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1 Introduction

The global financial crisis and slow ensuing recovery have put severe strains on the fiscal

positions of many industrial countries, and especially many peripheral economies in the

euro area. Between 2007 and 2014, debt/GDP ratios climbed considerably in many euro

area countries, including the peripheral countries shown in Figure 1 where debt rose with

61 percent of GDP in Spain and as much as 74 percent of GDP in Greece. Mounting

concern about high and rising debt levels, especially in the wake of the run-up in borrowing

costs, spurred efforts to implement sizable fiscal consolidation plans. So far, many of the

fiscal consolidation plans that have received legislative approval in the peripheral euro area

economies appear to have shared broadly similar features —they have typically been fairly

front-loaded and more oriented towards spending cuts than tax-hikes, see IMF (2012) and

European Commission (2014).

However, despite significant consolidation efforts, the debt ratios in all of the peripheral

economies have not improved much as can be seen in Figure 1, although deflation as been

avoided with the exception of Greece as can be seen from the lower left panel in Figure 1.

The only exception is Ireland, where the debt-ratio has fallen almost 13 percentage points

from 2012 to 2014 mainly due to a snapback in economic activity as shown in the right upper

panel in Figure 1. In all the other countries, output performance have subpar to its peers

and debt has continued to rise or been roughly unchanged. Hence, the evolution of debt and

output during this period does not seem to support the popular policy recipe —prominently

advocated by Alesina and Ardagna (2010), Alesina and Perotti (1995, 1997) and Giavazzi

and Pagano (1990) —that large spending-based fiscal consolidations have expansionary effects

on the economy. Ireland may offer a counterexample, but the evolution of the unit labour

cost in the lower right panel in Figure 1 suggests that the favorable performance of Ireland

may partly be due to an internal devaluation as opposed to harvesting expansionary effects

of its fiscal consolidation.

In this paper, we seek to analyze the impact that imperfect commitment to follow through

on the announced consolidation efforts has on the output cost of fiscal austerity and their

effectiveness to reduce debt-ratios in the short- and medium term. Given the sizeable con-
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solidation plans, we believe that economic actors —both households and investors —may

have had considerable doubts about the ability of politicians to follow through on the im-

plementation of them, and we seek to understand how these doubts may have affected their

effi ciency. Our paper makes a purely positive examination of this issue by, first, making an

assessment if imperfect credibility seems empirically important, and second, by investigat-

ing how the economic impact of expenditure-based consolidation depends on the degree of

credibility that the spending cut will be permanent and not transient.

To examine the first issue, we decompose data on government spending (as share of trend

output) into permanent and temporary component for a selected set of peripheral euro area

economies.1 Our simple decomposition supports the notion that credibility is imperfect for

some of these economies; in particular, we find that credibility for permanent spending cuts

is impaired for Greece.

Given this finding, we attack the second issue, which is to quantify the economic impact

of imperfect fiscal credibility in two variants of a dynamic stochastic general equilibrium

(DSGE henceforth) model of an open economy. We start out our analysis using the analyt-

ically tractable benchmark model of Clarida, Galí, and Gertler (2001), and then check the

robustness of our findings in a fully-fledged workhorse open economy model used by Erceg

and Lindé (2010, 2013). This model features “rule of thumb” households who consume

all of their after-tax income as in Erceg, Guerrieri, and Gust (2006) as ample micro and

macro evidence suggests that such non-Ricardian consumption behavior is a key transmis-

sion channel for fiscal policy.2 On other dimensions, this model is a relatively standard two

country open economy model with endogenous capital formation which embeds the nominal

and real frictions that have been identified as empirically important in the closed economy

models of Christiano, Eichenbaum, and Evans (2005) and Smets and Wouters (2003), as well

as analogous frictions relevant in an open economy framework (such as costs of adjusting

trade flows). Given the importance of financial frictions as an amplification mechanism —

1 For a point of comparison of our procedure, we also perform the decomposition for Germany and the
United States.

2 Using micro data from the Consumer Expenditure Survey, Johnson et al (2006) and Parker et al. (2011)
find evidence of a substantial response of U.S. household spending to the temporary tax rebates of 2001 and
2008. On the macro side, Galí, López-Salio and Vallés (2007) present evidence from structural VARs that
government spending shocks tend to boost private consumption, and show how the inclusion of rule-of-thumb
agents in their DSGE model helps it account for this behavior. Blanchard and Perotti (2002) and Monacelli
and Perotti (2008) obtain similar empirical findings.
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as highlighted by the recent work of Christiano, Motto and Rostagno (2010) —the model

also incorporates a financial sector following the basic approach of Bernanke, Gertler, and

Gilchrist (1999).

To begin with, we assume that the consolidating economy has the means to pursue inde-

pendent monetary policy (IMP henceforth), here defined as the ability for the central bank

to tailor nominal interest rates (and hence the exchange rate) to stabilize inflation around

target and output around its effi cient level. After considering IMP as a useful reference point,

we move on to the benchmark case in which the consolidating economy is a small member of

a currency union (CU henceforth), without the means to exert any meaningful influence on

currency union policy rates and its nominal exchange rate. The latter case, we believe, is the

most interesting one given the prevailing situation for many European peripheral economies.

Our main findings are as follows. First, under IMP, the adverse impact of limited cred-

ibility is relatively small, and consolidation can still be expected to reduce government debt

at a relatively low output cost given that monetary policy provides more accommodation

that it would have to do under perfect credibility. Second, the lack of monetary accommod-

ation under CU membership implies that the output cost can be significantly larger under

imperfect credibility, suggesting that progress to reduce government debt in the short- and

medium-term is limited when the consolidation is implemented quickly. For a small CU

member, a gradual approach to consolidation plan has the dual benefit of mitigating the

need for monetary accommodation and building credibility for the cuts to be permanent

more quickly. While the benefit of acting gradually due to the less need of monetary accom-

modation have been pointed out previously by Corsetti, Meier and Müller (2012) and Erceg

and Lindé (2013), we show that imperfect credibility is an additional argument why it may

be advantageous to proceed in a gradual fashion.

After having established these preliminary results in the stylized model, we move to a

more serious quantitative analysis in the fully-fledged model of Erceg and Lindé (2013),

in which we allow for interest rates spreads in the periphery to respond endogenously to

the path of expected debt and deficits. In this model, we first show the basic findings

in the stylized model holds up surprisingly well. Next, we move on to show that a fiscal

consolidation may in fact be expansionary if the government enjoys a suffi ciently high degree
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of credibility. Even so, the favorable results under endogenous spreads are sensitive to

the implementation of the consolidation. In particular, if the government pursues a too

ambitious spending-based consolidation program that seeks to reduce the debt-ratio even

in the short-run through aggressive spending cuts, they run the risk of chasing their own

tail and withdraw too much demand in the economy which may have a counter-productive

impact on the debt-ratio in the short- and medium-term. Thus, our model results suggest

that the aggressive austerity measures implemented in many peripheral economies and most

prominently in Greece were most likely not expansionary, consistent with the conclusions in

Bi, Leeper and Leith (2013). Thus, echoing the benefits of acting gradually in the stylized

model, a more effective route for the government to reduce debt quickly at low output

cost in the fully-fledged model is to implement permanent spending-cuts gradually and be

patient until private demand is crowded in, tax revenues rise, and debt starts falling. An

empirical paper of Born et al. (2014) provides estimates of a panel VAR on a dataset of

26 emerging and advanced economies regarding the interaction of fiscal consolidation and

interest rate spreads. Consistent with the findings in our workhorse model, it shows that a

cut in government consumption that is perceived to be temporary can induce a short-term

rise in spreads, whereas spreads fall following a permanent spending cut.

Perhaps somewhat surprisingly, relatively few papers have analyzed the role imperfect

credibility might play for shaping the effects of fiscal consolidations in a DSGE framework.

An exception is Bi, Leeper and Leith (2013) who explores the macroeconomic consequences of

fiscal consolidations whose timing and composition (tax vs. spending) are uncertain. They

argue that the conditions that could render fiscal consolidation efforts expansionary are

unlikely to apply in the current economic environment. Some prominent policy institutions

have also analyzed this issue. First, Clinton et al. (2011) show with the GIMF model that

credibility plays a crucial role in determining the size of output losses, by analyzing sensitivity

of these losses to the length of an initial period without any credibility. Focusing on spillover

issues, in’t Veld (2013) uses as a benchmark scenario a multi-year consolidation with gradual

learning, i.e. where austerity measures are considered as temporary in a learning period and

are expected to be permanent only after this learning period. He shows that, in the short-

run, output losses would be considerably smaller if consolidations gains credibility earlier.
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Simulations of consolidations with ECB’s NAWM model also deliver larger multipliers in

the case of “imperfect credibility”(modeled in the same way with a learning period where

fiscal shocks are initially perceived as temporary, see Box 6 of ECB, 2012). A key difference

between our approach and the one adopted by these papers is that the degree of credibility

in our setup is endogenous as it depends on the path of government spending and is not

assumed exogenously given for a fixed number of quarters.

The reminder of the paper is organized as follows. The next section assess the empirical

relevance of imperfect credibility. Section 3 presents the simple benchmark model, discusses

its calibration, and examines the role imperfect credibility plays in this stylized model under

monetary independence and currency union membership. In Section 4, we then examine the

robustness of the results for the stylized model in the large-scale model with hand-to-mouth

households and financial frictions. Finally, Section 5 concludes.

2 An Empirical Assessment of Credibility

In this section, we attempt to decompose government spending into permanent and tem-

porary components. This empirical study will be useful assessing the influence of imperfect

credibility. Indeed, as we will show in quantitative simulations of the paper, the larger is

the weight of the permanent component, relative to the temporary one, the easier it is to

extract this permanent component and the faster a permanent consolidation of government

spending will become fully credible.

Here, we focus on countries of the euro area periphery: Ireland, Italy, Portugal, Spain

and Greece. We also add Germany and the United States as benchmarks. To do this ana-

lysis, we use OECD national accounts quarterly series for “Government final consumption

expenditures”and GDP in constant prices over the period 1980Q1-2008Q4. Then, we meas-

ure government spending as a ratio of government consumption over (lagged) trend output,

as in Gali et al (2007).3 We believe 1980 is a good starting point, because the 1960s and

1970s was a period characterized by an expanding welfare state in many European countries,

3 We compute trend output by using a HP filter with a smoothing parameter λ = 1600. We have also
examined that our results are robust when setting the smoothness parameter to 6400, which is the upper
value of λ proposed in Hodrick and Prescott (1997). A higher λ provides a smoother output trend series.
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which obviously had nothing to do with consolidations. The estimation sample ends 2008Q4,

in order to avoid to get results influenced by the specific evolution of government spending

after the financial crisis. The data we use in the estimations are plotted in Figure 2 (blue

solid line).

The starting point in our empirical analysis is that total government spending (as share of

lagged trend output), gt, is the sum of a permanent (g
perm
t ) and a transient (gtempt ) component,

which are assumed to be given by the following processes:

gt − ḡ = (gpermt − ḡ) + gtempt , (1)

∆ (gpermt − ḡ) = ρperm1 ∆
(
gpermt−1 − ḡ

)
− ρperm2 (gpermt−1 − ḡ) +

1

gy
εpermt , (2)

gtempt = ρtempgtempt−1 +
1

gy
εtempt , (3)

where the standard errors of the shocks εpermt and εtempt are given by σperm and σtemp,

respectively. By assuming that the permanent component follows an AR(2)-process with

positive persistence in growth rates (ρperm1 > 0) and slow mean reversion back to steady

state ḡ (ρperm2 is assumed to be very small), we ensure that the permanent component in

equation (2) will be a smooth process. The temporary component, shown in equation (3) ,

on the other hand, is assumed to be a simple AR(1) process and may hence be characterized

by transient fluctuations when ρtemp is relatively small and σtemp is high.

We estimate the parameters in eqs. (2)-(3) by likelihood based methods, but since some

of the parameters are weakly identified as we only match one time series (gt), we impose

strict priors for some of the parameters. To begin with, we assume that ρperm1 = 0.9, and

ρperm2 = 0.005.4 As discussed previously, this ensures that the permanent component is fairly

smooth. We also assume that ρtemp = 0.8. This value is reasonable because it enables our

estimated model, which features both permanent and transient shocks according to eq. (1),

to reproduce the persistence of government spending shocks normally found in the business

cycle literature.5 Moreover, the data does not speak much against our chosen values of ρperm1 ,

4 For Portugal, however, we set ρperm1 = 0.7 and use an SNR-ratio estimated on annual data to obtain
convergence in the estimation on quarterly data. This estimation problem for Portugal at the quarterly
frequency seems to be related to the smoothness of this time series within each year, perhaps due to quarterly
interpolation procedures used by Portuguese national accounts.

5 In the business cycle literature (see e.g. Christiano and Eichenbaum, 1992) the persistence of government
spending shocks —often defined as the first-order autocorrelation coeffi cient of linearly detrended government
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ρperm2 and ρtemp: conditional of ρperm2 = 0.005, varying ρperm1 and ρtemp between 0.6 and 0.95

only results in a significant difference in the likelihood relative to our chosen parameterization

for Spain according to a simple Likelihood ratio test at the 5-percent level.6 Consequently, we

believe that our choice of parameters is reasonable from an economic viewpoint, and generally

supported by data. Even so, we acknowledge that the exact details of the estimation results

are somewhat sensitive to these choices, but want to stress that the overall message is not

much affected, as discussed in further detail below.

Table 1: Estimated standard deviations of shocks for government spending process.
Country

Parameter Ireland Italy Portugal Spain Greece Germany United States
σperm 0.118 0.031 0.018 0.035 0.019 0.026 0.040
σtemp 0.184 0.127 0.119 0.141 0.260 0.157 0.129
SNR 0.645 0.247 0.150 0.246 0.072 0.164 0.314

Note: The estimates reported are conditional on ρperm1 = 0.9, ρperm2 = 0.005 and ρtemp = 0.8. For Portugal
we use ρperm1 = 0.7. The SNR is defined in equation (4).

In Table 1, we report the estimation results in terms of standard deviations for the

permanent and transient shocks, and the implied signal to noise ratio of innovations, SNR

henceforth, defined as

SNR =
σperm
σtemp

. (4)

As can be seen from the table, Greece has the lowest signal to noise ratio of .07. The SNR

for the other countries ranges from .15 (Portugal) to .65 (Ireland). United States obtains

a reasonably high SNR of .31. The finding that Greece has the lowest SNR is perhaps not

too surprising. More surprising is perhaps the fact that Germany has the third-lowest SNR

and that Ireland is most credible according to this metric. To get a better grasp of the

spending —ranges around 0.95 for the United States. By simulating 5, 000 artificial samples of the government
spending ratio with the same length as in the data from our state-space model as well as a trend output from
a random walk with drift model, recovering for each draw the log of government spending, linearly detrending
this series and estimating the corresponding moment, we find that that the median correlation for the various
countries are well in line with this evidence. More specifically, we find median persistence coeffi cients of 0.99,
0.97, 0.93, 0.97, 0.86, and 0.94 for Ireland, Italy, Portugal, Spain, Greece and Germany, respectively, while
observed persistences obtained by linearly detrending the log of oberved government spending are 0.99, 0.98,
0.99, 0.97, 0.98, and 0.98. If we also compute ranges with 2.5% and 97.5% quantiles of distributions of
persistence estimates, we find that observed persistences are always within these ranges, except for Greece
and Portugal, where observed persistences (resp. 0.98 and 0.99) are slightly higher than their upper bounds
(resp. 0.95 and 0.98).

6 Given our grid, the maximum likelihood estimates of ρperm1 and ρtemp equal 0.6 and 0.75 for Spain.
Because of convergence problems of the estimation algorithm on a subregion of the space defined by these
ranges, Portugal was excluded from this exercise.
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mechanisms at work, Figure 2 shows the two-sided smoothed permanent component along

with the actual gt series.

From Figure 2, we see that Ireland is characterized by very persistent movements in gt

during the sample period. Thus, according to our simple, yet straightforward, assumptions

about the permanent and transient components, Ireland is estimated to have a relatively

high variance of the permanent component, and thus a relatively high SNR. Germany, on

the other hand, which does not have a low-frequency drift its series, will have relatively more

mass in the transient component and thus a lower SNR. Because we do not think a country

(like Germany) who manages to keep its spending ratio roughly constant for a considerable

period should necessarily be plagued by imperfect credibility if they indeed attempted to

reduce their spending ratio, we believe this finding underscores possible limitations with our

method, which is statistical in nature and does not take intangibles like the political decision

process into consideration.7

Despite these shortcomings of our simple method, we believe it is suffi ciently robust to

point out that Greece is special: As can be seen from Figure 2, the Greek spending series

has more high-frequency movements than the German series and displays little signs of an

upward or downward trend. Hence, it seems totally reasonable that our method classifies the

country to have a low SNR. Moreover, that Greece has the lowest SNR is a robust finding

in our estimations and is not sensitive to the strict priors we adopt for ρperm1 , ρperm2 and

ρtemp. When we vary these parameters within reasonable bounds, Greece comes out with

the lowest SNR in 92 percent of the draws. If anything, the smoothed permanent component

in Figure 2 may be too fast-moving for all countries, and one could therefore make a case

that the SNRs are even lower than those reported in Table 1.

In the following, we use the results for Spain − which are in the mid-range of the SNR-

ratios − in our model simulations. This should give us reasonable assessment of how import-

ant credibility issues may be. Nevertheless, we acknowledge that our empirical results should

be taken with a grain of salt and that more work on refining and examining the robustness

of our findings with alternative empirical strategies would be of interest.8

7 For instance, it cannot deal with the impact of the German reunification, which is likely to have exerted
an upward pull on government expenditures in Germany.

8 Following the approach in Erceg and Levin (2003), one such strategy would be to estimate the signal-
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3 Imperfect Credibility in a Stylized Small Open Eco-

nomy Model

We start our model in a simple stylized DSGEmodel. In Section 4 we examine the robustness

of our results in a workhorse large scale model.

3.1 Model

Our stylized model is very similar to the small open economy model of Clarida, Galí, and

Gertler (2001). Households consume a domestic and foreign good that are imperfect substi-

tutes. The government, however, consumes only some of the domestic good. To rationalize

Calvo-style price rigidities, the domestic good is assumed to be a comprised of a continuum

of differentiated intermediate goods, each of which is produced by a monopolistically com-

petitive firm. The evolution of government debt is stabilized by varying lump-sum taxes, and

given that Ricardian equivalence holds in the model, how aggressively debt and deficits are

stabilized is irrelevant for aggregate quantities and prices. The home economy is small in the

sense that it does not influence any foreign variables, and financial markets are complete. To

save space, we present only the log linearized model in which all variables are expressed as

percent or percentage point deviations from their steady state levels, and we omit all foreign

variables.

Under an independent monetary policy, the key equations are given by:

xt = Etxt+1 − σ̂open(it−Etπt+1 − rpott ), (5)

πt = βEtπt+1 + κxxt, (6)

it = γππt + γxxt, (7)

noise ratio by minimizing the sum of squared deviations between observed data and one year-ahead expected
government spending and the corresponding inflation expectations implied by our state-space model using
forecasts from OECD economic outlooks. A disadvantage of such an approach is that it relies heavily on the
unbiasedness of the forecasts, which may be a too strong assumption.
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yt = σ̂openτ t + gygt + (1− gy)(1− ω)νcνt (8)

ypott =
1

φmcσ̂
open [gygt + (1− gy)(1− ω)νcνt] (9)

τ pott = − 1

σ̂open
(1− 1

φmcσ̂
open ) [gygt + (1− gy)(1− ω)νcνt] (10)

rpott = Etτ
pot
t+1 − τ

pot
t , (11)

where σ̂open = (1 − gy)[(1 − νc)(1 − ω)2σ + ω(2 − ω)εP ], φmc = χ
1−α+

1
σ̂open

+ α
1−α , and the

superscript ‘pot’denotes the level that would prevail under flexible prices.

As in Clarida et al, the first three equations represent the New Keynesian open economy

IS curve, Phillips Curve, and monetary rule, respectively, that jointly determine the output

gap (xt = yt − ypott ), price inflation (πt), and the nominal policy rate (it). Thus, the output

gap xt depends inversely on the deviation of the real interest rate (it−Etπt+1) from the

potential real interest rate rpott , with the sensitivity parameter σ̂
open varying positively with

the household’s intertemporal elasticity of substitution in consumption σ and substitution

elasticity εP between foreign and domestic goods (the relative weight on the latter rises with

trade openness ω). The Phillips curve slope κx in equation (6) is the product of parameters

determining the sensitivity of inflation to marginal cost κmc and of marginal cost to the

output gap φmc, i.e. κx = κmcφmc. From equation (9), a contraction in government spending

gt (gy is the government spending share of steady state output) or negative taste shock νt

(νc is a scaling parameter) reduces potential output y
pot
t . Even so, both of these exogenous

shocks, if negative, cause the the potential terms of trade τ pott to depreciate (a rise in τ pott in

equation 10) because they depress the marginal utility of consumption (noting φmcσ̂
open >

1). If both shocks follow stationary AR(1) processes, and hence have front-loaded effects, a

reduction in government spending or negative taste shock reduces rpott . Finally, the nominal

exchange rate et equals pt + τ t where pt = pt−1 + πt.

Given that the form of the equations determining output, inflation, and interest rates

is identical to that in a closed economy —as emphasized by Clarida et al — results from
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extensive closed economy analysis, e.g., Erceg and Lindé (2010a) are directly applicable for

assessing the impact of government spending shocks within this open economy framework.

We next consider how the model is modified for the CU case (largely following the

analysis of Corsetti et al., 2011). A CU member takes the nominal exchange rate as fixed,

so that the terms of trade τ t is simply the gap between home and foreign price levels, i.e.,

τ t = −(pt − p∗t ) = −pt.9 Moreover, the home economy is assumed to be small enough that

the policy rate is effectively exogenous. Given that equation (8) implies that the output gap

is proportional to the terms of trade gap, i.e.

xt = σ̂open(τ t − τ pott ), (12)

the price setting equation (6) may be expressed as a second order difference equation in the

terms of trade, yielding a solution of the form:

τ t = λτ t−1 + κxσ̂
open λ

1− βρλτ
pot
t , (13)

The persistence parameter λ = 0.5(a −
√
a2 − 4/β ), where a = ( 1

β
)(1 + β +κxσ̂

open), lies

between 0 and unity, and ρ is the persistence of the shocks (assumed to be described by

AR(1) processes for the moment being). Equation (13) has two important implications.

First, because λ > 0, a contraction in government spending —which raises τ pott by equation

(10) —moves τ t in the same direction, implying a depreciation. Together with equation

(8), this implies that the government spending multiplier mt is strictly less than unity, i.e.,

mt = 1
gy

dyt
dgt

= 1 + σ̂open

gy
dτ t
dτpott

dτpott

dgt
< 1 (recalling that dτpott

dgt
< 0). Second, as κxσ̂

open becomes

very small, λ rises toward unity and the coeffi cient on τ pott shrinks, implying very gradual

adjustment of the terms of trade to τ pott (and hence to a change in government spending);

conversely, the terms of trade adjustment is more rapid if κxσ̂
open is larger. In economic

terms, the terms of trade adjusts more quickly if the Phillips Curve slope is higher (high κx),

or if aggregate demand is relatively sensitive to the terms of trade (high σ̂open).

9 As the real exchange rate is proportional to τ t, we use the terms interchangeably.
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3.2 The Signal Extraction Problem

To allow for imperfect credibility, we make the standard assumption that agents in the eco-

nomy have to solve a signal extraction problem to filter out permanent (gpermt ) and transient

(gtempt ) spending components from observed overall government spending, gt. The processes

for these variables were specified in (1)−(3), and can be rewritten in the following state-space

form:
gt − ḡ = HZt

Zt = FZt−1 + 1
gy
Vt

(14)

where

Zt =
[
gpermt − ḡ gpermt−1 − ḡ gtempt

]′
, Vt =

[
εpermt 0 εtempt

]′ ∼ N(0, Q), (15)

F =

 1 + ρperm1 − ρperm2 −ρperm1 0
1 0 0
0 0 ρtemp

 , H =
[

1 0 1
]
, Q =

 σ2
perm 0 0
0 0 0
0 0 σ2

temp

 .
In the “Full credibility” case, private agents know the present and future path of the

permanent shock. In the “No credibility” case, they always believe that all shocks are

temporary, regardless of the spending path. In the “Imperfect credibility” case, they do

not observe the shocks directly, but they learn them through Kalman filtering. This is a

standard device used in the learning literature for modeling a learning process (Evans and

Honkapohja, 2001), because this algorithm is optimal for extracting a signal from a given

sample in real-time (Harvey, 1989).

In the “Imperfect credibility”case, we assume that agents compute recursively filtered

estimates Zt|t of unobserved components at date t (given information up to date t) and their

variance Pt|t through the following Kalman filter:

Zt|t = FZt−1|t−1 + Ltvt,

Pt|t = FPF ′ +Q−
(
FPt−1|t−1F

′ +Q
)
H ′h−1

t|t−1H
(
FPt−1|t−1F

′ +Q
)
, (16)

where the forecast error vt, its variance ht|t−1 and the gain Lt of the filter is computed with

the formulas:

vt = gt − ḡ −HFZt−1|t−1,

ht|t−1 = H
(
FPt−1|t−1F

′ +Q
)
H ′, (17)

Lt =
(
FPt−1|t−1F

′ +Q
)
H ′h−1

t|t−1.
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Within the stylized model of previous section (or the large-scale model of section 4),

we incorporate this signal extraction process by replacing the 3-dimensional true vector of

exogenous shocks Vt by the vector of shocks Ṽt = gy
(
Zt|t − FZt−1|t−1

)
= gyLt(gt − ḡ −

HFZt−1|t−1) that underlies the filtered estimates Zt|t.10

3.3 Calibration

For the calibration of the Phillips Curve parameter relating inflation to marginal cost, we

set κmc = 0.012, towards the low end of empirical estimates (see e.g. Altig et al., 2011, Galí

and Gertler, 1999, and Lindé, 2005). If factors were completely mobile, this calibration

would imply mean price contract durations of about 10 quarters, but —as emphasized by an

extensive literature (e.g., Altig et al., 2011 and Smets and Wouters, 2007) —the reduced form

slope could be regarded as consistent with much shorter contract durations under reasonable

assumptions about strategic complementarities. The net markup of firms, θp, is set to 10

percent (i.e. 0.1).

For other parameters, we adopt a standard quarterly calibration by setting the discount

factor β = 0.995, and steady state net inflation π = .005 so that i = .01. We set σ = 1

(log utility), the capital share α = 0.3, the Frisch elasticity of labor supply 1
χ

= 0.4, the

government spending share gy = 0.2, and the taste shock parameter νc = 0.01 (implying φmc

= χ
1−α+

1
σ̂open

+ α
1−α = 5.1). Steady state government spending is financed by labor income

taxes, τN , which equals 39 percent in the steady state given our other parameters. As

mentioned earlier, variations in gt around gy are financed by lump-sum taxes.

In the absence of CU membership, monetary policy completely stabilizes output and

inflation (achieved by making γπ (or γx) in eq. 7 arbitrarily large). We will refer to this as

IMP − independent monetary policy. Finally, the open economy parameters ω = 0.3, and

εp = 1.5.

For government spending, we will consider both front-loaded and gradual consolidations.

We start out by studying front-loaded consolidations that comes on line with full force

immediately. In this case, we assume actual spending follows an AR(1)-process with a

10 Notice that even if the true variance of the second state innovation is equal to 0, the second component
of Ṽt will differ from 0 when the permanent component follows an AR(2) process.
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very high persistence (0.999) and is reduced by 1 per cent as share of trend output. The

parameters in this case is taken from the estimations for Spain in Section 2 but sets ρperm1 =

0.11 Second, we study the consequences of the fiscal authority proceeding gradually, in which

case we simply use the estimated AR(2)-process for Spain but adjust the size of the initial

spending shock so that spending eventually declines reduced by 1 percent as share of trend

GDP. For the benchmark value ρperm1 = 0.9, it takes about 5 years before the consolidation

comes into full effect in this case.

3.4 Results

We now proceed to discuss the quantitative results in the stylized model. We first discuss

the reference case with independent monetary policy (Figure 3), and then turn to the case

where the consolidating economy is a small member of a currency union (Figures 4 and 5).

3.4.1 Independent Monetary Policy

Figures 3 provide the results under IMP for three alternative assumptions about credibility,

assuming that the actual and permanent spending path follows an AR(1) near unit root pro-

cess. The blue solid line shows results under perfect credibility: in this case the government

cuts spending aggressively with 1 percent of trend GDP today and everyone believes this

cut to be near permanent, as indicated by the solid black line in the bottom panels. The

dotted green line shows the “No credibility”case, in which agents in the economy in each

period think that spending will revert quickly back to baseline (0) with the root ρtemp = 0.8

as indicated by the thin red lines in the bottom left panel. This simulation follows in’t Veld

(2013) by assuming that agents never update their expectations regarding the persistence of

the cut although the government keeps actual spending at the same level as under perfect

credibility. Finally, the red dash-dotted red line shows the “Imperfect credibility”case, in

which agents solve the signal extraction problem outlined in Section 3.2 to filter out the

transient and permanent components of the spending cut in each period. Under learning

about the transient and permanent component, a well-known result in the AR(1)-case is that

11 As discussed briefly in Section 2, we decided to use results for Spain to have an intermediate case
between full and no credibility. Given the low estimated SNR for Greece, it will behave very closely to the
“No credibility”case in the short- and medium term.
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the filtered share of the permanent component in the first period will be

gperm0|0 =
σ2
perm

σ2
perm + σ2

temp

(18)

and the transient component will simply be 1 − gpermt|t . Given our estimates of σperm and

σtemp for the various countries reported in Table 1, it is clear that the filtered permanent

component will be quite low in the first period. With the estimates for Spain, gperm0|0 will be

a little below 5 per cent of the total cut.

Although the spending cut is very persistent, it will take over 5 years before the permanent

component exceeds the transient component as shown in the bottom right panel. Given our

calibration of the parameters in learning process, it will take as long as 10 years before the

permanent component equals 3/4 of the actual spending cut. Had we used the standard

errors for Greece in Table 1, the permanent component would only constituted about a third

of total cut after 10 years, so a Greek calibration of the “Imperfect credibility” case would

have very similar properties as the “No credibility”case in the short- and medium term.

With this in mind, we now discuss the economic consequences of the alternative assump-

tions on credibility. Within the context of the simple model, the nominal exchange rate and

thus the terms of trade, τ t, depreciates considerably on impact as shown in the next-to-top

right panel in the figure. This result can be shown analytically by combining eqs. (9) and

(8), and recognizing that an unconstrained aggressive monetary policy rule which fully sta-

bilizes inflation will keep actual output at its potential level (as shown by the top left and

right panels in the figure). So under IMP, an aggressive policy rule which engineers a sharp

depreciation of the nominal exchange rate can keep the paths for τ t and yt unaffected by

the degree of credibility. Even so, the effects on the potential real rate differ, implying that

different paths of the nominal policy rate are called for. In the “Perfect credibility”case, rpott

remains roughly unchanged as it is determined by the expected change in τ t (see eq. 11).

Accordingly, no major cuts in the nominal policy rate are needed; inflation and the output

gap can be kept at target levels nevertheless.

In the “No credibility”case, however, rpott will fall substantially because τ t in each point

in time is expected to start to revert (i.e. appreciate) back towards its baseline value. This

happens because agents in the model do not expect that the spending cut will be long-
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lasting. Accordingly, the central bank needs to cut the policy rate in tandem with the fall

in the potential real rate to keep output at potential and inflation at its targeted rate. The

“Imperfect credibility”case is somewhere in between these two polar cases (depending on

the signal-to-noise ratio) and thus requires some additional monetary policy accommodation

by the central bank. To wrap up, within the context of the simple model outlined above, im-

paired credibility implies that some additional monetary policy accommodation is needed to

ameliorate adverse effects on the output gap and inflation during front-loaded fiscal consol-

idations. Notice however, that even when the consolidation is perfectly credible, the central

bank ensures that output is kept at potential and inflation at target by engineering a sharp

depreciation of the nominal exchange rate and the terms-of-trade.

3.4.2 Currency Union Membership

We now redo the same experiment as in Figure 3, but assume that the consolidating economy

is a small member of a currency union. In all other respects the nature of the experiment

remains identical to the IMP case just discussed.

The CU results are reported in Figure 4. The direct difference w.r.t. the IMP results

is that neither the nominal exchange rate nor the nominal interest rate changes, as seen in

the upper panels. Because the foreign price level, p∗t , is unchanged (follows from our SOE

assumption), any changes in the terms-of-trade thus has to happen through movements in

domestic inflation when the nominal exchange rate is fixed. Hence, inflation (next-to-upper-

left panel in Figure 4) has to fall in order for the actual τ t to depreciate and close the gap to

the potential terms-of-trade τ pott (shown by the dashed black line in the next-to-upper-right

panel in Figure 4). Even so, because prices are sticky inflation will not fall enough in the

short-term and τ t will therefore only depreciate gradually, resulting in a significant negative

terms-of-trade gap (τ t − τ pott < 0). This negative terms of trade gap triggers a negative

output gap according to equation (12), and output therefore falls below its potential level,

as seen in the next-to-last panel in the left column.

Currency union membership thus generates a negative output gap and a fall in the

inflation regardless of whether credibility is impaired or not. Even so, the lower the ability

of policy makers to establish credibility for the cuts to be long-lasting, the more adverse
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the effects on the economy are under CU membership. In the full credibility case, actual

output falls roughly four times more than potential output, but the output gap is closed

after roughly 4 years. In the no credibility case, the sustained decline in output is about

three times larger than that of potential output. The imperfect credibility case is somewhere

in between; sizeable but the losses are notably smaller than the no credibility case after 3

years. An easy way to understand why the output costs are more substantial and persistent

in the no-credibility case is to look at real interest rate gap. As we noted in Figure 3, the rpott

fell much more in the no-credibility case compared to full credibility. Therefore, although

the actual real interest rate rises less in the NC case compared to the FC case, as seen in

the next-to-bottom-right panel in Figure 4, the NC case is associated with a significantly

larger adverse impact on the real interest rate gap, rt− rpott , compared to the FC case. This

explains why the output gap falls much less in the FC case, although the actual real interest

rate rises by less in the NC case. Again, the adverse impact on the real interest rate gap for

the imperfect credibility case in somewhere in between these polar cases.

Our analysis shows that CU constraints might impose significant headwinds for front-

loaded aggressive consolidations to reduce debt at low output costs, especially when credib-

ility is impaired. Some papers in the literature has therefore suggested that consolidations

should be implemented more gradually, as more gradual consolidations does not require the

same dose of monetary accommodation as front-loaded consolidations do. We now proceed

to show that impaired credibility, in addition to the monetary constraints posed by CU

membership, is an additional reason to proceed in a gradual fashion.

As discussed in Section 3.3, we implement a more gradual consolidation profile by letting

actual and permanent spending follow an AR(2)-process with the parameters used to produce

the estimation results in Table 1. It is imperative to understand that both the front-loaded

consolidation approach studied in Figures 3-4 and the gradual approach studied in Figure 5

features exactly the same signal-to-noise ratio for the innovations in the first period. Hence,

a higher signal-to-noise ratio is not the reason why the filtered permanent component catches

up much quicker with the actual spending cut in the gradual case (see lower right panel in

Figure 5). Instead, the reason why the filtered permanent component swamps the transient

component already after one year is the profile of the spending cut. Under the assumption
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that the temporary component follows an AR(1)-process with uncorrelated residuals, agents

simply find it more unlikely that several negative temporary shocks cause the gradual decline

in actual spending they observe in Figure 5. As such, a gradual path is more credible

compared to the front-loaded path studied earlier. This is counter to the conventional

wisdom, in which a front-loaded spending cut is meant to build credibility for a persistent

spending cut. This intuition might be right, but our analysis makes clear it rests on “political

capital”arguments, and that is not applicable to an environment where agents solve a signal

extraction problem.

Turning to the results in Figure 5, we see that the difference between the FC and IC cases

starts to shrink rapidly already after 8 quarters, reflecting that agents learn rather quickly

that the spending cut is very persistent. For the NC case, there are no differences as the

transient component by construction will be the same regardless if the consolidation is front-

loaded or gradual. But in the realistic case where there is indeed some learning, Figure 5

show that private agents will learn faster that the fiscal consolidation is permanent if the

consolidation is implemented gradually. Hence, the responses with imperfect credibility is

much closer to those obtained under perfect credibility.

Since the different spending profiles in Figures 4 and 5 makes it hard to compare the

relative impact on output, we compute the cumulated spending multipliers as a final exercise.

Table 2 shows the present value government spending multiplier as in Uhlig (2010), which

at horizon K is defined as

mK =
1

gy

∑K
0 βK∆yt+K∑K
0 βK∆gt+K

. (19)

Thus, the impact multiplier m0 is simply given by 1
gy

∆yt
∆gt

. Table 2 report results for the

impact, 4, 12, 20 and 40 quarter cumulated multipliers.

As can be seen from Table 2, the results show that the cumulated multiplier schedule is

flat under IMP which is able to keep output at its potential level. Given equation (9), this

is to expected and the multiplier simply equals 1
φmcσ̂

open . It is important to notice though,

that significantly less monetary accommodation is needed for the gradual consolidation to

keep output at it potential level, implying the multiplier would be more elevated in the

front-loaded case if monetary policy were able to provide less stimulus (for instance by being

constrained by the effective lower bound on interest rates).
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Turning to the CU results in the first three rows with multipliers, we see that the multi-

pliers are highest in the NC case, regardless of the consolidation is gradual or front-loaded. In

fact, for the NC case the short-run (m0) and long-run (m40, subject to rounding) cumulated

multipliers are independent of the consolidation profile. This is expected because of the way

we add unanticipated shocks to the temporary spending process to keep actual spending at

the target path in the NC case. We see, however, that the intermediate horizon multipliers

differ somewhat in the NC case, this is because the timing of phasing in the unanticipated

shocks differ between the front-loaded and gradual consolidation (i.e. the impulse response

function of output to spending goes not feature a constant ratio between yt and gt).

Table 2: Cumulated Spending Multipliers.
Front-loaded Consolidation Gradual Consolidation

CU multiplier CU Multiplier
Cred. Assumption m0 m4 m12 m20 m40 m0 m4 m12 m20 m40

No Credibility 0.91 0.81 0.68 0.63 0.59 0.91 0.84 0.72 0.66 0.60
Perfect Credibility 0.84 0.67 0.45 0.37 0.30 0.44 0.40 0.33 0.29 0.25
Imperf. Credibility 0.90 0.80 0.65 0.58 0.48 0.88 0.76 0.50 0.38 0.29

IMP multiplier - Full Stab. IMP multiplier - Full Stab.
All cred. ass. 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21

Note: CU multiplier is the multiplier computed according to equation (19) using the data in Figures 3-5. m0

is the impact multiplier, and mK where K = 4, 12, 20, 40 is the cumulated 1-, 3-, 5- and 10-year multiplier.
The “Front-Loaded Consolidation”refers to the AR(1) case, and the “Gradual Consolidation”to the AR(2)
case. IMP multiplier is the corresponding multiplier when monetary policy provides full stabilization for
both consolidation profiles. The multiplier schedules are in this case invariant to alternative credibility
assumptions, and are simply reported as “All cred. ass”.

When credibility if perfect, we see that the multiplier schedule is significantly lower in

the gradual case, especially in the shorter-term. A similar finding hold when agents solve the

signal-extraction problem (imperfect credibility), with the interesting twist that the short-

term multipliers (m0 and m4) are relatively high even under under a gradual profile while

the long-run multiplier is substantially lower (m40 = 0.29 instead of 0.48) and quite close

to the cumulated multiplier under PC (m40 equals 0.25 for this case). However, because

relatively small spending cuts are undertaken in the short run under a gradual strategy, the

still somewhat elevated multiplier in the short run is less damaging to the level of output

compared to a front-loaded strategy. Thus, the table clearly identifies imperfect credibility as

an additional reason to pursue consolidations more gradually and confirms the visual results
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in Figures 4 and 5.12

3.4.3 Robustness to Tax Financing

So far, we assumed that the government use lump-sum taxes to stabilize government debt,

but that labor income taxes were used to finance the steady state level of government ex-

penditures. As a consequence, Ricardian equivalence holds in the model, and the path of

government debt is inconsequential for the evolution of output following the consolidation.

The fact that the labor income tax rate τNt remains constant is the key to understand why

actual and potential output falls persistently following the fiscal consolidation experiments

in Figures 4 and 5.13 However, financing through distortionary taxation is arguably more

empirically relevant and we therefore now quickly discuss the robustness of our results in

this dimension.

To do this, we allow for one period government debt and assume that labor income taxes

respond to government debt (as share of trend GDP) as deviation from a targeted level of

debt, b∗Gt, according to the rule

τNt − τN = ντ0 (τNt−1 − τN) + (1− ντ0) ντ1(bGt − b∗Gt).

To drive home the point that allowing for distortionary taxes strengthens our argument that

credibility matters, we consider the effects of an aggressive rule by setting the smoothing

parameter ντ0 to 0.7 and ντ1 = 1+θp
1−α = 1.57. Our chosen response coeffi cient for ντ1 implies

that the labor income tax rate responds to a one percent wedge between the actual and

targeted debt levels by the equivalent of one percent of GDP in the long run. With this

tax-rule, we repeat the front-loaded consolidation experiment in Figure 4, keeping all other

aspects of the experiment unchanged. Figure 6 report the results.

12 Note that the impact multiplierm0 may differ in the AR(1) and AR(2) cases for the imperfect credibility
case, although the SNR for the transient and permanent innovations is the same for both parameterizations.
m0 may differ because the agents, conditional on observing actual spending in period 0, expect that the
path for the permanent component will differ going forward: In the AR(1) case, they essentially believe
the permanent component will remain unchanged; in the AR(2) case, they expect the permanent spending
component to fall even further in future periods (due to the specification of the AR(2) process). Because
the different permanent paths affect the potential and actual real rates differently and this influences agents
decisions upon impact, this can cause m0 to differ under CU membership although the SNR is the same.
13 Moreover, government and private consumption are modeled as separable in the utility function, so

there is no direct rationale for households to increase private consumption following a cut in government
consumption.
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In Figure 6, the panels in the left column report the results when the debt target b∗Gt is

unchanged, whereas the right column shows results when the debt target is reduced in line

with how much actual debt bGt is expected to fall after 10 years under perfect credibility.

In contrast to the lump-sum results for potential output in Figure 4, we see from the left

column in Figure 6 that potential output expands in the perfect credibility case already after

3-years under labor income tax financing. This reflects that τN is cut fairly aggressively to

stabilize government debt around the unchanged debt target (see the third panel in the

left column), and this has benign labor-supply effects. The positive supply-side effects of a

reduction in τN becomes most beneficial when the spending cuts are expected to be long-

lasting, which explains why potential output expands more under perfect credibility and

less when credibility is impaired. This contrasts to the results in Figure 4 under lump-sum

financing when the impact on potential output were shown to be invariant to the degree of

credibility.

Actual output, shown in the second panel in the first column, also expands after 2-

years under perfect credibility as the cut in spending raises the fiscal surplus and allows

the government to cut the actual labor income tax rate as shown in the bottom left panel.

When credibility is impaired, the output gains emerges more slowly because potential output

also rises more slowly (as explained above) and the output gap is more adversely impacted.

But under our calibration, actual output eventually rises under learning, whereas it remains

negative if no credibility gains materialize (No Credibility case).

However, in the more realistic case when the decline in spending goes together with cut

in the targeted debt level b∗Gt, there is no need for the government to cut τN aggressively, as

shown in the right column in Figure 6. With our debt target path —the black dashed line in

the third panel —the government even needs to raise τN somewhat initially as actual debt

bGt does not shrink as fast as b∗Gt in the near term due to the initial fall in economic activity

(and associated reduction in tax revenues).14 As can be seen from the first and second

panel, potential output falls persistently and just barely returns to nil when credibility is

14 We assume b∗Gt follows the AR(2) process in equation (21) and set the size of the debt target shock so that
the gap between bGt and b∗Gt is small after 10 years under perfect credibility and little tax adjustment. Hence,
we implicitly assume that the spending cut is appropriately sized to reduce bGt as targeted. In addition,
we assume that the reduction in b∗Gt is anticipated by all agents; in the cases with impaired credibility this
implies that labor income taxes will be projected to increase more relative to when credibility is perfect.
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not impaired; when credibility is impaired potential output falls throughout the horizon.

As a consequence, there is a significant and persistent fall in actual output, especially under

learning, and the results do not differ much from those under lump-sum taxation in Figure 4.

Our conclusion is that if the government has the fiscal space to pair spending reduc-

tions with cuts in distortionary taxes, then output will eventually expand if the government

eventually gains credibility that the spending cuts will become long-lasting. Even so, as

evidenced in Figure 6, there is a considerable cost to fiscal consolidation under distortionary

taxes adjustment when credibility is impaired. Moreover, in the current situation when the

spending cuts are not paired with tax cuts —if anything rather the opposite —our results do

not appear to be particularly sensitive to lump-sum or distortionary taxation.

4 Robustness in a Large-Scale Open Economy Model

In this section, we examine the robustness of our results in Section 3 in a fully-fledged open

economy model. Before we turn to the results in Sections 4.3 and 4.4, we provide a model

overview with a focus on the modeling of fiscal policy and discuss the calibration of some

key parameters. A complete description of the model is available in Appendix A.

4.1 Model

The model is adopted from Erceg and Lindé (2010, 2013) aside from some features of the

fiscal policy specification (as discussed in further detail below), and consists of two countries

(or country blocks) that differ in size, but are otherwise isomorphic. The first country is the

home economy, or “Periphery”, while the second country is referred to as the “Core.”The

countries share a common currency, and monetary policy is conducted by a single central

bank, which adjusts policy rates in response to the aggregate inflation rate and output gap

in the currency union. By contrast, fiscal policy may differ across the two blocks. Given the

isomorphic structure, our exposition below largely focuses on the structure of the Periphery.

Abstracting from trade linkages, the specification of each country block builds heavily on

the estimated models of Christiano, Eichenbaum and Evans (2005), CEE henceforth, and

Smets and Wouters (2003, 2007), SW henceforth. Thus, the model includes both sticky
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nominal wages and prices, allowing for some intrinsic persistence in both component; habit

persistence in consumption; and embeds a Q−theory investment specification modified so

that changing the level of investment (rather than the capital stock) is costly. However,

our model departs from CEE and SW in two substantive ways. First, we assume that

a fraction of the households are “Keynesian”, and simply consume their current after-tax

income; this evidently contrasts with the analysis in our stylized model which assumed that

all households made consumption decisions based on their permanent income. Galí, López-

Salido and Vallés (2007) show that the inclusion of non-Ricardian households helps account

for structural VAR evidence indicating that private consumption rises in response to higher

government spending. Second, we incorporate a financial accelerator following the basic

approach of Bernanke, Gertler and Gilchrist (1999).

On the open economy dimension, the model assumes producer currency pricing as in

the benchmark model, but allow for incomplete international financial markets (the stylized

model in Section 3 presumed complete financial markets domestically and internationally).

To analyze the behavior of the model, we log-linearize the model’s equations around the

non-stochastic steady state. Nominal variables are rendered stationary by suitable trans-

formations. To solve the unconstrained version of the model, we compute the reduced-form

solution of the model for a given set of parameters using the numerical algorithm of Ander-

son and Moore (1985), which provides an effi cient implementation of the solution method

proposed by Blanchard and Kahn (1980). Since the Periphery is assumed to be very small

relative to the Core country block, there is no need to take the ZLB into account as the

actions of the Periphery will only have an negligible impact on the currency union as a

whole.

The approach to analyzing the impact of imperfect credibility for fiscal consolidation

is the same as in the stylized model, but because we are also interested in assessing the

implications for the evolution of government debt, some further details on the modeling of

debt stabilization are in order.

As noted in the description of the model in Appendix A, we presume that governments

in Periphery and the Core has the capability to issue debt. In our benchmark specification,

we further assume that policymakers in the absence of discretionary spending cuts adjust
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labor income taxes gradually to keep both the debt/GDP ratio, bGt, and the gross deficit,

∆bGt+1, close to their targets (denoted b∗Gt and ∆b∗Gt+1, respectively). Thus, the labor tax

rate evolves according to:

τNt − τN = ντ0 (τNt−1 − τN) + (1− ντ0)
[
ντ1(bGt − b∗Gt) + ντ2(∆bGt+1 −∆b∗Gt+1)

]
. (20)

So when the government cuts the discretionary component of spending, gt, in order to

reduce government debt, we assume that the labor income tax τNt will deviate from its

steady state value τN gradually if a gap emerges between actual and desired debt and deficit

levels.15

Our main simulations assume that the government in the Periphery reduces its debt

target b∗Gt. It is realistic to assume that policymakers would reduce the debt target gradually

to help avoid potentially large adverse consequences on output. To capture this gradualism,

we assume that the (end of period t) debt target b∗Gt+1 follows an AR(2) process:

b∗Gt+1 − b∗Gt = ρd1(b
∗
Gt − b∗Gt−1)− ρd2b

∗
Gt + εd∗,t, (21)

where the coeffi cient ρd1 is set to 0.99 and ρd2 is set to close to 0 (10−8) so that the reduction

in debt is gradual (ρd1 > 0) and essentially permanent (ρd2 ≈ 0). The target path for

Periphery government debt is plotted in Figure 7 (black dashed line) and is set so that it

closely mimics the actual debt path under full credibility (the blue solid line). Thus, in the

full credibility case, there is little movement of the labor income tax rate as the gap between

actual and desired debt and deficit levels is negligible.

The Core is assumed to simply follow an endogenous tax rule as in eq. (20), but does

not change its debt target.

4.2 Calibration

Here we discuss the calibration of the key parameters pertaining to fiscal policy and trade;

the remaining parameters —which are with a few exceptions adopted from Erceg and Lindé
15 Lower case letters are used to express a variable as a percent or percentage point deviation from its steady

state level. Note that real government debt bG,t is defined as a share of steady state GDP and expressed as

percentage point deviations from their steady state or “trend”values. That is, bG,t =
(
BG,t

PtY

)
− bG, where

BG,t is nominal government debt, Pt is the price level, and Y is real steady state output. Notice also that
bG,t+1 is debt outstanding at the end of period t (i.e. debt at beginning of period t + 1), so ∆bG,t+1 is the
gross deficit in period t. Analogous notation applies to b∗Gt+1.
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(2013) —are reported and discussed in Appendix A.

The model is calibrated at a quarterly frequency. Structural parameters are set at

identical values for each of the two country blocks, except for the parameter ζ determin-

ing population size (as discussed below), the fiscal rule parameters, and the parameters

determining trade shares.

The parameters pertaining to fiscal policy are intended to roughly capture the revenue

and spending sides of euro area government budgets. The share of government spending on

goods and services is set equal to 23 percent of steady state output. The government debt to

GDP ratio, bG, is set to 0.75, roughly equal to the average level of debt in euro area countries

at end-2008. The ratio of transfers to GDP is set to 10 percent. The steady state sales (i.e.,

VAT) tax rate τC is set to 0.20, while the capital tax τK is set to 0.30. Given the annualized

steady state real interest rate (2 percent), the government’s intertemporal budget constraint

then implies that the effective labor income tax rate τN equals 34 percent (.34) in steady

state. The coeffi cients of the tax adjustment rule (20) are set so that labor income taxes

respond very gradually, which is achieved by setting ντ0 = .9, ντ1 = .2 and ντ2 = .5. This

implies that τNt in the long-run is decreased (increased) by 0.2 percentage points in response

to target deviations from debt (bGt− b∗Gt) and deficit (∆bGt+1−∆b∗Gt+1) with 0.5 percentage

points. However, because ντ0 is high, the short-run response is substantially smaller. For

the Core, we assume the same unaggressive tax rule.

The size of the Periphery is calibrated to be a very small share of euro area GDP, so that

ζ = 0.02. This corresponds to the size of Greece, Ireland or Portugal in euro area GDP.

Identifying the mentioned countries as the Periphery to calibrate trade shares, the average

share of imports of the Periphery from the remaining countries of the euro area was about

14 percent of GDP in 2008 (based on Eurostat). This pins down the trade share parameters

ωC and ωI for the Periphery under the additional assumption that the import intensity of

consumption is equal to 3/4 that of investment. Given that trade is balanced in steady state,

this calibration implies a very small export and import share for the Core countries as share

of GDP. Finally, in contrast to the stylized model risk-sharing is incomplete between the two

members of the currency union, but the quantitatively implications of the incompleteness

is kept modest by setting the financial intermediation parameter φb to a very small value
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(0.00001, which is suffi cient to ensure the model has a unique steady state).

4.3 Benchmark Results

The results in the benchmark calibration of the workhorse model are reported in Figure 7 for

the CU case. The left column shows results for the front-loaded cuts which follows the AR(1)

process in Figure 4; the right column shows results for the gradual spending cut which follows

the AR(2) process shown in Figure 5.16 The results in the left column are thus comparable

to the results in Figure 4, whereas the results in the right column are comparable to those

reported in Figure 5.

Turning to the results in Figure 7, we see that the main features of the results are very

similar to those reported for the stylized model. In the front-loaded consolidation case, the

potential real rate falls the most in the “No credibility”case and the least under “Perfect

credibility”, but because the Periphery is a small member of the currency union, nominal

interest rates in the Periphery and the Core are essentially unaffected. Although inflation

falls more initially when credibility is perfect, and actual real rates therefore rise more than

when credibility is impaired, the real interest rate gap, i.e. the difference between actual and

potential rate, is larger when credibility is impaired. As a result, output falls substantially

more when credibility is impaired and progress to reduce debt is significantly slower, implying

that a large wedge between actual and the target level of government debt opens up. This is

particularly the case under “No credibility”, when debt is essentially unaffected for almost

three years in our calibration. The unresponsiveness of government debt to GDP ratio in

this case reflects lower tax revenues and higher service costs of debt, plus the fact that GDP

itself falls.

When spending is cut gradually, we see from the right column in Figure 7 that the cost

of imperfect credibility is very low if the government gradually gain credibility for the cuts

to be long-lasting. Only if the government never gains any credibility for its spending cuts

will the output costs be comparable to those under a front-loaded consolidation. Computing

16 The difference w.r.t. the simulations in Figures 4 and 5 is that the large-scale model features a reduction
in the debt target b∗Gt, which follows the same path as in Figure 6 (right column). In the AR(2) case, the
maximum cut in government spending is somewhat higher than the 1 percent cut in the front-loaded case,
so that the gap between bGt and b∗Gt is closed after 10 years under full credibility. Essentially, this means
that the 10-year net present value of the spending cut is the same in both the AR(1) and AR(2) cases.
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the cumulated multiplier according to the formula in eq. 19, we find that m40 = 1 when the

consolidation is front-loaded, and 0.75 in the gradual case under learning. Since m40 under

full credibility is roughly identical (0.73 and 0.70 in the AR(1) and AR(2) cases, respectively),

we can draw the conclusion that the bulk of the differences under learning indeed stems from

learning and not the spending cut profile.17

One key question is what role price- and wage-stickiness plays for our result that front-

loaded cuts are associated with large output costs under learning. In Appendix Appendix B

we study the effects of allowing for faster wage and price adjustment. We find that allowing

for faster wage adjustment is inconsequential for our result. However, if both wages and

prices adjust much more quickly than we assume in our benchmark calibration, the costs of

imperfect credibility is diminished materially. However, given that we have witnessed very

modest falls in domestic inflation rates amid large declines in economic activity and unit

labor cost (Figure 1), our assumption of slow price adjustment seems strongly supported by

the data.

4.4 Results with Endogenous Spreads

In the benchmark calibration of the model, we assumed that interest rates faced by the

government and banks in the Periphery and Core were equal to the currency area interest

rate set by the CU central bank (notwithstanding a tiny difference to imply stationary

dynamics of Periphery net foreign assets). To examine conditions under which fiscal

consolidation may be expansionary, we follow Erceg and Lindé (2010) and Corsetti, Kuester,

Meier and Muller (2012) and assume that the interest rate faced by the government and

banks in the Periphery equals the interest rate set by the CU central bank plus a risk-spread

which depends positively on the government deficit and debt level. If we let iPert denote the

interest rate in Periphery, we thus have

iPert − it = ψb(bGt+1 − bG) + ψd(bGt+1 − bGt), (22)

where we recall that bGt+1 is the end-of-period t government debt level and it the interest rate

set by the CU central bank. The specification in (22) is motivated by the spread equation

17 As in the stylized model, m40 is in the no-learning case roughly identical (1.05).
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estimated by Laubach (2010) for the euro area, and captures the idea that countries with

high government deficits and debt levels face higher spreads due to a higher risk of default.

There is a substantial empirical literature that has examined the question of whether higher

deficits and debt lead to increasing interest rates, but it has provided at best mixed evidence

in favor of positive values of ψb and ψd, see e.g. Evans (1985, 1987). However, the papers in

this literature have typically used data from both crisis periods and non-crisis periods, and

as argued by Laubach (2010) this approach is likely to bias downward the estimates, as the

parameters tend to be positive in crisis periods only (close to zero in non-crisis periods). As

we are examining the effects of fiscal consolidations under fiscal stress (i.e. high actual and

projected debt and deficit) periods, we believe it is worthwhile to entertain the assumption

that ψb and ψd are both positive.

As a tentative calibration, we set ψb = .02 and ψd = .04, implying that a one percent

decline in government debt decreases the spread by 2 basis points, and that a one percent

decline in the budget deficit decreases the spread with 4 basis points. While these elasticities

are somewhat on the upper side relative to the evidence reported by Laubach (2010), they

are nevertheless useful to help gauge the potential implications of this channel. All other

aspects of the experiment remains the same as in Section 4.3.

The results with endogenous spreads are reported in Figure 8. As seen from the figure,

the output costs of aggressive spending-based consolidation can be reduced substantially if

long-term interest rate spreads fall (upper left panel), especially when the degree of cred-

ibility to follow through and make the spending cuts permanent is high. In our specific

calibration, long-term spreads in the Periphery fall enough in order for the consolidation

to have expansionary effects on the economy after roughly two years even under imperfect

credibility (dash-dotted red line).

Consequently, these results present a favorable case for the view that aggressive consol-

idation can be an effi cient tool to reduce public debt at low output cost. However, it is

important to point out that this finding hinges crucially on how the consolidation program

is implemented, and the results may be much less benign under an alternative —arguably

equally empirically realistic —modeling of the consolidation program.

Specifically, we assume the government drops the gradual labor income tax rule (20)
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and instead uses government spending entirely to achieve its fiscal targets. Thus, total

government spending (gtott ) is now comprised of an endogenous component, denoted g
endo
t

henceforth, as well the discretionary component gt which is the same as before. Following

Erceg and Linde (2013), gendot is assumed to adjust endogenously according to the rule:

gendot = νg0g
endo
t−1 + (1− νg0)

[
νg1 (bGt − b∗Gt) + νg2

(
∆bGt+1 −∆b∗Gt+1

)]
. (23)

In this alternative specification, the Periphery labor income tax rate is assumed to be con-

stant (at its steady state value of τN); however, the Core is still assumed to use the labor

income tax rule to stabilize debt. We assume rather aggressive coeffi cients in the spending

rule (23) by setting νg0 = 0.8, νg1 = −1 and νg2 = −0.5. Given our steady-state share of

government spending (0.23), these coeffi cients imply that gendot in the long-run is decreased

by 0.25 and 0.125 percent of trend GDP, respectively, in response to target deviations from

debt (bGt − b∗Gt) and deficit (∆bGt+1 − ∆b∗Gt+1). In the short-run, our choice of νg0 implies

that the response is reduced by 4/5.

In Figure 8 we compare results of the gradual labor income tax rule with the above-

mentioned more aggressive spending-based rule to stabilize debt and deficits around their

targets when interest rate spreads are endogenous. We focus on the case with imperfect

credibility, implying that the results for the solid blue lines just restate the results in the

dash-dotted red lines in Figure 7.

From the figure, we see that the results for the more aggressive spending-based rule are

much less benign. In a nut-shell, the government ends up chasing its own tail and cuts

spending too much in the near-term and therefore cause output to fall a lot and debt to

rise in the short- and medium term. Reflecting the rise in government debt and deficits,

interest rate spreads therefore go up in the short—and medium-term before starting to fall.

The results in Figure 8 highlights that the short-run costs can be substantial if policymakers

implement too aggressive and front-loaded spending-based consolidations when aggregate

demand is weak and credibility is impaired. They also suggest that it may take quite some

time before the consolidation efforts carry fruit and have the desired effects under unfavorable

conditions.
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5 Conclusions

Our paper has focused on the economic implications imperfect credibility may have for

expenditure-based fiscal consolidation. We have found that the role of credibility is likely to

be less of an issue if monetary policy can provide suitable degree of accommodation, whereas

imperfect credibility may be a source of substantially larger output losses when monetary

policy is constrained by CU membership (or the zero lower bound). In this latter situation,

progress in reducing government debt as share of GDP may also be significantly slower.

We have also established that a gradual approach to consolidation within a learning

framework is likely to build credibility for the cuts to become more long-lasting much quicker

compared to a front-loaded approach with sharp cuts upfront. This finding is counter to the

conventional wisdom whereby a large front-loaded spending works like a “regime-shifter”

and immediately builds credibility for the spending cuts to become persistent. This intuition

might be right, but our analysis makes clear it rests on “political capital”arguments. This

logic is not supported within an environment where agents use historic spending behavior to

solve a signal extraction problem in order to filter out transient and persistent movements

in government spending.

Although we have focused on only one type of spending cuts to highlight the importance

of monetary constraints for fiscal consolidation, actual consolidation programs deploy a wide

array of fiscal spending adjustments. The transmission of these alternative fiscal measures to

the real economy may differ substantially from the one considered, with potentially import-

ant consequences. For instance, infrastructure spending presumably boosts the productivity

of private capital, while spending on education enhances the longer-term productivity of the

workforce. Accordingly, cuts in these areas would presumably have more adverse effects

on the economy’s longer-term potential output than in our framework which does not take

account of these effects, and possibly weaken aggregate demand more even at shorter hori-

zons. On the other hand, reducing certain types of transfers might have less adverse effects

than the cuts we consider, particularly in the long-run. For example, a gradual tightening

of eligibility requirements for unemployment benefits might well reduce the natural rate of
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unemployment in the long-run, and hence raise potential output.18 In future research, it

would be desirable to extend our modeling framework to better capture the implications of

a wider range of potential spending cuts.

Some other extensions of the basic modeling framework would also seem useful. First,

it would be of interest to extend our approach to imperfect credibility with the approach of

Debortoli and Nunes (2012). Finally, our model assumes that the government issues only one

period nominal debt. Allowing for multi-period nominal liabilities could have potentially

important consequences for the evolution of government debt.

18 The near-term effects of transfers is likely to depend on how the transfers are distributed across house-
holds. In this vein, recent research using large-scale policy models (Coenen et al, 2012) suggests that cuts in
transfers that are concentrated on households facing liquidity constraints —the HM households in our setup
—are likely to be associated with a larger multiplier compared to cuts to general transfers to all households.
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Figure 5: Gradual Fiscal Consolidation Plan Under CU Membership.
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Figure 6: Fiscal Consolidation With Distortionary Taxes in Small CU Member.
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Figure 7: Fiscal Consolidation for Small CU Member in Large Scale Model.
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Figure 8: Fiscal Consolidation In Large Scale Model in Small CU Member When  
Allowing For Endogenous Interest Rate Spreads: Gradual Tax Debt−Deficit Rule.
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Figure 9: Fiscal Consolidation In Large Scale Model In Small CU Member With 
Endogenous Int. Rate Spreads: Aggressive Spending vs. Gradual Tax Debt Rule.
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Appendix A The Large-Scale Open Economy Model

Following Erceg and Lindé (2013), this appendix contains a complete description of the

large-scale model used in Section 4.

As the recent recession has provided strong evidence in favor of the importance of finan-

cial frictions, our model also features a financial accelerator channel which closely parallels

earlier work by Bernanke, Gertler, and Gilchrist (1999) and Christiano, Motto, and Rostagno

(2008). Given that the mechanics underlying this particular financial accelerator mechanism

are well-understood, we simplify our exposition by focusing on a special case of our model

which abstracts from a financial accelerator. We conclude our model description with a

brief description of how the model is modified to include the financial accelerator (Section

A.6).

A.1 Firms and Price Setting

A.1.1 Production of Domestic Intermediate Goods

There is a continuum of differentiated intermediate goods (indexed by i ∈ [0, 1]) in the

Periphery, each of which is produced by a single monopolistically competitive firm. In the

domestic market, firm i faces a demand function that varies inversely with its output price

PDt(i) and directly with aggregate demand at home YDt:

YDt(i) =

[
PDt(i)

PDt

]−(1+θp)
θp

YDt, (A.1)

where θp > 0, and PDt is an aggregate price index defined below. Similarly, firm i faces the

following export demand function:

Xt(i) =

[
P ∗Mt(i)

P ∗Mt

]−(1+θp)
θp

M∗
t , (A.2)

where Xt(i) denotes the quantity demanded of domestic good i in the Core block, P ∗Mt(i)

denotes the price that firm i sets in the Core market, P ∗Mt is the import price index in the

Core, and M∗
t is an aggregate of the Core’s imports (we use an asterisk to denote the Core’s

variables).
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Each producer utilizes capital services Kt (i) and a labor index Lt (i) (defined below)

to produce its respective output good. The production function is assumed to have a

constant-elasticity of substitution (CES) form:

Yt (i) =
(
ω

ρ
1+ρ

K Kt(i)
1

1+ρ + ωL
ρ

1+ρ (ZtLt(i))
1

1+ρ

)1+ρ

. (A.3)

The production function exhibits constant-returns-to-scale in both inputs, and Zt is a country-

specific shock to the level of technology. Firms face perfectly competitive factor markets for

hiring capital and labor. Thus, each firm chooses Kt (i) and Lt (i), taking as given both the

rental price of capital RKt and the aggregate wage index Wt (defined below). Firms can

costlessly adjust either factor of production, which implies that each firm has an identical

marginal cost per unit of output, MCt. The (log-linearized) technology shock is assumed to

follow an AR(1) process:

zt = ρzzt−1 + εz,t. (A.4)

We assume that purchasing power parity holds, so that each intermediate goods producer

sets the same price PDt(i) in both blocks of the currency union, implying that P ∗Mt(i) = PDt(i)

and that P ∗Mt = PDt. The prices of the intermediate goods are determined by Calvo-style

staggered contracts (see Calvo, 1983). In each period, a firm faces a constant probability,

1− ξp, of being able to re-optimize its price (PDt(i)). This probability of receiving a signal

to reoptimize is independent across firms and time. If a firm is not allowed to optimize its

prices, we follow Christiano, Eichenbaum and Evans (2005) and Smets and Wouters (2003),

and assume that the firm must reset its home price as a weighted combination of the lagged

and steady state rate of inflation PDt(i) = π
ιp
t−1π

1−ιpPDt−1(i) for the non-optimizing firms.

This formulation allows for structural persistence in price-setting if ιp exceeds zero.

When a firm i is allowed to reoptimize its price in period t, the firm maximizes:

max
PDt(i)

Et
∞∑
j=0

ψt,t+jξ
j
p

[
j∏

h=1

πt+h−1(PDt (i)−MCt+j)(YDt+j (i) +Xt(i))

]
. (A.5)

The operator Et represents the conditional expectation based on the information available to

agents at period t. The firm discounts profits received at date t+ j by the state-contingent

discount factor ψt,t+j; for notational simplicity, we have suppressed all of the state indices.
A.1

A.1 We define ξt,t+j to be the price in period t of a claim that pays one dollar if the specified state occurs
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The first-order condition for setting the contract price of good i is:

Et
∞∑
j=0

ψt,t+jξ
j
p

(∏j
h=1 πt+h−1 (i)PDt (i)

(1 + θp)
−MCt+j

)
(YDt+j (i) +Xt(i)) = 0. (A.6)

A.1.2 Production of the Domestic Output Index

Because households have identical Dixit-Stiglitz preferences, it is convenient to assume that a

representative aggregator combines the differentiated intermediate products into a composite

home-produced good YDt:

YDt =

[∫ 1

0

YDt (i)
1

1+θp di

]1+θp

. (A.7)

The aggregator chooses the bundle of goods that minimizes the cost of producing YDt, taking

the price PDt (i) of each intermediate good YDt(i) as given. The aggregator sells units of

each sectoral output index at its unit cost PDt:

PDt =

[∫ 1

0

PDt (i)
−1
θp di

]−θp
. (A.8)

We also assume a representative aggregator in the Core who combines the differentiated

Periphery products Xt(i) into a single index for foreign imports:

M∗
t =

[∫ 1

0

Xt (i)
1

1+θp di

]1+θp

, (A.9)

and sells M∗
t at price PDt.

A.1.3 Production of Consumption and Investment Goods

Final consumption goods consumed by both households and the public sector are pro-

duced by a representative consumption goods distributor. This firm combines purchases

of domestically-produced goods with imported goods to produce a final consumption good

(CAt) according to a constant-returns-to-scale CES production function:

CAt =

(
ω

ρC
1+ρC
C C

1
1+ρC
Dt + (1− ωC)

ρC
1+ρC (ϕCtMCt)

1
1+ρC

)1+ρC

, (A.10)

in period t + j (see the household problem below); then the corresponding element of ψt,t+j equals ξt,t+j
divided by the probability that the specified state will occur.
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where CDt denotes the consumption good distributor’s demand for the index of domestically-

produced goods, MCt denotes the distributor’s demand for the index of foreign-produced

goods, and ϕCt reflects costs of adjusting consumption imports. The final consumption

good is used by both households and by the government. The form of the production

function mirrors the preferences of households and the government sector over consumption

of domestically-produced goods and imports. Accordingly, the quasi-share parameter ωC

may be interpreted as determining the preferences of both the private and public sector for

domestic relative to foreign consumption goods, or equivalently, the degree of home bias in

consumption expenditure. Finally, the adjustment cost term ϕCt is assumed to take the

quadratic form:

ϕCt =

1−
ϕMC

2

(
MCt

CDt
MCt−1
CDt−1

− 1

)2
 . (A.11)

This specification implies that it is costly to change the proportion of domestic and foreign

goods in the aggregate consumption bundle, even though the level of imports may jump

costlessly in response to changes in overall consumption demand.

Given the presence of adjustment costs, the representative consumption goods distributor

chooses (a contingency plan for) CDt and MCt to minimize its discounted expected costs of

producing the aggregate consumption good:

min
CDt+k,MCt+k

Et
∞∑
k=0

ψt,t+k

{
(PDt+kCDt+k + PMt+kMCt+k) (A.12)

+PCt+k

[
CA,t+k −

(
ω

ρC
1+ρC
C C

1
1+ρC
Dt+k + (1− ωC)

ρC
1+ρC (ϕCt+kMCt+k)

1
1+ρC

)1+ρC
]}

.

The distributor sells the final consumption good to households and the government at a

price PCt, which may be interpreted as the consumption price index (or equivalently, as the

shadow cost of producing an additional unit of the consumption good).

We model the production of final investment goods in an analogous manner, although

we allow the weight ωI in the investment index to differ from that of the weight ωC in the

consumption goods index.A.2

A.2 Notice that the final investment good is not used by the government.
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A.2 Households and Wage Setting

We assume a continuum of monopolistically competitive households (indexed on the unit

interval), each of which supplies a differentiated labor service to the intermediate goods-

producing sector (the only producers demanding labor services in our framework) following

Erceg, Henderson and Levin (2000). A representative labor aggregator (or “employment

agency”) combines households’labor hours in the same proportions as firms would choose.

Thus, the aggregator’s demand for each household’s labor is equal to the sum of firms’

demands. The aggregate labor index Lt has the Dixit-Stiglitz form:

Lt =

[∫ 1

0

(ζNt (h))
1

1+θw dh

]1+θw

, (A.13)

where θw > 0 and Nt(h) is hours worked by a typical member of household h. The parameter

ζ is the size of a household of type h, and effectively determines the size of the population

in the Periphery. The aggregator minimizes the cost of producing a given amount of the

aggregate labor index, taking each household’s wage rate Wt (h) as given, and then sells

units of the labor index to the production sector at their unit cost Wt:

Wt =

[∫ 1

0

Wt (h)
−1
θw dh

]−θw
. (A.14)

The aggregator’s demand for the labor services of a typical member of household h is given

by

Nt (h) =

[
Wt (h)

Wt

]− 1+θw
θw

Lt/ζ. (A.15)

We assume that there are two types of households: households that make intertemporal

consumption, labor supply, and capital accumulation decisions in a forward-looking manner

by maximizing utility subject to an intertemporal budget constraint (FL households, for

“forward-looking”); and the remainder that simply consume their after-tax disposable in-

come (HM households, for “hand-to-mouth”households). The latter type receive no capital

rental income or profits, and choose to set their wage to be the average wage of optimizing

households. We denote the share of FL households by 1-ς and the share of HM households

by ς.
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We consider first the problem faced by FL households. The utility functional for an

optimizing representative member of household h is

Et
∞∑
j=0

βj
{

1

1− σ
(
CO
t+j (h)− κCO

t+j−1 − νct
)1−σ

+ (A.16)

χ0Z
1−σ
t+j

1− χ (1−Nt+j (h))1−χ + µ0F

(
MBt+j+1(h)

PCt+j

)}
,

where the discount factor β satisfies 0 < β < 1. As in Smets and Wouters (2003, 2007), we

allow for the possibility of external habit formation in preferences, so that each household

member cares about its consumption relative to lagged aggregate consumption per capita

of forward-looking agents CO
t−1. The period utility function depends on an each member’s

current leisure 1−Nt (h), his end-of-period real money balances, MBt+1(h)
PCt

, and a preference

shock, νct. The subutility function F (.) over real balances is assumed to have a satiation

point to account for the possibility of a zero nominal interest rate; see Eggertsson and

Woodford (2003) for further discussion.A.3 The (log-linearized) consumption demand shock

νct is assumed to follow an AR(1) process:

νct = ρννct−1 + ενc,t. (A.17)

Forward-looking household h faces a flow budget constraint in period t which states that

its combined expenditure on goods and on the net accumulation of financial assets must

equal its disposable income:

PCt (1 + τCt)C
O
t (h) + PItIt (h) +MBt+1 (h)−MBt(h) +

∫
s
ξt,t+1BDt+1(h)

−BDt(h) + PBtBGt+1 −BGt +
P ∗BtBFt+1(h)

φbt
−BFt(h)

= (1− τNt)Wt (h)Nt (h) + Γt (h) + TRt(h) + (1− τKt)RKtKt(h)+
PItτKtδKt(h)− PDtφIt(h).

(A.18)

Consumption purchases are subject to a sales tax of τCt. Investment in physical capital

augments the per capita capital stock Kt+1(h) according to a linear transition law of the

form:

Kt+1 (h) = (1− δ)Kt(h) + It(h), (A.19)

where δ is the depreciation rate of capital.

A.3 For simplicity, we assume that µ0 is suffi ciently small that changes in the monetary base have a negligible
impact on equilibrium allocations, at least to the first-order approximation we consider.
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Financial asset accumulation of a typical member of FL household h consists of increases

in nominal money holdings (MBt+1 (h)−MBt (h)) and the net acquisition of bonds. While

the domestic financial market is complete through the existence of state-contingent bonds

BDt+1, cross-border asset trade is restricted to a single non-state contingent bond issued by

the government of the Core economy.A.4

The terms BGt+1 and BFt+1 represents each household member’s net purchases of the

government bonds issued by the Periphery and Core governments, respectively. Each type

of bond pays one currency unit (e.g., euro) in the subsequent period, and is sold at price

(discount) of PBt and P ∗Bt, respectively. To ensure the stationarity of foreign asset positions,

we follow Turnovsky (1985) by assuming that domestic households must pay a transaction

cost when trading in the foreign bond. The intermediation cost depends on the ratio of

economy-wide holdings of net foreign assets to nominal GDP, PtYt, and are given by:

φbt = exp

(
−φb

(
BFt+1

PtYt

))
. (A.20)

If the Periphery is an overall net lender position internationally, then a household will earn

a lower return on any holdings of foreign (i.e., Core) bonds. By contrast, if the Periphery

has a net debtor position, a household will pay a higher return on its foreign liabilities.

Given that the domestic government bond and foreign bond have the same payoff, the price

faced by domestic residents net of the transaction cost is identical, so that PBt =
P ∗Bt
φbt
. The

effective nominal interest rate on domestic bonds (and similarly for foreign bonds) hence

equals it = 1/PBt − 1.

Each member of FL household h earns after-tax labor income, (1 − τNt)Wt (h)Nt (h),

where τNt is a stochastic tax on labor income. The household leases capital at the after-tax

rental rate (1 − τKt)RKt, where τKt is a stochastic tax on capital income. The household

receives a depreciation write-off of PItτKtδ per unit of capital. Each member also receives an

aliquot share Γt (h) of the profits of all firms and a lump-sum government transfer, TRt (h)

(which is negative in the case of a tax). Following Christiano, Eichenbaum and Evans

(2005), we assume that it is costly to change the level of gross investment from the previous

A.4 Notice that the contingent claims BDt+1 are in zero net supply from the standpoint of the Periphery
as a whole.
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period, so that the acceleration in the capital stock is penalized:

φIt(h) =
1

2
φI

(It(h)− It−1)2

It−1

. (A.21)

In every period t, each member of FL household h maximizes the utility functional (A.16)

with respect to its consumption, investment, (end-of-period) capital stock, money balances,

holdings of contingent claims, and holdings of domestic and foreign bonds, subject to its

labor demand function (A.15), budget constraint (A.18), and transition equation for capital

(A.19). In doing so, a household takes as given prices, taxes and transfers, and aggregate

quantities such as lagged aggregate consumption and the aggregate net foreign asset position.

Forward-looking (FL) households set nominal wages in staggered contracts that are ana-

logous to the price contracts described above. In particular, with probability 1 − ξw, each

member of a household is allowed to reoptimize its wage contract. If a household is not al-

lowed to optimize its wage rate, we assume each household member resets its wage according

to:

Wt(h) = ωιwt−1ω
1−ιwWt−1(h), (A.22)

where ωt−1 is the gross nominal wage inflation in period t − 1, i.e. Wt/Wt−1, and ω = π

is the steady state rate of change in the nominal wage (equal to gross price inflation since

steady state gross productivity growth is assumed to be unity). Dynamic indexation of this

form introduces some element of structural persistence into the wage-setting process. Each

member of household h chooses the value of Wt(h) to maximize its utility functional (A.16)

subject to these constraints.

Finally, we consider the determination of consumption and labor supply of the hand-to-

mouth (HM) households. A typical member of a HM household simply equates his nominal

consumption spending, PCt (1 + τCt)C
HM
t (h), to his current after-tax disposable income,

which consists of labor income plus lump-sum transfers from the government:

PCt (1 + τCt)C
HM
t (h) = (1− τNt)Wt (h)Nt (h) + TRt(h). (A.23)

The HM households are assumed to set their wage equal to the average wage of the

forward-looking households. Since HM households face the same labor demand schedule as

the forward-looking households, this assumption implies that each HM household works the

same number of hours as the average for forward-looking households.
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A.3 Monetary Policy

We assume that the central bank follows a Taylor rule for setting the policy rate of the

currency union, subject to the zero bound constraint on nominal interest rates. Thus:

it = max {−i, (1− γi) (π̃t + γπ(π̃t − π) + γxx̃t) + γiit−1} (A.24)

In this equation, it is the quarterly nominal interest rate expressed in deviation from its

steady state value of i. Hence, imposing the zero lower bound implies that it cannot fall

below −i. π̃t is price inflation rate of the currency union, π the inflation target, and x̃t is

the output gap of the currency union. The aggregate inflation and output gap measures are

defined as a GDP-weighted average of the inflation rates and output gaps of the Periphery

and Core. Finally, the output gap in each member is defined as the deviation of actual

output from its potential level, where potential is the level of output that would prevail if

wages and prices were completely flexible.

A.4 Fiscal Policy

Intertemporal Budget Constraint The government does not need to balance its budget each

period, and issues nominal debt BGt+1 at the end of period t to finance its deficits according

to:

PBtBGt+1 −BGt = PCtGt + TRt − τNtWtLt − τCPCtCt − (τKRKt − δPIt)Kt

−(MBt+1 −MBt),
(A.25)

where Ct is total private consumption. Equation (A.25) aggregates the capital stock, money

and bond holdings, and transfers and taxes over all households so that, for example, TRt =∫ 1

0
TRt(h)dh. The taxes on capital τK and consumption τC are assumed to be fixed, and the

ratio of real transfers to trend GDP, tr = TRt
PtY
, is also fixed.A.5 Government purchases enters

additively in the period utility functional of households and thus do not directly affect their

decisions, nor do they affect the production function of the private sector.

A.5 Given that the central bank uses the nominal interest rate as its policy instrument, the level of seigniorage
is determined by nominal money demand.
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A.5 Resource Constraint and Net Foreign Assets

The domestic economy’s aggregate resource constraint can be written as:

YDt = CDt + IDt + φIt, (A.26)

where φIt is the adjustment cost on investment aggregated across all households. The final

consumption good (see eq. A.10) is allocated between households and the government:

CAt = Ct +Gt, (A.27)

where Ct is total private consumption of FL (optimizing) and HM households:

Ct = CO
t + CHM

t . (A.28)

Notice that this setup implies that part of government consumption consist of imported

goods. Total exports may be allocated to either the consumption or the investment sector

abroad:

M∗
t = M∗

Ct +M∗
It. (A.29)

Finally, at the level of the individual firm:

Yt(i) = YDt(i) +Xt(i) ∀i. (A.30)

The evolution of net foreign assets can be expressed as:

P ∗B,tBF,t+1

φbt
= BF,t + P ∗MtM

∗
t − PMtMt. (A.31)

This expression can be derived from the budget constraint of the FL households after im-

posing the government budget constraint, the consumption rule of the HM households, the

definition of firm profits, and the condition that domestic state-contingent non-government

bonds (BDt+1) are in zero net supply.

Finally, we assume that the structure of the foreign country (the Core) is isomorphic to

that of the home country (the Periphery).
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A.6 Production of capital services

We incorporate a financial accelerator mechanism into both country blocks of our benchmark

model following the basic approach of Bernanke, Gertler and Gilchrist (1999). Thus, the

intermediate goods producers rent capital services from entrepreneurs (at the price RKt)

rather than directly from households. Entrepreneurs purchase physical capital from com-

petitive capital goods producers (and resell it back at the end of each period), with the

latter employing the same technology to transform investment goods into finished capital

goods as described by equations A.19) and A.21). To finance the acquisition of physical

capital, each entrepreneur combines his net worth with a loan from a bank, for which the

entrepreneur must pay an external finance premium (over the risk-free interest rate set by

the central bank) due to an agency problem. Banks obtain funds to lend to the entre-

preneurs by issuing deposits to households at the interest rate set by the central bank, with

households bearing no credit risk (reflecting assumptions about free competition in banking

and the ability of banks to diversify their portfolios). In equilibrium, shocks that affect

entrepreneurial net worth —i.e., the leverage of the corporate sector —induce fluctuations in

the corporate finance premium.A.6

A.7 Calibration of Parameters

Here we report calibration of the parameters not discussed in the main text.

We assume that the discount factor β = 0.995, consistent with a steady-state annualized

real interest rate r of 2 percent. By assuming that gross inflation π = 1.005 (i.e. a net

inflation of 2 percent in annualized terms), the implied steady state nominal interest rate i

equals 0.01 at a quarterly rate, and 4 percent at an annualized rate.

The utility functional parameter σ is set equal to 1 to ensure that the model exhibit

balanced growth, while the parameter determining the degree of habit persistence in con-

sumption κ = 0.8. We set χ = 6, implying a Frisch elasticity of labor supply of 1/3, which

is in the mid-range of empirical estimates reported by Domeij and Flodén (2006). The

A.6 We follow Christiano, Motto and Rostagno (2008) by assuming that the debt contract between entre-
preneurs and banks is written in nominal terms (rather than real terms as in Bernanke, Gertler and Gilchrist,
1999). For further details about the setup, see Bernanke, Gertler and Gilchrist (1999), and Christiano, Motto
and Rostagno (2008). An excellent exposition is also provided in Christiano, Trabandt and Walentin (2007).
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utility parameter χ0 is set so that employment comprises one-third of the household’s time

endowment, while the parameter µ0 on the subutility function for real balances is set at an

arbitrarily low value (so that variation in real balances do not affect equilibrium allocations).

We set the share of HM agents ς = 0.50, implying that these agents account for about 1/3

of aggregate private consumption spending (the latter is smaller than the population share

of HM agents because the latter own no capital).

The depreciation rate of capital δ is set at 0.03 (consistent with an annual depreciation

rate of 12 percent). The parameter ρ in the CES production function of the intermediate

goods producers is set to −2, implying an elasticity of substitution between capital and

labor (1 + ρ)/ρ, of 1/2. The quasi-capital share parameter ωK —together with the price

markup parameter of θP = 0.20 —is chosen to imply a steady state investment to output

ratio of 15 percent. We set the cost of adjusting investment parameter φI = 3, slightly

below the value estimated by Christiano, Eichenbaum and Evans (2005). The calibration of

the parameters determining the financial accelerator follows Bernanke, Gertler and Gilchrist

(1999). In particular, the monitoring cost, µ, expressed as a proportion of entrepreneurs’

total gross revenue, is set to 0.12. The default rate of entrepreneurs is 3 percent per year,

and the variance of the idiosyncratic productivity shocks to entrepreneurs is 0.28.

Our calibration of the parameters of the monetary policy rule and the Calvo price and

wage contract duration parameters —while within the range of empirical estimates —tilt in

the direction of reducing the sensitivity of inflation to shocks. These choices seem reasonable

given the resilience of inflation in most euro area countries in the aftermath of the global

financial crisis. In particular, we set the parameters of the monetary rule such that γπ = 1.5,

γx = 0.125, and γi = 0.7, implying a considerably larger response to inflation than a standard

Taylor rule (which would set γπ = 0.5). The price contract duration parameter ξp = 0.9,

and the price indexation parameter ιp = 0.65. Our choice of ξp implies a Phillips curve slope

of about 0.007, which is a bit lower than the median estimates in the literature that cluster

in the range of 0.009 − 0.014, but well within the standard confidence intervals provided

by empirical studies (see e.g. Adolfson et al (2005), Altig et al. (2010), Galí and Gertler

(1999), Galí, Gertler, and López-Salido (2001), Lindé (2005), and Smets and Wouters (2003,

2007)). Our choices of a wage markup of θW = 1/3, a wage contract duration parameter of
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ξw = 0.85, and a wage indexation parameter of ιw = 0.65, together imply that wage inflation

is somewhat less responsive (κw = .002) to the wage markup than price inflation is to the

price markup (κmc = .011).A.7

We assume that ρC = ρI = 2, consistent with a long-run price elasticity of demand for

imported consumption and investment goods of 1.5. The adjustment cost parameters are

set so that ϕMC
= ϕMI

= 1, which slightly damps the near-term relative price sensitivity.

A.7 Given strategic complementarities in wage-setting, the wage markup influences the slope of the wage
Phillips Curve.
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Appendix B Results in Large Scale Model with Faster

Wage and Price Adjustment

In this appendix, we examine to which extent the results in Figure 7 changes when we allow

for faster wage adjustment (Figure A.1) and faster adjustment of both wages and prices

(Figure A.2).

B.1 Faster Wage Adjustment

In the benchmark calibration of our model, we assume a wage contract duration parameter of

ξw = 0.85, which implies that nominal wage inflation is less responsive to the wage markup

than price inflation is to the price markup. We now entertain an alternative calibration

where nominal wage inflation is equally responsive to the wage markup, which we achieve

by changing ξw to 0.70. Assuming that wages are more flexible than in our benchmark

calibration can be rationalized by the fact that Figure 1 shows that while unit labor costs

have indeed fallen markedly in all peripheral EA countries (except Italy) relative to other EA

economies, inflation outcomes have remained in line with overall EA inflation. Estimation

results in Blanchard, Erceg and Lindé (2016), who estimate the degree of wage and price

stickiness by matching the impulse response functions to monetary policy and government

spendings shocks of the model with that of a structural VAR, also supports the notion that

ξw is lower than entertained in our benchmark calibration.

The results with this alternative calibration for exactly the same experiments as in Fig-

ure 7 are reported in Table A.1. By comparing the results in Figures A.1 with those in

Figure 7, we see that the results from a qualitative perspective are virtually unchanged.

Even from a quantitative perspective, the results are very little affected. So we conclude

that the results are not much at all impacted when varying the speed of wage adjustment

within reasonable bounds.
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B.2 Faster Wage and Price Adjustment

Although we believe unconditional data evidence (Figure 1) and conditional data evidence

(estimation results in DSGEs and SVARs) does not support faster price adjustment, we

report results in Figure A.2 for a variant of our model with both faster wage and price

adjustment, which we achieve by setting ξw to 0.70 —as in Figure A.2 —and lowering ξp from

.90 to .80. This is a sizeable change in the degree of stickiness, and the partial impact of the

faster price adjustment can be teased out by comparing the results in Figure A.1 with ones in

Figure A.2. By comparing the results in Figure A.2 with the benchmark results in Figure 7,

we get an assessment of the overall impact of both faster wage and price adjustment.

Whereas the results in Figure A.1 were little changed relative to our benchmark results in

Figure 7, the message from Figure A.2 is that, while the results qualitatively are similar, they

differ markedly quantitatively. In particular with both faster wage and price adjustment,

the macroeconomic costs of impaired credibility are notably smaller. For instance, after 10

years GDP falls −1.1 percent in the “No Credibility case”and just above −0.6 percent in the

“Perfect Credibility case”in our benchmark calibration (see Figure 7). With faster price and

wage adjustment output the corresponding numbers are −0.8 in and (just a notch below)

−0.6 percent. Hence, a substantial share of the differences between the perfect and imperfect

credibility cases are accounted for by slow price adjustment. However, provided that slow

price adjustment is strongly supported by the data within a New Keynesian framework, we do

not believe this is a strong weakness of our paper. But clearly the results in Figure A.2 show

that sticky prices is an important feature which strengthens the importance of credibility.

59



0 4 8 12 16 20 24 28 32 36 40

−1

−0.5

0 Output                       
Front Loaded Cut − AR(1)

Figure A.1: Fiscal Consolidation In Large Scale Model In Small CU Member:
            Allowing for Faster Adjustment in Wage−Setting.              
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Figure A.2: Fiscal Consolidation In Large Scale Model In Small CU Member:
            Allowing for Faster Adjustment in Wage− and Price Setting.   
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