most likely to promote growth. Using 
panel estimation techniques, Rzonca and Cizkowicz (2005) provide evidence that, in the EU new member 
states, fiscal consolidation may contribute substantially to the acceleration of output growth even in the 
short term. 

These results, however, have recently faced a series of criticisms. IMF (2010) criticises the data used 
by Alesina and Perotti (1995) and Alesina and Ardagna (2010) and shows that fiscal consolidation 
typically reduces output and raises unemployment in the short term (being less costly, though, if it relies on 
cutting government spending). A similar result is found by Hernández de Cos and Moral-Benito (2011) 
and by Guajardo, Leigh and Pescatori (2011) on new datasets of OECD countries. Perotti (2011) presents 
four detailed expansionary fiscal episodes and argues that the underlying economic conditions 
(depreciation in an EMU country, or a further decline in interest rates) do not hold any more.  

Beside the consolidation episodes, there is a rich literature on positive fiscal multipliers, where 
expansionary fiscal policies have growth-enhancing effects (see, for example, Cogan et al. 2009; Bernstein 
and Romer, 2009; Coenen et al., 2010). These findings, nevertheless, should not necessarily be interpreted 
as evidence of the growth-reducing effects of fiscal consolidation, as expansionary policies are not always 
growth-enhancing. Van Riet (2010) summarises the conditions under which a fiscal stimulus can have 
beneficial effects: it needs to be discretionary, implemented in a timely manner (no long implementation 
lags to ensure counter-cyclicality), targeted (to liquidity or credit-constrained agents), and temporary. On 
the other hand, as Rother et al. (2010) argue, a permanent improvement in fiscal sustainability is needed in 
the case of fiscal consolidation. They further point out that the economic conditions underlying fiscal 
expansions are likely to be different from those prevailing for fiscal consolidation. Expectation effects 
linked to the credibility of the announced policy (concerning the expected future tax burden), for instance, 
are likely to work in a growth-supporting direction in both cases, i.e. supporting the impact on growth of 
fiscal loosening, but offsetting the negative demand effect of fiscal tightening.2

Nevertheless, extrapolating findings based on past fiscal consolidation episodes into the future needs 
to be done with considerable caution. There is no reason to believe that fiscal consolidation would work in 
the same way when implemented procyclically or countercyclically. The conditions under which a 
consolidation would be executed in the future would typically be different from the pre-conditions of the 
past episodes. Rother et al. (2010) warn that the conditions underlying earlier studies of: i) a generally 
modest public debt; ii) only isolated incidences of large public debts; iii) little uncertainty over public 
liabilities; and iv) calm financial markets – are currently not met. Perotti (2011) also argues that the 
underlying economic conditions of some past expansionary consolidation episodes in Denmark, Ireland, 
Finland and Sweden do not hold any more for European countries. Therefore, it is inappropriate to 
extrapolate from past findings the impact of fiscal consolidation in the fiscal and financial environment of 
the current post-crisis period.

  

3

                                                      
2.  Expectation effects, however, can be also detrimental if fiscal policy – either expansionary or contractionary –

 is implemented in an inappropriate (e.g. non-credible) way. 

 

3.  Consequently, care should be taken when estimating non-structural parameters on pre-crisis data. Estimating 
structural models (e.g. DSGE), however, can mitigate this problem. 
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The different channels through which fiscal consolidation affects the economy can be modeled in a 
dynamic stochastic general equilibrium (DSGE) framework. A prominent example in this direction is 
Coenen et al. (2008), who examine the macroeconomic effects of alternative fiscal consolidation policies 
in the New Area-Wide Model (NAWM), a two-country open-economy model of the euro area. They find 
that fiscal consolidation has positive long-run effects on key macroeconomic aggregates when the resulting 
improvement in the budgetary position is used to lower distortionary taxes. At the same time, fiscal 
consolidation gives rise to noticeable short-run adjustment costs in contrast to what the literature on 
expansionary fiscal consolidation suggests. A related analysis using the same model confirms these 
finding, and points out that, if there is confidence in fiscal consolidation (meaning a permanent reduction 
in the long-term interest rate and hence the financing costs of government debt), then the long-run benefits 
are considerably higher, while the short-run costs are moderately lower (ECB, 2010). 

This paper examines the macroeconomic effects of various fiscal consolidation policies in an 
estimated open-economy DSGE model of the Hungarian economy and attempts to identify the possible 
non-Keynesian effects that fiscal consolidation may generate. The main findings and policy implications 
are the following: 

• In a standard DSGE model estimated for the Hungarian economy, fiscal consolidation policies 
are contractionary (have positive multipliers), regardless of the fiscal instrument chosen. 
Although non-Keynesian channels are present, the Keynesian channels dominate. The dominance 
of the Keynesian effects is weaker, however, if a consolidation is performed in a credible manner. 

• Non-Keynesian effects are stronger and the likelihood of a positive output reaction increases 
when the interest rate risk premium falls as a response to a consolidation policy that decreases the 
debt-to-GDP ratio. 

• Taking into account the high level of indebtedness in foreign currency (a specific feature of the 
Hungarian economy), a fiscal consolidation policy is able to generate positive output responses 
through the exchange rate effect on household and public sector balance sheets. 

• The credibility of the consolidation policy is key in achieving positive output effects. A 
non-credible consolidation is unlikely to generate positive effects, regardless of the assumptions 
regarding the specific features of the economy and regardless of the composition of the 
consolidation measures. 

• If inflation expectations are well anchored, non-Keynesian effects are more likely to arise. 

The remainder of the paper is structured as follows. The second section reviews the theory of 
non-Keynesian effects and channels, which may arise as a result of a fiscal tightening. The third section 
sets up a DSGE model for the Hungarian economy, which incorporates the channels relevant for Hungary 
through which non-Keynesian effects may appear. The fourth section simulates the model by generating 
various types of fiscal consolidation (either through expenditure cuts or tax increases), discusses the results 
and identifies the non-Keynesian effects that may be present in the Hungarian economy. The last section 
concludes. 

Non-Keynesian effects of fiscal consolidation 

In the Keynesian approach, fiscal consolidation has, by definition, a direct negative effect on domestic 
demand in the short run. Indirect effects, however, are likely to mitigate this contractionary impact on 
aggregate demand. Whether or not the final effect of a consolidation becomes expansionary 
(non-Keynesian effect), depends on whether the response of private consumption and/or private investment 
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to the consolidation are able to offset its direct negative effect over aggregate demand and, hence, output. It 
is important therefore to identify the effects and channels through which consumption and investment may 
react in a favourable way. 

The economic literature has proposed a number of theoretical explanations on why a fiscal tightening 
can stimulate the economy, or at least, the overall effect is less negative than the direct effect (see for 
example: Giavazzi and Pagano, 1990 and 1996; Alesina and Perotti, 1997; Alesina and Ardagna, 1998; 
Perotti, 1999; and Ardagna, 2004). On the demand side the explanations usually include the following 
channels: expectation, risk premium and wealth effects on consumption, also the substitution effect from 
pubic to private spending. On the supply side there is a labour market channel stemming from increased 
labour market efficiency and an increase in competitiveness through lower wage costs. Credibility aspects 
are important as well. In the following sections, we discuss these channels in detail. 

Expectation channel 

The expectation channel is key in inducing economic reactions that may already offset the negative 
demand effects in the short run. This channel works through the improvement in consumers’ expectations 
(a reduction in the uncertainty) regarding future tax liabilities. In the aftermath of fiscal contraction, 
households may conclude that they have been too pessimistic in their expectations regarding future public 
expenditure and cumulated tax burdens, factors that determine their decision regarding the distribution of 
their income between consumption and savings. The reduction in uncertainty itself allows consumers to 
decrease their precautionary savings. By reducing the probability of a fiscal tightening in the future, the 
present fiscal consolidation raises the present discounted value of disposable income, thus leading to a 
further increase in private consumption. This expectation effect is obviously dependent on the size and 
persistence of fiscal consolidation and is directly linked with its credibility, hinging on the assumption that 
economic agents believe that fiscal adjustment efforts will be carried out – both quantitatively and 
qualitatively – exactly in the way they were announced. 

The emergence of a positive impact on GDP growth of the expectation channel is therefore uncertain, 
and its probability and magnitude is linked to a set of factors. ECB (2010) and Rother et al. (2010) 
summarise the preconditions under which positive expectation effects could be particularly large: i) the 
initial fiscal position is weak, so the consolidation is expected to lead to a significant improvement in fiscal 
sustainability; ii) the fiscal consolidation plan is ambitious and credible, possibly part of an overall 
structural reform agenda, which increases the probability of a long-lasting structural improvement in the 
fiscal stance; iii) the composition of the adjustment focuses on reducing disincentives to work and save, 
enhancing expenditure efficiency and protecting growth-friendly expenditure so that the supply conditions 
in the economy improve quickly; iv) the share of households that can adjust their saving in response to the 
fiscal consolidation (i.e. Ricardian households) is high; and v) part of the negative impact of consolidation 
is offset via the exchange rate or low interest rates. 

Interest rate risk premium channel 

The interest rate risk premium channel works through a decrease in real interest rates as a 
consequence of a reduction in the risk default premium, driven by a cut in government borrowing 
requirements associated with fiscal consolidation. The decline in interest rates would then stimulate 
aggregate demand by stimulating private investment. Moreover, lower interest rates would also increase 
the opportunity cost of saving, leading households to increase their current consumption. This risk 
premium effect obviously depends on the initial state of public finances, being more probable when the 
level of the debt-to-GDP ratio before the consolidation exceeds some relatively high thresholds. 



 ECO/WKP(2012)22 

 9 

Wealth channel 

The wealth channel can be composed of various effects that could all contribute to a boost in 
consumption. According to a standard effect, a fall in the interest rates increases the market value of assets 
held by consumers. Consequently, the market value of the fraction that households normally consume out 
of their wealth is also higher. 

Another wealth effect operates through the exchange rate channel and impacts households whose 
portfolio liabilities (loans) are denominated in foreign currency (balance sheet effect). Such portfolio 
holdings are typical in countries like Hungary, where households were tempted to contract foreign 
currency denominated loans due to the interest rate advantage of such loans against loans denominated in 
domestic currency. The market value of the net wealth of such households is highly influenced by 
exchange rate fluctuations. If the real equilibrium interest rate falls (through the reduction in the risk 
default premium), the gap between foreign and domestic real interest rates widens (given that the central 
bank smoothes the interest rate and does not lower it to the same extent as the decline in the risk premium) 
causing a real appreciation of the currency.4 This reduces the loan repayment burden of households 
indebted in foreign currencies, meaning that they are left with higher disposable income that can be used 
for consumption. As these indebted households are typically liquidity constrained (they are 
non-Ricardians)5

The exchange rate movements influence not only the behaviour of households indebted in foreign 
currencies, but also affect that of the government if a high share of the public debt is foreign-denominated 
(as is the case in Hungary). The decline in the costs of servicing foreign-denominated public debt frees up 
resources and provides more room for budgetary manoeuvre. 

, the extra income would mainly be used for additional consumption. 

Substitution channel 

Fiscal consolidation involving a cut in spending on public goods also generates substitution effects 
relating to the replacement of public consumption by private consumption. If consumers value services 
supplied by the public sector (e.g. education, health care, cultural services), they will most likely increase 
private spending on these items (crowding-in effects) once they are no longer provided by the public 
sector. 

Supply-side channels 

While the channels described above all work on the demand side, there are important supply-side 
channels as well, mainly linked to the labour market. They depend crucially on the composition of fiscal 
adjustment, and are more effective in the case of public spending cuts, especially government wage bills 
and welfare payments, rather than tax increases. Wage cuts in the public sector may induce a moderation in 
the wage claims by trade unions (either by increasing the probability of unemployment or by raising the 
costs of being unemployed), therefore reducing real wage pressure, stimulating employment, investment 
and output growth. While these effects finally result in an enhancement of labour market efficiency and the 
overall competitiveness of the economy, the structure and institutions of the labour market may play an 
important role as well. Nevertheless, they also highlight the importance of the composition of fiscal 

                                                      
4.  Exchange rate movements can be triggered not only by the reduction of the risk default premium per se, but 

also by extra capital inflows generated by the consolidation and the reduction in country risk. 

5.  The fact that they are liquidity constrained does not mean that they did not have access to the market in the 
past. Indeed, they could be liquidity constrained at present just because they have previously contracted large 
amount of FX debt (as it is often the case of Hungarian households). 
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adjustment, as a cut in expenditure on wages increases the price competitiveness of businesses, while the 
opposite effect occurs if taxes are raised.6

Credibility effects 

 

A key factor for the operation of many of these channels is the credibility of the consolidation 
process. Agents need to believe that the government is able to generate a persistent decrease in the public 
debt. The expectation channel will work only if economic agents believe that the future tax burden will 
indeed be lower. Similarly, since agents participating in financial markets tend to take their decisions with 
a forward-looking perspective, the risk premium and interest rates would fall only if improvements in the 
long-term fiscal position and financing needs are credibly announced. Consequently, an appreciation of the 
exchange rate and an improvement in the net wealth position are possible only if the risk premium falls 
after a credible announcement and implementation. 

Non-Keynesian channels modelled in the paper 

In the rest of the paper we use a DSGE model to examine the macroeconomic effects of alternative 
fiscal consolidation strategies, with an emphasis on identifying the channels through which non-Keynesian 
effects of fiscal consolidation arise. Theoretically, most of the channels and effects examined above may 
be relevant for Hungary, therefore there is a rationale for incorporating all the possible mechanisms into 
the model that may generate them. However, due to technical constraints the model lacks the explicit 
mechanism of risk-premium dependent foreign capital inflows. Further, we did not model the government 
sector in detail; therefore we do not have productive government investment, explicit supply of public 
goods, or interactions between the public and private sector linked to labor market developments. 

On top of traditional Keynesian effects and credibility effects, in this paper we consider the following 
non-Keynesian channels: i) the expectation channel (linked to the Ricardian behavior of agents expecting 
lower taxes in the future); ii) the risk premium channel (which decreases the debt level of both households 
and the government through lower interest rates); and iii) the wealth channel (driven by balance sheet 
effects resulting from the foreign exchange exposure of households and the government). The baseline 
model includes the expectation channel only. Subsequently, it is supplemented with the interest rate risk 
premium channel. Finally, the full model assesses the impact of fiscal consolidation when all the three 
non-Keynesian channels are switched on. The next section provides a description of the model, with a 
particular emphasis on those features that give rise to a meaningful role for fiscal policy. 

A DSGE model of the Hungarian economy 

The model is an estimated DSGE built for the Hungarian economy. The model is built upon the model 
of Baksa, Benk and Jakab (2010), which ultimately draws on Smets and Wouters (2003). DSGE models 
are particularly useful when exploring fiscal impact mechanisms. Besides the standard short-run Keynesian 
channels through liquidity-constrained rule-of-thumb consumers, in the longer run the model presents non-
Keynesian effects through forward-looking agents, whose behaviour is driven by their expectations of 
future taxes or expenditure. 

The underlying basic model is a neoclassical model, which is then augmented by various 
imperfections and frictions. This results in a model that has Keynesian features in the short run, while the 
long run is dominated by Ricardian agents driving the neoclassical result. 

                                                      
6.  Different types of taxes affect competitiveness to a different extent. Also, different sectors are affected to 

different extent (for instance, a hike in VAT favours the tradable sector). 
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Main assumptions 

The main frictions and related assumptions are the following: 

• Habit formation: consumers not only consider their instantaneous utility, but also their habit (past 
consumption) plays a role. This induces less volatility and more persistence in consumption, 
compared to RBC models. 

• Production: there are fixed costs in production and the capacity utilisation of production factors 
varies. Production can adjust to changes in conditions only with a lag. 

• Investment: the amount of capital is costly to adjust. When making investment decisions one 
should also take into consideration the current and expected price of capital. Thus, future 
profitability will have a key role in making capital-related decisions. 

• Pricing: price and wage setters face nominal stickiness and follow a Calvo-pricing mechanism, 
being unable to set an optimal price and wage at every period. Exporters set their price in foreign 
currency (local currency pricing), while domestic good producers set theirs in domestic currency. 

• There are significant indexation mechanisms in the economy: agents unable to set an optimal 
price may apply a rule of thumb and partially index their prices and wages with past inflation. 
The consequence of this is that the disinflationary efforts of the monetary policy bear real 
economic costs even beyond those determined by price stickiness: the realisation of a 
permanently lower inflation environment is accompanied by a decline in production. 

• There is a perceived trend inflation in the model that agents learn from past events in an adaptive 
way. Thus, inflation trend reaches the central bank’s target only gradually. The central bank will 
face credibility problems – at least temporarily – if it announces a new target for the future. 

• The economy is small and open: export prices, foreign import prices and export demand are 
exogenous. 

• The monetary authority operates an inflation targeting regime with an interest rate rule that 
considers deviations from the inflation target and movements in the exchange rate. 

In addition to the above, we introduce several frictions in connection with fiscal policy measures: 

• Some agents are fully liquidity-constrained and spend the entire amount of their current income 
on consumption. Thus any fiscal policy change will have significant real impacts over the short 
term. With no such agents, the fully rational and forward-looking Ricardian consumers would 
know that each current fiscal measure will have a tax-increasing or tax-reducing impact in the 
future and would therefore incorporate this knowledge into their current decisions, inducing 
offsetting effects in the short term. 

• Foreign investors penalise the country’s excessive indebtedness by demanding a higher interest 
rate premium. Risk premium therefore depends on the prevailing debt-to-GDP ratio. 

• Part of loans held by households is denominated in foreign currency. Therefore a change in the 
exchange rate will affect the current value of the periodical repayments and hence their 
disposable income. 
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• There are three types of taxes: a tax levied on labour and paid by the employees, a tax levied on 
labour and paid by employers, and a consumption tax. These taxes are distorting taxes, and they 
influence the long-term profitability of the economy. Regarding VAT rates, we assume that the 
net prices are the sticky ones, thus a VAT change would always entail a price change. We did not 
include capital taxes in the model as their empirical modelling would have entailed rather 
complicated data problems. 

• The government has two types of discretionary expenditures: it provides financial transfers to the 
liquidity-constrained non-optimiser consumers and purchases goods and services from the private 
sector. 

• We define several alternative fiscal reaction functions. Fiscal authority may react to current 
output (deviation from steady state) and to past deficits. These rules allow fiscal policy to 
stabilise the debt level. 

Agents 

There are five categories of agents in the model: households, firms, the government, the monetary 
policy maker and the foreign sector. 

Households 

The domestic economy is populated by a continuum of infinitely-lived households. A fraction 𝜔� of 
households choose their consumption stream in the standard rational optimising manner. These optimising 
households have labour and capital income and they own domestic firms. The expected utility function of 
household j is given by:  

 
�𝛽𝑡�(1 + 𝜂𝑡𝑐)�𝑢(𝐻𝑡𝑜(𝑗)) − (1 + 𝜂𝑡𝑙)𝑣(𝑙𝑡(𝑗))��
∞

𝑡=0

, (1) 

where 𝑢�𝐻𝑡𝑜(𝑗)� = �𝑐𝑡
𝑜(𝑗)−ℎ𝑐𝑡−1

𝑜 (𝑗)
1−𝜎

�
1−𝜎

 denotes the consumption utility of household j considered under 

consumption habits, 𝑣(𝑙𝑡(𝑗) ) = 𝑙𝑡
1+𝜑

1+𝜑
 denotes the leisure utility of individual households, where lt(j) 

denotes the number of working hours spent by consumer j in the corporate sector. The households’ 
subjective and the economy’s long-term discount factor is given by parameter β. Households’ consumption 
and employment valuation may vary over time, represented by preference shocks to consumption, ηc

t, and 
leisure, ηl

t. The σ parameter describes the intertemporal elasticity of the individual households’ utility, 
while the h parameter denotes the strength of habit formation. 

Households maximise the above objective function subject to the budget constraint: 

 (1 + 𝜏𝑡𝑐)𝑃𝑡𝑐𝑡𝑜(𝑗) + 𝑃𝑡𝐼𝑡(𝑗) +
𝐵𝑡(𝑗)
1 + 𝑖𝑡

= 𝐵𝑡−1(𝑗) + (1 − 𝜏𝑡𝑙)𝑊𝑡(𝑗)𝑙𝑡(𝑗) + 𝑃𝑡𝑟𝑡𝑘𝑢𝑡(𝑗)𝑘𝑡−1(𝑗)
−𝛹(𝑢𝑡(𝑗))𝑃𝑡𝑘𝑡−1(𝑗) + 𝐷𝑖𝑣𝑡 − 𝑂𝑇𝑡 

(2) 

According to this, individual households supply labour (differentiated by their skill type indexed by j), and 
receive labour income for their work in accordance to their negotiated wage wt(j), on which they pay 
𝜏𝑡𝑙  income tax to the government. Income is either consumed or saved. Consumption ct(j) is subject to a 
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consumption tax 𝜏𝑡𝑐. Savings are either invested into physical capital or into risk-free bonds Bt that yield an 
interest income it. Investments It(j) increase the stock of available capital goods kt, with the limitation that 
in the period concerned not all the accumulated capital, but only a certain part of it, ut is put at the disposal 
of firms. Households receive a capital income 𝑟𝑡𝑘 on the capital supplied earlier. As households own the 
shares of the firms, profits (if any) are redistributed to them in the form of dividends Divt. OTt represents 
any other lump sum government taxes levied on households. 

Physical capital accumulation is given by: 

 
𝑘𝑡 = (1 − 𝛿)𝑘𝑡−1 + �1 −𝜙𝐼 �

(1 + 𝜂𝑡𝐼)𝐼𝑡
𝐼𝑡−1

�� 𝐼𝑡 , (3) 

where 𝜙𝐼 �
�1+𝜂𝑡𝐼�𝐼𝑡
𝐼𝑡−1

� is a convex investment adjustment cost, while ηI
t denotes the shock to the adjustment 

function. 

Households maximise their lifetime utility, resulting in the following equilibrium conditions:  

1. Euler equation is written as: 

 𝜆𝑡
(1 + 𝜏𝑡𝑐)𝑃𝑡

= 𝛽(1 + 𝚤𝑡�)𝐸𝑡 �
𝜆𝑡+1

(1 + 𝜏𝑡+1𝑐 )𝑃𝑡+1
� (4) 

where λt denotes the marginal utility of consumption in period t, and the effective nominal 
interest rate 𝚤𝑡� is given by: 

 1 + 𝚤𝑡� = 1 + 𝑖𝑡 + 𝜈𝐷𝑑𝑡� = 𝑟𝑡� + 𝐸𝑡𝜋𝑡+1 (5) 

 𝑟𝑡� =
1
𝛽
− 1 + 𝜈𝐷𝑑𝑡� (6) 

This setup indicates that the net (less value added tax) real interest rate, 𝑟𝑡� , is adjusted for the 
interest rate premium dependent on public debt. (𝑑𝑡�) is the debt-to-GDP ratio minus the debt 
level in the steady state (𝑑𝑡� = 𝑑𝑡 − 𝑑). In the baseline case we keep the parameter 𝜈𝐷 at zero and, 
hence, in that case forward-looking consumers just use the risk-free real interest rate (which in 
the steady state equals the inverse of the discount factor) and their inflation expectations for 
discounting future marginal utilities. When the interest rate premium channel is switched on, the 
real interest rate is adjusted for the interest rate premium (𝜈𝐷𝑑𝑡�), and according to (5) the nominal 
interest rate (𝚤𝑡�) is the debt-adjusted real interest rate plus expected inflation. 

Investment dynamics are determined by: 

 𝜆𝑡
1 + 𝜏𝑡𝑐

𝑄𝑡 �1 −𝜙𝐼 �
(1 + 𝜂𝑡𝐼)𝐼𝑡

𝐼𝑡−1
� − 𝜙𝐼′ �

(1 + 𝜂𝑡𝐼)𝐼𝑡
𝐼𝑡−1

�
(1 + 𝜂𝑡𝐼)𝐼𝑡

𝐼𝑡−1
�

=
𝜆𝑡

1 + 𝜏𝑡𝑐

− 𝛽𝐸𝑡
𝜆𝑡+1

1 + 𝜏𝑡+1𝑐 �𝑄𝑡+1𝜙𝐼′ �
(1 + 𝜂𝑡+1𝐼 )𝐼𝑡+1

𝐼𝑡
�

(1 + 𝜂𝑡+1𝐼 )𝐼𝑡+12

𝐼𝑡2
� 

(7) 
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where Qt is the implicit shadow price of capital. Note, that as 𝜆𝑡+1 depends on the adjusted (debt 
dependent) real interest rate, investment decisions are also affected by the public debt. In the 
baseline model, however, this channel is switched off. 

2. The no-arbitrage condition determines the portfolio choice between bonds and physical capital: 

 𝜆𝑡𝑄𝑡 = 𝛽𝐸𝑡𝜆𝑡+1�𝑄𝑡+1(1− 𝛿) + 𝑢𝑡+1𝑟𝑡+1𝑘 − 𝛹(𝑢𝑡+1(𝑗))� (8) 

3. Capacity utilisation of capital is given by the following condition: 

 𝑟𝑡𝑘 = 𝛹′(𝑢𝑡(𝑗)) (9) 

4. A (1 −𝜔)���� fraction of consumers are liquidity-constrained and are unable to optimise their entire 
lifetime utility. They spend all of their labour income and the financial transfers TRt received in a 
given period on purchasing consumption goods 𝑐𝑡𝑛𝑜. When balance sheet effects are considered, 
consumers are also indebted in foreign currency. Therefore, a currency appreciation will decrease 
their debt service burden and, as a result, boost their consumption. 

 (1 + 𝜏𝑡𝑐)𝑃𝑡𝑐𝑡𝑛𝑜 = �1 − 𝜏𝑡𝑙�𝑊𝑡𝑙𝑡 +
𝑇𝑅𝑡

1 −𝜔�
+ (𝑒𝑡𝐵𝑡−1 − 𝐷𝑡−1)(𝑖𝑡∗ +

1
𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛

) (10) 

The last term in equation (10) is only present when we allow for foreign currency indebtedness. 
In the baseline model and in the model version with interest rate premium only this channel is 
switched off. 

There is monopolistic competition in the labour market, with different types of labour being supplied 
by households. Households act as trade unions being able to set wages with a markup. Only 1-γw of the 
households are able to set the nominal wage in an optimising way, with the remaining part following a 
non-optimising rule-of-thumb indexation to past inflation. The resulting (log-linearised) wage Phillips 
curve has the form: 

 
𝜋𝑡𝑤� =

(1 − 𝛾𝑤)(1 − 𝛽𝛾𝑤)
𝛾𝑤(1 + 𝜃𝑤𝜑)(1 + 𝛽𝜗𝑤) �

𝜑𝑙𝑡 − 𝑤𝑡 + 𝜂𝑡𝑙 +
𝜎

1 − ℎ �
𝑐𝑡𝑙 − ℎ𝑐𝑡−1𝑙 �+

𝜏𝑐

1 + 𝜏𝑐
𝜏𝑡𝑐

+
𝜏𝑙

1 + 𝜏𝑙
𝜏𝑡𝑙 + 𝜉𝑡𝑤� +

𝛽
1 + 𝛽𝜗𝑤

𝐸𝑡𝜋𝑡+1𝑤 +� 𝜗𝑤

1 + 𝛽𝜗𝑤
𝜋𝑡−1𝑤 ,�  

(11) 

where 𝜗𝑤 denotes the rate of indexation, 𝜃𝑤denotes the labour market elasticity, while 𝑐𝑡𝑙 is the weighted 
marginal utility of the two types of consumers. 𝜉𝑡𝑤is the wage mark-up shock. 

Firms 

Production takes place in two stages. In the first stage firms produce a homogenous intermediate 
product zt through a CES production function by using labour lt and imports mt as inputs. Factor inputs are 
subject to quadratic adjustment costs (with parameters 𝜙1 and 𝜙2). 

 
𝑧𝑡 = (𝑎

1
𝜚𝑧[(1 + 𝜙1)−1𝑙𝑡]

𝜚𝑧−1
𝜚𝑧 + (1 − 𝑎)

1
𝜚𝑧[(1 + 𝜙2)−1𝑚𝑡]

𝜚𝑧−1
𝜚𝑧 )

𝜚𝑧
𝜚𝑧−1, (12) 

where α denotes the share of labour used in production, while 𝜚𝑧 denotes the elasticity of substitution 
between the factors. Due to the adjustment costs, the relevant factor costs differ from the market prices of 
the inputs. The firm’s cost minimisation problem yields: 
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1. Relevant wage 𝑤𝑡��� (the wage adjusted for adjustment costs): 

 
𝑤𝑡��� =

(1 + 𝜏𝑡𝑠)𝑤𝑡
(1 + 𝜙1)−1 − 𝑙𝑡(1 + 𝜙1)−2𝜙1′

 (13) 

This indicates the link between the market real wage (wt) and the wage costs relevant for firms. 

2. Relevant import price 𝑞𝑡𝑃𝑡𝑚∗�������� (import prices adjusted for adjustment costs): 

 
𝑞𝑡𝑃𝑡𝑚∗�������� =

𝑞𝑡𝑃𝑡𝑚∗

(1 + 𝜙2)−1 − 𝑚𝑡(1 + 𝜙2)−2𝜙2′
, (14) 

This indicates the relationship between the import price and the import costs relevant for 
companies, where qt is the real exchange rate and 𝑃𝑡𝑚∗  is the import price expressed in foreign 
currency. 

3. Marginal cost of the intermediate product: 

 
𝑤𝑡𝑧 = [𝑎𝑤�𝑡

1−𝜚𝑧 + (1 − 𝑎) 𝑞𝑡𝑃𝑡𝑚∗��������1−𝜚𝑧]
1

1−𝜚𝑧 (15) 

shows – in real terms – the production costs of a supplementary intermediate product. 

4. Labour demand: 

 
𝑙𝑡 = 𝑎 �

𝑤𝑡𝑧

𝑤𝑡���
�
𝜚𝑧
𝑧𝑡(1 + 𝜙1) (16) 

5. Import demand: 

 
𝑚𝑡 = (1 − 𝑎)�

𝑤𝑡
𝑧

𝑞𝑡𝑃𝑡𝑚∗���������
𝜚𝑧

𝑧𝑡(1 + 𝜙2) (17) 

The homogenous intermediate product is purchased by monopolistically competitive firms and is 
combined through a CES production function with the accumulated capital supplied by households, 
yielding the final output: 

 
𝑦𝑡(𝑖) = (1 + 𝜂𝑡𝐴)(𝛼

1
𝜚𝑘𝑡� (𝑖)

𝜚−1
𝜚 + (1 − 𝛼)

1
𝜚𝑧𝑡(𝑖)

𝜚−1
𝜚 )

𝜚
𝜚−1 − 𝑦𝑓̅, (18) 

where α denotes the share of capital used in the production, 𝜚, denotes the elasticity of substitution, while 𝑓 ̅
is the fixed cost of production. The first order conditions of the cost minimisation problem are: 

1. Final goods real marginal cost mc: 

 

𝑚𝑐𝑡 =
(𝛼(𝑟𝑡𝑘)1−𝜚 + (1 − 𝛼)(𝑤𝑡𝑧)1−𝜚)

1
1−𝜚

1 + 𝜂𝑡𝐴
 (19) 
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2. Capital demand function: 

 
𝑢𝑡𝑘𝑡−1 = 𝛼 �

𝑚𝑐𝑡
𝑟𝑡𝑘

�
𝜚 𝐷𝑃𝑡𝑦𝑡 + 𝑦𝑓̅

(1 + 𝜂𝑡𝐴)1−𝜚
 (20) 

3. Intermediate product demand function: 

 
𝑧𝑡 = (1 − 𝛼)�

𝑚𝑐𝑡
𝑤𝑡𝑧

�
𝜚 𝐷𝑃𝑡𝑦𝑡 + 𝑦𝑓̅

(1 + 𝜂𝑡𝐴)1−𝜚
, (21) 

where DPt denotes dispersion (related to the cross-section variance) of the price index. 

We assume that firms set their price in a Calvo-setting manner, that is, only a fraction (1-γd) of them is 
able to set their optimal price in a given period. The remaining firms follow a rule-of-thumb by indexing 
their price to the perceived trend inflation. The resulting log-linearised New Keynesian Phillips curve for 
the domestic inflation 𝜋𝑡� takes the form:  

 
𝜋𝑡� =

(1 − 𝛾𝑑)(1 − 𝛽𝛾𝑑)
𝛾𝑑(1 + 𝛽𝜗𝑑) �𝑚𝑐𝑡 + 𝜉𝑡𝑑� +

𝛽
1 + 𝛽𝜗𝑑

𝐸𝑡𝜋𝑡+1� +
𝜗𝑑

1 + 𝛽𝜗𝑑
𝜋𝑡−1� , (22) 

where 𝜗𝑑 denotes the rate of indexation, while ξd
t is the domestic price mark-up shock. 

Part of final goods is exported. Exporting companies – similarly to domestic companies – also 
compete monopolistically and set their price in a Calvo manner. (1- γx) of them is able to set the optimal 
price, while the remaining index their price to the previous price change. The new Keynesian Phillips 
curve for export price inflation 𝜋𝑡𝑥∗�  takes the form: 

 
𝜋𝑡𝑥∗� =

(1 − 𝛾𝑥)(1 − 𝛽𝛾𝑥)
𝛾𝑥(1 + 𝛽𝜗𝑥)

{−𝑃𝑡𝑥∗ − 𝑞𝑡 + 𝜉𝑡𝑥} +
𝛽

1 + 𝛽𝜗𝑥
𝐸𝑡𝜋𝑡+1𝑥∗� +

𝜗𝑥

1 + 𝛽𝜗𝑥
𝜋𝑡−1𝑥∗� , (23) 

where 𝜗𝑥 denotes the rate of indexation, while ξx
t is the mark-up shock and Px*

t is the export price 
measured in foreign currency. 

Regarding trend inflation, agents apply a special adaptive learning algorithm, where they “learn” trend 
inflation gradually from the previous period’s trend inflation and the inflation of the current period: 

 
(1 + 𝜋𝑡���) = (1 + 𝜋𝑡−1������)𝜌𝜋 �

1 + 𝜋𝑡
1 + 𝜋𝑡���

�
𝑔

, (24) 

where ρπ is the persistence of trend inflation and g is the learning speed parameter. 

We assume that the change in consumption taxes is irrelevant for firms; therefore the Phillips curves 
do not include any consumption tax. Consumption taxes are introduced separately – in addition to the 
actual inflation – by defining gross price-based inflation: 

 
1 + 𝜋𝑡

𝑔𝑟𝑜𝑠𝑠 = (1 + 𝜋𝑡)
1 + 𝜏𝑡𝑐

1 + 𝜏𝑡−1𝑐  (25) 
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Monetary policy 

The central bank follows an inflation targeting regime, and sets the nominal interest rates based on a 
Taylor-type rule. The objective function includes net inflation (i.e. inflation without VAT) and (with a 
smaller weight) the nominal exchange rate. 

 1 + 𝑖𝑡
1 + 𝑟

= �
1 + 𝑖𝑡−1

1 + 𝑟
�
𝜁𝑖
�(1 + 𝜋𝑡)𝜁𝜋𝑒𝑡

𝜁𝑒�
1−𝜁𝑖

�1 + 𝜂𝑡𝑖�, (26) 

where ζi denotes the degree of interest rate smoothing, ζπ the weight on inflation, ζe the weight of the 
nominal exchange rate et. r is the long-term real (risk free) interest rate, while ηi

t is an exogenous stochastic 
shock. The choice of this particular form of the monetary policy rule is justified by Hidi (2006), who 
showed that for Hungary (as a small open economy) the fit of the standard Taylor rule can be significantly 
improved by including the exchange rate, while the impact of the output gap is negligible. Central bank’s 
reaction to the output gap was found insignificant, and thus we use a reaction function without this term.7

Fiscal policy 

 

Fiscal policy is implemented through a set of simple fiscal rules. The government can finance its 
expenditure either by raising tax revenues (value added tax, personal income tax or employers’ social 
security contributions) or from deficit. For simplicity, we assume that financial transfers are devoted only 
to non-optimiser households. During the simulations described later, we assume a reduction in deficit by a 
change in the five, distortionary instruments (and not in the lump sum ‘other net revenues’). The 
government budget constraint is:  

 𝑂𝑇𝑡 + 𝜏𝑡𝑐𝑐𝑡 + 𝜏𝑡𝑙𝑤𝑡𝑙𝑡 + 𝜏𝑡𝑠𝑤𝑡𝑙𝑡 = 𝑃𝑡(1 + 𝜂𝑡𝐺)𝐺 + 𝑇𝑅𝑡 + 𝐷𝑡 − 

(
1 + 𝚤𝑡�

1 + 𝜋𝑡+1
𝑔𝑟𝑜𝑠𝑠 +

𝑓𝑥𝑠ℎ𝑎𝑟𝑒
𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛𝑔𝑜𝑣

∗ 𝑒𝑡)𝐷𝑡−1 
(27) 

where 𝐺 is the steady-state value of the volume of government purchases of goods and services, while 𝜂𝑡𝐺 
is the shock to government expenditures leading to temporary deviations from steady-state expenditures. G 
is unproductive, that is, while it raises aggregate demand, it is consumed rather than invested and does not 
generate any positive externality. 𝑇𝑅𝑡 denotes financial transfers to non-optimising households. 𝜏𝑡𝑐 refers to 
the value added tax rate, 𝜏𝑡𝑙 to the personal income tax rate8

 

, and 𝜏𝑡𝑠 to the employers’ social security 
contribution rate. The last term in equation (27) is the balance sheet effect of foreign currency denominated 
bonds. Other net revenues (𝑂𝑇𝑡) are assumed to be of a lump sum nature. 𝐷𝑡 denotes government debt in 
national currency. We assume that other net revenues follow an autoregressive process with an i.i.d. shock. 

𝑂𝑇𝑡� = 𝜌𝑂𝑇𝑂𝑇𝑡−1� + 𝜉𝑡𝑂𝑇 (28) 

𝑇𝑡 is total deficit/surplus (primary balance minus interest payments)  and the government debt follows 
the law of motion: 

 𝐷𝑡 =  𝐷𝑡−1 + 𝑇𝑡 (29) 

                                                      
7.  Results with a Taylor rule where monetary policy reacts also to the output gap are available upon request. 

8.  Social security contributions paid by employees are categorised to personal income taxes throughout this paper. 
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In the baseline estimated model we treat all tax rates as exogenous processes, and thus the deficit is 
financed by lump sum taxes. 

As opposed to the baseline model, one may introduce fiscal reaction functions into the model. For this 
purpose, we define five alternative fiscal rules and estimate their parameters. It is assumed that the fiscal 
authority reacts to current output (deviation from steady state) in order to fulfill its stabilising role (or 
simply letting the automatic stabilisers work) and to past deficits. Thus, fiscal policy (though only in a 
lagged fashion) tries to stabilise the deficits and consequently the debt level, but does not target a specific 
debt level, just stabilises it. This seems to be at odds with fiscal rules in practice, but as we analyse 
permanent fiscal consolidations, we need to establish debt dynamics, such that in the long run the debt is 
lower than in the initial steady state. 

The reaction function for taxes follows: 

 𝜏𝑡𝚤� = 𝜌𝜏𝑖𝜏𝑡−1𝚤� + �1 − 𝜌𝜏𝑖� (𝜑𝐺𝐷𝑃𝜏𝑖 𝐺𝐷𝑃𝑡 − 𝜑𝑇𝜏
𝑖𝑇𝑡−1�) + 𝜉𝑡𝑖 (30) 

where i={c, s, l} define the three rules corresponding to the three taxes, 𝜉𝑡𝑖 indicates the shocks in t periods, 
and “hats” denote log-deviations.  

For the government expenditure and financial transfers the following rules are applied: 

 𝑥𝑡� = 𝜌𝑥𝑥𝑡−1� + (1 − 𝜌𝑥)(−𝜑𝐺𝐷𝑃𝑥 𝐺𝐷𝑃𝑡 + 𝜑𝑇
𝑥𝑇𝑡−1� ) + 𝜉𝑡𝑥 (31) 

where x={TR, 𝜂𝑡𝐺}. 

As we analyse permanent fiscal consolidations, reaction functions are switched off for some time. In 
order to achieve a stationary solution of the model we switch on the reaction function with personal income 
taxes. That way, public debt stabilises at a lower level than the initial steady state. 

External sector 

The external sector is represented in an ad hoc manner. The demand for export goods (𝑥𝑡) is given by: 

 𝑥𝑡 = (1 + 𝜂𝑡𝑥)𝑥∗(𝑃𝑡𝑥∗)−𝜃𝑥∗ , (32) 

where θx* is the export price elasticity, x* is the long-term value of exports, and ηx
t is the exogenous shock 

to export demand. We assume that import prices evolve exogenously. 

Economic agents may accumulate debts against foreign partners. Foreign agents supply capital at a 
rate which depends on the deviation of the net foreign asset position (bt) from its steady state (b), the 
financial premium shock ηpr

t (Schmitt-Grohé-Uribe, 2002) and on the country’s debt level (foreign 
investors penalise the country’s excessive indebtedness by demanding a higher interest rate premium). 

 1 + 𝑖𝑡∗

1 + 𝑟
= 𝑒−𝜈(𝑏𝑡−𝑏)𝑒+𝜈𝐷(𝑑𝑡−𝑑)�1 + 𝜂𝑡

𝑝𝑟�, (33) 
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The evolution of net foreign assets (expressed in foreign currency) is given by the assets in the 
previous period and by net exports: 

 
𝑏𝑡 = (1 + 𝑖𝑡−1∗ )𝑏𝑡−1 +

𝑃𝑡𝑥∗𝑥𝑡
𝐺𝐷𝑃𝑠𝑠

−
𝑃𝑡𝑚∗𝑚𝑡

𝐺𝐷𝑃𝑠𝑠
, (34) 

The nominal exchange rate is determined by the modified uncovered interest rate parity, where 𝑖𝑡∗ 
depends on public debt as well (if the interest rate premium channel is switched on). 

 1 + 𝑖𝑡
1 + 𝑖𝑡∗

=
𝑒𝑡+1
𝑒𝑡

 (35) 

Equilibrium conditions 

The goods market equilibrium condition is derived by aggregating the individual budget constraints:  

 𝑦𝑡 = 𝑐𝑡 + 𝐼𝑡 + (1 + 𝜂𝑡𝐺)𝐺 + 𝐷𝑃𝑡𝑥𝑥𝑡 + 𝛹(𝑢𝑡(𝑗))𝑘𝑡−1, (36) 

where ct is the aggregated consumption of the two types of consumers, 𝛹(𝑢𝑡(𝑗))𝑘𝑡−1 is the volume of 
capital not utilised in production and DPx

t is the dispersion of export prices. In order to determine the total 
GDP of the economy, domestic demand needs to be adjusted by the export revenues, import expenses 
(calculated in domestic currency) and the expenses used for export production: 

 𝐺𝐷𝑃𝑡 = 𝑦𝑡 + 𝑞𝑡𝑃𝑡𝑥∗𝑥𝑡 − 𝑞𝑡𝑃𝑡𝑚∗𝑚𝑡 − 𝑥𝑡 (37) 

Estimation 

The model is estimated on a quarterly data sample between 1995 and 2010 by using Bayesian 
techniques. It is taken into account that there was a change in the monetary policy framework9

The model is estimated without switching on the fiscal reaction functions (Table 1). This choice of the 
estimation strategy was motivated by the observation that Hungarian fiscal policy stabilised the deficit in a 
rather erratic way: hence estimating the model jointly with reaction functions would have been rather 
impossible. Throughout this paper we use the coefficients estimated for the second regime. 

 in 2001, 
which – in the case of general equilibrium models – may lead to a different model. The problem of the 
policy change is handled by setting up two separate models, which is then taken into consideration in the 
Bayesian estimation by using the method of Jakab-Kónya (2009). We estimated the model for the first 
subsample and, subsequently, used the resulting posterior averages as priors for the estimation of the 
second subsample. This method is based on the presumption that the regime change did not affect the 
whole structure of the model economy, so that we do not expect too much change for some of the key 
parameters (e.g. elasticity of intertemporal substitution, consumer habit) of the model. Certainly, some 
other parameters (the extent of indexation, the frequency of price changes, etc.) could have changed in the 
wake of the regime change. The use of Bayesian estimation is therefore a flexible solution: we let the data 
“speak” whether the parameters have changed or not and this is done exactly by setting the mean of the 
prior distributions for the second regime to be posterior to the first regime (prior standard errors are 
generally higher than the posterior ones). 

                                                      
9.  Hungarian monetary policy followed an exchange rate targeting (crawling band) regime until 2001. Since then 

an inflation targeting framework operates. 



ECO/WKP(2012)22 

 20 

According to our estimates domestic prices are relatively sticky, while export prices and nominal 
wages are less so. Interest rate smoothing is lower than usually found for advanced economies and 
monetary policy reacts to inflation with a coefficient close to 1.5.  

Table 1. Estimation results 

  Prior distribution* Estimated posterior 
  

Type Mean Standard 
error 

Regime 1 Regime 2 

  Mean 
90% 

probability 
interval 

Mean 
90% 

probability 
interval 

Utility function         
Intertemporal elasticity σ Normal 2.0 0.4 2.01 1.60-2.44 2.24 1.67-2.77 
Consumer habit h Beta 0.6 0.1 0.42 0.32-0.50 0.39 0.26-0.53 

Parameters of pricing, waging       
Indexation of:         

Wages  Beta 0.5 0.15 0.24 0.10-0.39 0.08 0.01-0.15 

Domestic prices  Beta 0.5 0.15 0.92 0.87-0.97 0.15 0.01-0.29 

Export prices  Beta 0.5 0.15 0.66 0.45-0.87 0.60 0.37-0.84 

Calvo parameter of:         

Domestic prices  Beta 0.5 0.15 0.82 0.79-0.84 0.84 0.81-0.86 

Export prices  Beta 0.5 0.15 0.68 0.63-0.72 0.76 0.73-0.79 

Wages  Beta 0.5 0.15 0.46 0.39-0.53 0.47 0.41-0.54 

Other parameters         

Elasticity of exports  Beta 0.5 0.15 0.70 0.58-0.80 0.70 0.55-0.87 
Inflation learning g Beta 0.17 0.03 0.20 0.16-0.24 0.20 0.15-0.24 

Interest rate smoothing**  Beta 0.5 0.15 - - 0.61 0.45-0.76 

Inflation in Taylor rule**  Normal 1.5 0.16 - - 1.53 1.29-1.80 

Autoregressive coefficients       
Productivity ρa Beta 0.8 0.1 0.53 0.43-0.62 0.42 0.29-0.53 
Export demand ρx Beta 0.8 0.1 0.86 0.79-0.95 0.69 0.55-0.85 
Financial premium ρpr Beta 0.8 0.1 0.56 0.49-0.62 0.46 0.37-0.57 
Government expenditure ρg Beta 0.8 0.1 0.80 0.62-0.92 0.75 0.62-0.89 
Financial transfer ρtr Beta 0.8 0.1 0.86 0.79-0.95 0.81 0.67-0.96 
Consumer preference ρc Beta 0.8 0.1 0.87 0.79-0.96 0.82 0.68-0.98 
Labor market ρw Beta 0.8 0.1 0.93 0.86-0.98 0.90 0.78-0.99 
Investment ρI Beta 0.8 0.1 0.90 0.84-0.95 0.48 0.34-0.62 
Value-added tax rate ρτc Beta 0.8 0.1 0.88 0.81-0.97 0.76 0.57-0.99 
Social security contribution 

rate ρτs Beta 0.8 0.1 0.94 0.88-0.99 0.99 0.97-1.00 
Personal income tax rate ρτl Beta 0.8 0.1 0.85 0.77-0.93 0.91 0.84-0.98 

Notes: 
* The prior distribution concerns the first regime; in the second regime the prior corresponds to the posterior average estimated for 

the first regime. The parameters of the monetary policy reaction functions are exceptions. 
** The parameter was only estimated in the second regime. 
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Results 

This section simulates the effects of various fiscal consolidation scenarios under various assumptions. 
The assumptions of the scenarios differ, first, in terms of the expectations (credibility) and, second, in 
terms of the composition of various consolidation measures. 

Expectations that the agents form regarding the various fiscal measures are crucial. In this respect, 
when determining the impact of fiscal tightening we operate with two distinct sets of assumptions 
regarding the extent to which a fiscal measure is credible (fully anticipated) or not. 

In the first case agents consider fiscal policy changes as permanent and fully credible. All Ricardian 
agents expect a permanent tightening, and this tightening indeed takes place as expected. This is simulated 
with fully anticipated permanent shocks. The second case considers measures which are not fully credible, 
despite the fact that the measures are designed to be permanent. This means that agents think that there is a 
probability that the measures will be reversed at some point in the future. Agents expect that fiscal 
tightening will gradually cease, according to a pace (autoregressive process) observed in the past. In this 
respect, in every subsequent period a part of the shock will be interpreted as a “surprise” (i.e. agents are 
surprised by the fact that the measure still fully persists). 

The fiscal shocks throughout this analysis are always set to be such that their direct fiscal impact in 
the first quarter account for 1% of (original) steady-state GDP (for a detailed description of the scenarios 
see Table 2).10

Table 2. Description of fiscal scenarios 

 This means that the simulated trajectory we present is equal to minus one times the 
multipliers. In all simulations we analyse permanent fiscal consolidation: government consumption, 
financial transfers are lower, taxes are higher permanently. 

Type of consolidation Description 

Reduction in 

Government consumption 4.4% drop in the sum of government consumption, 
government investment and transfers in kind 

Transfers 7.1% lower financial transfers 

Increase in 

Personal income tax 2.2 percentage point higher rate of the sum of personal 
income and social security contribution paid by employees 

Social security contribution 2.2 percentage point higher rate of social security contribution 
paid by employers 

Value-added tax 1.83 percentage point higher rate of value added tax 

Note: These are stylized scenarios based on the simple fiscal instruments contained by the model. However, the set of fiscal 
consolidation instruments available to a policymaker is much more varied. Sutherland et al. (2012) offers a comprehensive 
assessment of spending and revenue instruments in terms of their potential to improve the primary balance as well as other policy 
objectives such as growth and distributional impacts. 

There is a difference in how these ex post permanent retrenchments are perceived by the economic 
agents. A perfectly credible simulation is when the whole fiscal path is fully anticipated and in this case the 
model is solved with perfect foresight. This treatment of credibility is, in our view, quite straightforward. 
However, modeling incredibility is a slightly more complicated issue. One can think of perfect incredibility 
when agents are always surprised that in the next period the government ties its hands and sticks to the 
                                                      
10.  We set the shocks as having a direct impact of 1% of steady-state GDP, and since indirect effects are in place 

starting from the first quarter, the immediate effects on budget deficit are slightly different from 1% even in 
the very short term.  
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envisaged fiscal plan. Technically this could be modeled by running simulations with a series of 
unexpected shocks. This case is analysed in depth by Baksa-Benk-Jakab (2010). However, it is quite 
difficult to imagine this case for the long run. One can think of imperfect credibility as a gradual learning 
of the shocks: agents continuously learn that the government really achieves the permanent fiscal 
tightening. In this case the learning mechanism of agents should also be explicitly modeled. 

The approach we follow captures this mechanism with a proxy solution. All fiscal variables are 
governed by an autoregressive process. Letting these autoregressive equations work means that in each 
period a part of the fiscal tightening is anticipated by the agents and a constant fraction of the fiscal shocks 
comes as a surprise (partially credible scenarios are hard to interpret in the long run, as in the long run the 
consolidation finally becomes perfectly credible). This is similar to the simplest learning mechanism. 

One should be aware, that fiscal multipliers are highly affected by how the original fiscal stimulus or 
contraction is financed (in the latter case whether they are accompanied by some tax cuts later) 
[see e.g. Gali and Monacelli (2008) and more recently Obstbaum (2011)]. However, in this paper we 
analyse fiscal consolidation resulting in a permanently lower government debt level, thus we allow debt 
level to change. So, fiscal reactions are switched off for the first five years and only switched on 
afterwards. The fiscal rules only contain deficit and output (equations 30 and 31). Hence, in this way, the 
level of debt is permanently lower in all scenarios. The role of fiscal reaction is crucial (see e.g. Ramey 
(2011) where an expansion of government purchases financed by distortionary labour taxes in the future 
has higher multipliers than those financed by lump sum taxes, or in other words by deficit), but throughout 
these exercises we abstract from the issue of financing. 

The shocks we consider are expected to operate through a number of non-Keynesian channels, beside 
the traditional Keynesian effects, which initially include the expectation channel only (baseline model); 
then the expectation and risk premium channels; and finally the combined effects of expectation, risk 
premium and wealth (balance sheet) channels. The non-Keynesian channels will therefore either dampen 
the Keynesian effects, or even completely reverse their sign. All simulations are performed around the 
deterministic steady state by using the log-linearised version of the model. 

Simulations in the baseline New Keynesian model 

In the simplest case, the baseline model is a New Keynesian model, which captures both the 
neoclassical and the Keynesian channels. The neoclassical elements work mainly on their effect on labour 
supply. Higher taxes (on labour paid by employees) decrease the supply of labour and also put downward 
pressure on aggregate demand and consequently on labour demand. The substitution away from labour to 
leisure is dominant and this leads to lower consumption and output, both in the short and in the long run. In 
the long run, all of these effects are associated with a positive multiplier, i.e. a lower economic activity.11

The New Keynesian model incorporates the neoclassical wealth effect through the expectation 
channel, but it has some features which could modify multipliers. A significant share of households is 

 
In both the basic neoclassical and New Keynesian models reductions in government spending are like the 
construction of less “white elephants”, which means that in the long run less resources are vested. In this 
paper we do not consider the contradictory effects of a reduction in government investments and public 
goods through their possible negative impact on production capacities. Naturally, a reduced demand for 
productive public goods might have a very negative effect on output, e.g. if it induces a significant 
reduction in uniform services. In addition, we do not model potential asymmetries in multipliers stemming 
from e.g. underutilised resources during recessions (which generate higher multipliers in recessions). 

                                                      
11.  In the short run the increase in labour taxes (paid by employers) works in a different way (through labour 

demand first), but in principle it does not differ from labour taxes paid by employees as households own firms. 
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liquidity-constrained (rule-of-thumb consumers).12

On the other hand, monetary policy in the New Keynesian model is mitigating the above effects, 
leading to smaller multipliers.

 They are consuming all of their net disposable income 
(labour income in the baseline case). Price and wage rigidities generate an aggregate demand effect of 
fiscal shocks. Because prices and wages are not flexible, aggregate demand falls and this generates a fall in 
demand for labour. This is the major reason why our New Keynesian model generates a positive multiplier 
(so output drops after a fiscal drag). 

13

In addition, the presence of a backward-looking indexation mechanism, variable capacity utilisation, 
and adjustment cost for factors, are all responsible for the short-run dominance of positive multipliers. In 
all cases, a fiscal tightening is accompanied by a drop in output and private consumption and may 
strengthen the neoclassical channels. 

 

In the short run, a fall in government consumption should be accompanied by higher private 
consumption and investment. Lower government consumption or higher taxes today also lead to lower real 
interest rates (helped by supportive monetary policy) and real wages, and to an increase in consumption 
and investment (Ricardian behavior). This is because agents expect lower taxes or less binding resource 
constraints due to lower government purchases in the future in exchange of higher taxes or lower income 
today, and they smooth consumption, thus private consumption and investment grow immediately. 

The above mentioned mechanism predicts that the negative short-term effects of fiscal tightening is 
mitigated when private agents fully perceive the fiscal consolidation efforts to be permanent and credible, 
that is, the government is able to commit itself to preserve the newly gained fiscal space. We would then 
expect a stronger chance of observing non-Keynesian effects when stabilisations are credible, compared to 
the partially credible consolidations. 

The effect of a reduction in transfers (which are negative taxes) would have similar effects. Transfers 
are targeted towards rule-of-thumb consumers. Consequently, they create an immediate decrease in 
consumption demand from this group and, thus, the output loss is larger than that of tax hikes. 

Table 3 and the dashed lines in the charts in the Annex show the results from simulating various fiscal 
scenarios in the baseline New Keynesian model. Simulations indicate that all fiscal consolidation scenarios 
end up with negative effects on output: non-Keynesian expectation effects are outweighed by Keynesian 
ones. 

A reduction in government purchases of goods and services has by far the strongest effect on output; 
however, since Hungary is a small open economy, the effect is weaker than usually found for larger 
economies (e.g. Coenen et al., 2010). Personal income tax and social security contribution hikes have very 
similar effects: they have the smallest multipliers. The reason is that they both lead to more expensive 
labour, but the income effects mitigate this – to keep up the same level of utility agents work a bit longer, 
compared to other scenarios. Even though shocks on personal income tax and social security contributions 
have the same long-run effects, they have somewhat different effects in the short run. The reason is that 
                                                      
12.  The 25% share of rule-of-thumb consumers is calibrated by a separate error correction equation between 

consumption, disposable income, household wealth and the short term immediate effect of disposable income 
measures on the role of liquidity constraints. 

13.  When interest rates are around the zero lower bound and if monetary policy reacts to gross inflation, it might 
be unable to counteract the fiscal tightening through value-added tax hikes and thus the drop in output would 
be larger (see Coenen et al., 2010 on how multipliers are affected by the zero lower bound). 
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social security contributions are paid by the employers and thus directly enter into the price setting 
mechanism (to the Phillips curve), while personal income tax changes have only indirect effects, through 
the fall in income and through wage bargaining. As a result, after a personal income tax hike, inflation 
drops while the opposite happens with an increase in social security contributions. 

Table 3. Effects of fiscal consolidations on output in the baseline New Keynesian model  

Percentage point deviations from the steady state 

 Reduction in Increase in 

Years Government 
consumption 

Transfers Personal  
income tax 

Social security 
contribution 

Value-added tax 

Fully credible 

1 -0.44 -0.32 -0.12 -0.09 -0.27 
2 -0.25 -0.14 -0.12 -0.16 -0.30 
3 -0.21 -0.08 -0.14 -0.17 -0.11 
4 -0.23 -0.07 -0.15 -0.16 -0.11 

Partially credible 

1 -0.62 -0.48 -0.12 -0.08 -0.36 
2 -0.40 -0.32 -0.11 -0.15 -0.26 
3 -0.28 -0.21 -0.11 -0.17 -0.11 
4 -0.27 -0.19 -0.12 -0.16 -0.12 

 

Value-added tax hikes have the strongest negative output effects among taxes. The reason is that 
while in all other scenarios fiscal tightening enables monetary policy to somewhat offset the negative 
effects, this does not hold here as the monetary authority tightens in response to the hike in inflation. This 
behavior is not as straightforward: at a first glance, as monetary policy targets net inflation14

The negative effect of the VAT hike is reinforced by the behavior of demand for imports and 
exchange rate that should be taken into consideration, given that Hungary is a small, open economy (and 
that imports are mostly considered as a production input). Both work in the direction of lower multipliers, 
with lower short-run output consequences of a fiscal tightening: import demand drops (mitigating the 
response of GDP) and the accompanying easing of monetary policy depreciates the domestic currency 
which pushes up the volume of exports and lowers the volume of imports. This latter effect is not present 
in the case of value-added tax hikes (as monetary policy targets inflation net of value added taxes), which 
can also explain why value-added tax hikes have stronger output effects than income tax or social security 
contribution hikes. 

, one would 
not expect monetary reaction. However, as there is an adaptive learning scheme for “perceived inflation”, 
trend inflation rises and monetary policy tries to counteract the rise in inflation perception, that is, it tries to 
maintain its credibility by increasing the nominal interest rate.  

A reduction of (targeted) transfers has a quite high multiplier as rule-of-thumb households consume 
less in the short run. However, this effect fades away at a relatively fast pace, as the increase in 
consumption of Ricardian households at least partly offsets the drop in the other group’s consumption. 
Except for the reduction in government purchases of goods, private consumption drops (even in the long 
run). 

                                                      
14.  One can argue that monetary policy might rather respond to gross inflation. This case is considered in more 

detail below. 
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The response of investment depends on several factors. Labour tax hikes cause labour to be more 
expensive than capital, giving rise to a substitution effect and investment increases. On the other hand, 
lower future growth prospects lead to lower demand for capital. We find that in labour tax-based 
consolidations the latter effect dominates and investments drop. While for the case of expenditure-based 
consolidations (cuts in government purchases or financial transfers) monetary policy reacts by lowering the 
interest rate and, since prices are sticky, the real interest rate also drops which gives an impetus to 
investments. For value-added tax hikes, the real interest rate also declines as monetary policy targets net 
inflation, and thus investments increase. 

Exports also benefit from the corresponding monetary easing which causes a real depreciation of the 
currency. Monetary easing is not present for value-added tax hikes, but in this case another mechanism is 
in place. As the value-added tax on exports is paid abroad, higher taxes on domestic good purchases 
implies a shift from the domestic sector to the export-oriented one. Thus, a tax hike works as a “subsidy” to 
exports. As Hungary’s exports are close to 100% of GDP, this sectoral effect is very strong and 
investments in this sector are enhanced after a rise in value-added taxes. 

One can observe that partially credible fiscal consolidation has more pronounced negative 
consequences for output, especially in the case of a reduction in transfers, government purchases and 
value-added tax rises. A less credible permanent fiscal retrenchment implies a lower intensity of 
Ricardian behaviour, making the expectation channel weaker. However, in the case of income tax and 
social security contribution hikes, these channels do not affect the numerical results significantly. The 
reason is that the estimated persistence of these types of shocks is relatively high. Thus, once there is a tax 
hike agents anticipate that the bulk of it will persist in the next period, so the “surprise effect” under a 
partially credible scenario has less importance. Fully anticipated and partially anticipated scenarios will not 
differ too much as the partially credible scenario is associated with relatively persistent rises in labour 
taxes. 

Summing up, the baseline model captures some, but not all potential non-Keynesian effects of fiscal 
consolidations. Namely, the expectation channel of agents’ expectation on lower taxes is captured. The 
baseline scenario shows however, that credible fiscal consolidations have less detrimental effect on output 
in the short to medium run. The crowding in effects from lower supply of public goods (as a result of 
reduction in government purchases) and the potential gains in efficiency from wage cuts in the public 
sector are not present in this scenario. The effects from a reduction in the real interest rate premium and the 
balance sheet effects from currency appreciation are also missing, but we are able to model them and the 
next two sections elaborate on these topics. 

Interest rate premium channel 

As a next step we depart from the baseline model and analyse the additional role of changes in the 
interest rate premium in generating non-Keynesian effects. Although there is a link between indebtedness 
and interest rates even in the baseline model, it works only through the supply of capital from abroad. All 
else equal, lower indebtedness of the country implies an appreciating pressure on the currency through the 
modified uncovered interest rate parity (UIP) condition15

                                                      
15.  A modified UIP denotes a UIP condition with a risk premium dependant on the net foreign asset position. 

. This enables the monetary authority to lower 
nominal (and real) interest rates somewhat, which gives some minor impetus to growth. However, this 
effect might be very non-linear and thus can be hardly detected in short time-series data, and thus the 
elasticity of indebtedness on the interest rate is calibrated at a small value. In our view, however, this effect 
can be strong in certain circumstances. The next simulations show that when inserting a relatively modest 
effect of public indebtedness term in the equilibrium real interest rate determination, this can change our 
previous assessment of the magnitude of non-Keynesian effects. For this purpose, we let the equilibrium 
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real interest rate be sensitive to public debt. We calibrate the semi-elasticity of the equilibrium real interest 
rate on the debt-to-GDP ratio to be at the lower end of what is usually found in empirical literature. A one 
percentage point reduction in public debt causes a cut in the annualised real interest rate by five basis 
points. 

A prolonged fiscal adjustment lowers the budget deficit by around 1% of initial GDP over a long 
period for all types of instrument. This means that the debt is lowered by a significant amount during these 
exercises. Lower equilibrium real interest rates make future consumption in exchange of current 
consumption more expensive (the slope of the curve derived from the Euler-equation is less steep), current 
savings drop and consumption rises. A lower equilibrium real interest rate enables investment until a 
higher level of capital is reached which has a lower marginal product. As investment is costly to adjust, a 
higher future capital leads to higher investment over a prolonged period. All these factors make the fiscal 
multipliers lower, i.e. the shrinking of GDP following a fiscal stabilisation becomes less likely. 

Table 4 and the solid lines in the charts in the Annex show that, when inserting the interest rate 
premium channel into the benchmark model, the drop in output is significantly less pronounced in the 
longer run. Apart from the very strong direct multiplier effect due to government spending being directly 
accounted to GDP in the national accounts, and the dominantly Keynesian effects of cuts in transfers, the 
fall in output is smaller even in the short run. Interestingly, for fully credible fiscal consolidations, 
non-Keynesian effects may arise for labour tax hikes.16

To conclude from this exercise, when fiscal consolidations in Hungary lead to lower equilibrium real 
interest rates, fiscal policy may become non-Keynesian, and this holds especially when the government can 
credibly announce that fiscal austerity is permanent. 

  

Foreign currency denominated debt 

We further enrich our model with another element. As borrowing in foreign currency by households is 
a serious issue in Hungary, we develop a version of the model where some (very stylised) balance-sheet 
effects are captured. Since in this model Ricardian households can smooth their consumption and have 
access to capital markets, balance-sheet effects are limited to the rule-of-thumb agents (non-Ricardian 
households). We modify the budget constraint for this group (equation 10), such that their consumption 
equals their net labour income minus the interest rate payments out of the privately held debt (which is the 
total net foreign asset position minus public debt17

                                                      
16.  Because government consumption adds to value-added in the system of national accounts, reduction in 

government consumption has a very strong direct effect statistically (this is the “gross multiplier”). However, 
the “net multiplier” (which is defined as the gross multiplier minus one) measures the additional effect of 
government action on activity. In this sense the net multiplier of government purchases in our model is 
negative, meaning that a reduction in demand for otherwise “useless” public goods crowds in the demand for 
more “useful” private goods. 

) and they also need to partly pay the effects of nominal 
exchange rate changes on their debt. We assume an average loan of 20 quarters (5 years), so a 1% 
depreciation of the currency leads to a half of a tenth of a per cent increase in their quarterly instalments 
and thus their real disposable income is lower by this amount. For simplicity, we assumed that the share of 
foreign exchange (FX) loans held by rule-of-thumb consumers is the same as their share in total aggregate 
consumption. The government also benefits from the exchange rate appreciation as it also borrows in 
foreign currencies. We took the 2010 value of 30% share of government debt held in foreign currency and 
the duration of government FX debt is also calibrated to be five years. 

17.  One natural drawback of our model is that firms are owned by domestic Ricardian households. In a more 
realistic setup with foreign ownership and a separate corporate sector with balance sheet (cash-flow) effects, 
non-Keynesian effects can even become stronger and our results might be biased downward. 
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Table 4. Effects of fiscal consolidations on output in the model with interest rate premium channel  

Percentage point deviations from the steady state 

 Reduction in Increase in 

Years Government 
consumption 

Transfers Personal 
income tax 

Social security 
contribution 

Value-added tax 

Fully credible 

1 -0.14 -0.10 0.13 0.09 -0.05 
2 -0.06 0.00 0.04 -0.04 -0.17 
3 -0.11 -0.01 -0.05 -0.11 -0.03 
4 -0.13 -0.01 -0.07 -0.11 -0.04 

Partially credible 

1 -0.56 -0.45 -0.06 0.04 -0.34 
2 -0.33 -0.27 -0.03 -0.07 -0.22 
3 -0.20 -0.15 -0.04 -0.11 -0.07 
4 -0.18 -0.13 -0.05 -0.10 -0.08 

Note: Shaded area: non-Keynesian (expansionary) effects of fiscal tightening. 

Comparing Table 4 and Table 5, one can clearly observe that non-Keynesian effects become stronger 
in this case. The major channel is that as public debt shrinks, real equilibrium interest rate drops, and given 
the interest rate smoothing of the central bank the growing difference between foreign and domestic real 
interest rates causes a real appreciation of the currency (if the exchange rate regime is a floating one). This 
effect is also present in the previous scenario and through lower net exports it worked against 
non-Keynesian effects. On the other hand, in this scenario real appreciation not only has an “expenditure 
switching effect”18

An interesting feature is that while consumption is higher compared to the scenario with the interest 
rate premium channel, investments are generally lower. In the case of credible fiscal consolidation private 
investments drop in most cases. As non-Keynesian effects are more likely in the case of FX channels, 
inflation pressures emerge due to the increase in aggregate demand. Monetary policy then tightens and this 
has a dampening effect on investment. In the case of partially credible consolidation this does not happen, 
as non-Keynesian balance sheet effects resulting from appreciation are less likely. 

, but also causes a strong gain in real disposable income for rule-of-thumb agents. As 
rule-of-thumb agents’ response is taken into account in the behaviour of Ricardian households (they are 
aware of this balance-sheet effect), the increase in non-Ricardian households’ consumption is slightly 
counterbalanced by the consumption-smoothing behaviour of the Ricardians. 

The relatively large balance-sheet effects on the consumption of non-Ricardians outweigh the modest 
increase or even a drop in investment and finally economic activity is higher, most notably in the case of 
credible consolidation. 

  

                                                      
18.  The “expenditure switching effect” works as imports become cheaper and exports become less competitive, 

thus leading to a worsening in the trade balance. 
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Table 5. Effects of fiscal consolidations on output in the model with interest rate premium and FX loan 
channels  

Percentage point deviations from the steady state 

 Reduction in Increase in 

Years Government 
consumption 

Transfers Personal  
income tax 

Social security 
contribution 

Value-added tax 

Fully credible 

1 0.18 0.14 0.29 0.17 0.22 
2 0.01 0.06 0.06 -0.04 0.03 
3 -0.21 -0.08 -0.11 -0.14 -0.12 
4 -0.27 -0.11 -0.16 -0.14 -0.15 

Partially credible 

1 -0.48 -0.39 0.00 0.10 -0.27 
2 -0.29 -0.24 -0.03 -0.06 -0.19 
3 -0.23 -0.16 -0.07 -0.14 -0.13 
4 -0.23 -0.16 -0.09 -0.14 -0.13 

Note: Shaded area: non-Keynesian (expansionary) effects of fiscal tightening. 

Putting together the endogenous response of equilibrium real interest rate and the balance sheet 
effects resulting from a high level of indebtedness in foreign currency, these together make credible fiscal 
consolidation expansionary, at least in the short run. In the case of partial credibility the exchange rate 
strengthening is less pronounced and even though short term multipliers decrease somewhat, the presence 
of FX loans is not always enough to generate an expansionary fiscal consolidation. 

The role of the exchange rate regime 

As a third extension of the baseline model we analyse the role of the exchange rate regime. So far, the 
central bank followed an inflation targeting framework, but now we depart from this assumption and fix 
the nominal exchange rate. Usually, fiscal policy in a fixed exchange rate regime is found to be more 
effective than in a floating one, also in DSGE models. In other words, without having the necessary tools 
monetary policy cannot counteract the effects of fiscal policies making multipliers larger (as in 
Corsetti et al., 2009). 

The same applies in our model as shown on Table 6. When we allow for an endogenous real interest 
rate premium, the short-run boost to consumption is less pronounced. The reason is that as the nominal 
exchange rate is fixed and prices are sticky, the increase in the real disposable income is more gradual. On 
the other hand, a slower real appreciation generates a somewhat bigger contribution of net exports to 
growth. Altogether, the expansionary effects of fiscal stabilisation are a bit stronger assuming that it is 
fully credible. The opposite holds in the case of partially credible stabilisations. A fixed exchange rate 
regime does not help too much in enhancing expansionary fiscal consolidation in this case. 
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Table 6. Effects of fiscal consolidations on output in the model with interest rate premium and FX loan 
channels under fixed exchange rate regime  

Percentage point deviations from the steady state 

 Reduction in Increase in 

Years Government 
consumption 

Transfers Personal 
income tax 

Social security 
contribution 

Value-added tax 

Fully credible 

1 0.20 0.15 0.31 0.19 0.24 
2 0.10 0.11 0.15 0.02 0.10 
3 -0.22 -0.09 -0.13 -0.16 -0.13 
4 -0.30 -0.13 -0.18 -0.16 -0.17 

Partially credible 

1 -0.48 -0.39 0.00 0.11 -0.27 
2 -0.27 -0.22 -0.01 -0.03 -0.18 
3 -0.14 -0.09 -0.07 -0.17 -0.08 
4 -0.16 -0.10 -0.10 -0.17 -0.08 

Note: Shaded area: non-Keynesian (expansionary) effects of fiscal tightening. 

Alternative monetary policy rules 

We observed that in the short run non-Keynesian effects might dominate when the FX loan balance 
sheet channel and the interest rate premium channel are added to the benchmark model. The former effect 
is dependent on how the nominal exchange rate behaves. The nominal exchange rate in this model is 
largely determined by the monetary policy reaction function. Thus it is interesting to analyse the influence 
of alternative monetary policy rules. 

Table 7 presents a scenario when monetary policy also takes into account the temporary rise in 
inflation due to value added tax hikes (contrary to the original rule, where monetary policy reacted to 
inflation net of value added taxes). This occurs when the central bank tries to avoid that such tax hikes feed 
into inflationary expectations and tries to prevent a situation when a one-off price increase leads to more 
persistent inflation dynamics. According to our results, this possibility also dampens the likelihood of 
non-Keynesian effects. The rise in output is smaller for value added tax hikes when gross inflation is 
targeted. This suggests that non-Keynesian effects of fiscal consolidation in Hungary are more likely when 
inflation expectations are well anchored and there is no need for the monetary policy to respond to a 
temporary shock to inflation (such as a VAT increase). 
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Table 7. Effects of fiscal consolidations on output in the model with interest rate premium and FX loan 
channels with gross inflation in the monetary policy reaction  

Percentage point deviations from the steady state 

 Reduction in Increase in 

Years Government 
consumption 

Transfers Personal 
income tax 

Social security 
contribution 

Value-added tax 

Fully credible 

1 0.18 0.14 0.29 0.17 0.14 
2 0.01 0.06 0.06 -0.04 -0.11 
3 -0.21 -0.08 -0.11 -0.14 -0.10 
4 -0.27 -0.11 -0.16 -0.14 -0.14 

Partially credible 

1 -0.48 -0.39 0.00 0.10 -0.33 
2 -0.29 -0.24 -0.03 -0.06 -0.22 
3 -0.23 -0.16 -0.07 -0.14 -0.10 
4 -0.23 -0.16 -0.09 -0.14 -0.12 

Note: Shaded area: non-Keynesian (expansionary) effects of fiscal tightening. 

Conclusion 

This paper examines the macroeconomic effects of various fiscal consolidation policies in an 
estimated open-economy DSGE model of the Hungarian economy. It identifies the possible non-Keynesian 
channels through which a fiscal consolidation may manifest, along with the specific features of the 
Hungarian economy that can facilitate the appearance of growth-enhancing effects of consolidation. 

Simulations show that fiscal consolidation policies are typically contractionary in a standard 
New Keynesian DSGE model. Although non-Keynesian channels are present, the Keynesian channels 
dominate. However, taking into account the specific features of the Hungarian economy, expansionary 
effects may arise. These effects may be present if the interest risk premium reacts to the reduction of the 
debt level, and if the high level of indebtedness in foreign currency generates favorable balance-sheet 
effects for households and the government through the appreciation of the currency. 

The credibility of the consolidation policy is key to achieving positive output effects. A non-credible 
consolidation is unlikely to generate positive effects, regardless of the assumptions regarding the specific 
features of the economy, and regardless of the composition of a consolidation package. 
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ANNEX 

Perfectly credible fiscal consolidation 

Gross Domestic Product 

Percentage point deviation from the steady state 
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Private consumption 

Percentage point deviation from the steady state 
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Private investment 

Percentage point deviation from the steady state 
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Inflation 

Percentage point deviation from the steady state 
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Budget balance 

Percentage point deviation from steady-state GDP 
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Government debt 

Percentage point deviation from steady-state GDP 
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Nominal short-term interest rate 

Percentage point deviation from the steady state 
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Nominal exchange rate 

Percentage point deviation from the steady state* 

 

* A positive number indicates currency depreciation. 
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Partially credible fiscal consolidation 

Gross Domestic Product 

Percentage point deviation from the steady state 
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Private consumption 

Percentage point deviation from the steady state 
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Private investment 

Percentage point deviation from the steady state 
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Inflation 

Percentage point deviation from the steady state 

 

-0.16

-0.14

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarters

Government consumption

-0.12

-0.10

-0.08

-0.06

-0.04

-0.02

0.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarters

Transfers

-0.020

-0.015

-0.010

-0.005

0.000

0.005

0.010

0.015

0.020

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarters

Personal income tax

-0.01

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarters

Social security

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Quarters

Value-added tax
Interest rate premium and FX loans
Baseline model
Interest rate premium



 ECO/WKP(2012)22 

 45 

Budget balance 

Percentage point deviation from steady-state GDP 
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Government debt 

Percentage point deviation from steady-state GDP 
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Nominal short-term interest rate 

Percentage point deviation from the steady state 
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Nominal exchange rate 

Percentage point deviation from the steady state* 

 

* A positive number indicates currency depreciation. 
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