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Abstract

Under limited asset market participation fiscal consolidations have a
deep and prolonged deflationary effect, causing substantial short term wel-
fare losses to households whose access to financial markets is limited. We
show that it is possible to both reduce public debt and boost consumption
of constrained households. This is obtained by allowing taxes to immedi-
ately undershoot their post-consolidation steady-state values. A similar
result is achieved if temporary public transfers to constrained households
are exploited to stimulate demand. We also find that an interest rate rule
which reacts not only to inflation but also to the output gap is an effective
complement to fiscal policy as a stabilization tool. In fact, the output gap
target induces the Central Bank to implement a stronger interest rate cut
which triggers a surge in the consumption of Ricardian households. This,
in turn, has beneficial effects on labor incomes and on RT households’
consumption. We obtain the apparently paradoxical result that such a
policy allows to obtain better control of inflation, limiting deflationary
pressures.
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1 Introduction

Following the large increases in public debt-to-GDP ratios observed in the af-
termath of the 2007-financial crisis, the issue of fiscal consolidation, i.e. a re-
duction in the debt-to-GDP ratio, has come to the forefront of political debate
and macroeconomic analyses (OECD 2012).

Empirical contributions emphasize the importance of achieving fiscal con-
solidation through public expenditures reductions. In empirical research, early
enthusiasm towards expansionary contractions seems to have vanished (Perotti,
2011). However Nickel, Rother and Zimmermann (2010) find that major debt
reductions in the EU-15 during the period 1985-2009 were mainly caused by
strategies based on reduction of government consumption, whereas revenue-
based consolidation efforts were less successful. The same conclusion is reached
in Alesina, Favero and Giavazzi (2012), who argue that spending-based adjust-
ments are associated with mild and short-lived output losses, while tax-based
adjustments are associated with deep and prolonged recessions.

Within the theoretical framework of DSGE models characterized by complete
financial markets and optimizing households, expenditure-based fiscal consoli-
dations are a win-win strategy that reduces steady state distortionary taxation
and raises private consumption even in the short run. This latter effect obtains
because, despite the output drop, a positive wealth effect is in place, driven
by the expectation of permanently lower taxes. From this viewpoint, the NK-
DSGE model gives similar predictions to those of RBC models (see, for example,
Linnemann and Schabert, 2003). Therefore, expenditure-based consolidations
produce a gain without pain, as the policy entails a short-run consumption boom
and a fall in labor effort.

The assumption of homogeneous and forward-looking households is at best
only partly consistent with actual consumer behavior. The predicted effect of
fiscal consolidations may look rather grim if one takes into account the hy-
potesis of Limited Asset Market Participation (LAMP henceforth)!, implying
a distinction between a fraction of households who have full access to financial
markets (Ricardian households, henceforth) and a fraction of households who
do not participate in financial markets and just consume their current income
(Rule of Thumb, RT henceforth). For these households the fiscal consolidation
envisages a gain with pain if the short-run decline of output is associated to a
reduction in their disposable income (Coenen, Mohr and Straub, 2008, CMS
henceforth; Almeida et al., 2013). This result has been implicitly acknowledged
in policy-oriented research that emphasizes the importance of pursuing "equity
friendly" consolidation plans (OECD 2013).

We investigate the contribution of fiscal and monetary policies that may sta-
bilize consumption of RT consumers, potentially restoring the gain without pain
result. When all households are Ricardian, consumption choices mainly react to
the present value of future tax payments, and the selected time path for the tax

IThe LAMP assumption finds considerable empirical support (Campbell and Mankiw,
1989; Fuhrer, 2000; Cowell, Karagiannaki and McKnight, 2012; Anderson, Inoue and Rossi,
2013; Iacoviello and Pavan, 2013).



reduction plan is almost irrelevant. Under LAMP a fraction of households would
certainly react to tax reductions implemented in the early phase of the consol-
idation process, when employment falls due to nominal rigidities. In addition,
an important role might be played by temporary public transfers, that would be
irrelevant under the representative household assumption. Another important
issue is whether such policies might indeed have a limited effect on the pace of
debt consolidation due to their stimulus to output growth and therefore to fiscal
revenues. Finally, monetary policy might have a powerful stabilizing effect on
the consumption of constrained households if it exploited the complementarity
between the consumption of Ricardian households, stimulated by the interest
rate fall, and the labor income accruing to RT households.

We design a consolidation experiment where the long-run debt reduction is
obtained through a temporary fall in public consumption and is associated to
a permanent fall in tax rates. During the transition period we allow taxes (and
public transfers) to react to the temporary drop in output. One important dis-
tinction between our work and previous contributions is that in our framework
reducing public consumption is, by assumption, costly for the policymaker. This
issue is typically neglected in the theoretical literature on fiscal consolidations,
despite the apparent difficulties that governments meet when attempting to cut
their expenditures.

In a nutshell, our results are summarized as follows. First, we show that it
is possible to both reduce public debt and boost consumption of RT house-
holds. This is obtained by allowing taxes to immediately undershoot their
post-consolidation steady-state values. These "overexpansionary" fiscal poli-
cies allow to raise the disposable income of RT consumers, and yet we do
not observe a significant slow down in the pace of debt reduction due to the
favourable impact of consumption growth on output and government revenues.
A similar result is obtained if temporary public transfers to RT households are
exploited to stimulate demand. This is in sharp contrast with recent consoli-
dation plans in advanced countries, that apparantly rely on both expenditure
reductions and tax hikes (Figure 1). Our findings suggest that such a policy mix
is bound to depress consumption and economic activity. In fact, this study calls
for new tax/transfer policies that limit the consumption gap between Ricardian
and RT households and improve the performance of the macroeconomy in the
short-medium run.
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Fig.1-Change in planned measures 2009-2013. (Source: IMF, 2013). Orizontal
axis: expenditure cuts relative to plans (% of potential GDP). Vertical axis:
revenue increases relative to plans (% of potential GDP)

Second, we find that an interest rate rule which reacts not only to inflation
but also to the output gap is an effective complement to fiscal policy as a
stabilization tool. In fact, the output gap target induces the Central Bank to
implement a stronger interest rate cut which triggers a surge in the consumption
of Ricardian households. This, in turn, has beneficial effects on labor incomes
and on RT households’ consumption. We obtain the apparently paradoxical
result that such a policy allows to obtain better control of inflation, limiting
deflationary pressures. Third, our analysis also highlights the risk that, without
an "aggressive" fiscal policy, a large debt consolidation causes a slump so deep
that the nominal interest rate is driven down to the zero lower bound. In
this regard, we reach the important conclusion that transfer policies are far
more effective than tax reductions. Both policies have a stabilizing impact on
aggregate demand, but tax reductions also lower marginal costs and inflation,
causing a downward pressure on the nominal interest rate.

One strand of literature apparently related to our study is concerned with
tax reforms and with the identification of the (Ramsey optimal) financing mix
between labor and capital taxation (Chamley, 1986; Judd, 1997; Guo and Lans-
ing 1999; Greulich and Marcet, 2008; Garcia-Mila Marcet and Ventura, 2010).
In fact our focus is quite different because we are mainly interested in the iden-
tification of a short-run policy mix that can enhance the sustainability of long
term debt reductions. At first sight, our contribution is akin to Cogan et al.
(2012) who consider the effects of fiscal consolidations in a model that accounts
for LAMP and emphasizes the importance of phasing in tax reductions. In-
deed there are some important differences between their work and ours. First,



their definition of LAMP is such that a fraction of households do not partici-
pate in stocks and bonds markets but are allowed to hold money. Therefore,
to the extent that their initial holdings of money balances are sufficiently large,
these households may partly smooth consumption in response to a fiscal con-
solidation that reduces output and labor incomes. In their model intertemporal
consumption optimization therefore plays an important role even for constrained
households. Second, they consider a consolidation experiment which is based
on the contraction of public transfers and the contemporaneous reduction of
distortionary taxes. Since transfers are by assumption equally shared by all
households and Ricardian consumers account for two thirds of the population,
the fall in transfers has a limited effect on aggregate demand, whereas the lower
tax rates unambiguously increases efficiency. The overall effect on demand is
so strong that output increases even in the short run. In our analysis we ab-
stract from apparently "easy" solutions where reducing public expenditures is
costless by assumption. Further, in our experiment redistributive transfers may
be a useful stabilization tool. Third, we consider the potential complementarity
between fiscal and monetary policies during the transition.

The rest of the paper is organized as follows. Section 2 describes the main
features of the model and the experiment implementation. Section 3 shows
the short and long run results. Welfare effects of the consolidation process are
discussed in section 4. Section 5 reports some robustness analysis. Finally,
section 6 concludes.

2 The Fiscal Consolidation Exercise

2.1 A Sketch of the Model

Our model is an extended version of the NK-DSGE model developed by Smets
and Wouters (2003), henceforth SW, Schmitt-Grohé and Uribe (2005), hence-
forth SGU and Christiano, Eichenbaum and Evans (2005), henceforth CEE.?
It embodies both real and nominal frictions. Real frictions include: monopolis-
tic competition in goods and labour markets, internal habits in consumption,
variable capacity utilization, adjustment costs in investment decisions and dis-
tortionary taxation on labor and capital incomes. As for nominal frictions,
prices and wages are sticky a la Calvo (1983), with an indexation clause.?

Our model accounts for LAMP, i.e. the economy is populated by two differ-
ent household types: optimizing (Ricardian) households, who hold assets, and
RT households, who just consume their current income and do not own any
wealth.

To implement a welfare analysis of alternative policies based on expendi-
ture reductions we assume that government spending enters households’ utility
functions. In particular, preferences are defined over private individual con-

2The full model is laid out in Appendix A.
3SW (2003) argue that partial indexation scheme makes the model more robust for policy
and welfare analysis with respect to a constant price setting behavior.



sumption c?, individual labor supply k¢ and real government consumption G,
where i = o, rt refers to Ricardian and RT consumers, respectively.

U= B S {m (=) - g ild)) ()0 4 1 G;} (1)
t=0

Moreover, b is the degree of internal habit formation in consumption, ¢ repre-
sents the inverse of Frish elasticity and £ denotes the weight of public spending
in the utility function.

2.2 Fiscal Sector

The period government budget constraint is described as follows:

g g
Gt+TRt+ b7t = T?Uth—f—T?wtht—l— btj
T Rt

where T'R defines real government consumption and transfers to households,
b9 is the outstanding stock of real debt, 7" and 7% define tax rates on labor and
capital respectively, o K and wh respectively denote gross capital and labor
incomes.

‘We model fiscal consolidation as a permanent reduction of the debt-to-GDP
ratio via a temporary decline of the expenditure ratio. The fiscal consolidation
exercise entails a transition from one initial steady state where the debt-to-GDP
ratio bJ* is set at 70% to a new steady state where bJ** = 60%, in line with
Coenen et al. (2008). In this experiment we assume that savings on interest
payments are used to reduce taxes while the public spending ratio goes back
to the initial steady state level. Therefore in the steady state associated to
by = 60% tax distortions are unambiguously reduced and y** > y*. Since we
are not interested in policy-induced long-run changes in capital-labor ratios, we
posit that (77%* /7h*) = (7h* /7h*).

Our policy experiments are better characterized as multi-period plans, and
the full consolidation is achieved after several years. In this regard, the Ricardian
households expectation of future variations in the policy instruments drives the
bulk of our results.? The key tool used to achieve the debt reduction is a
temporary reduction in public consumption. We assume that the fiscal authority

follows the rule: —o
Gyt _ bZ,t ! (2)

where g, = (G*/y*) = (G**/y™*) is the constant public consumption-to-GDP
target ratio, g,: = (G¢/y™*) and b, = (b{ /y9**) respectively define time ¢
levels of public consumption and debt in terms of post-consolidation steady-
state output.

4This approach is consistent with the analysis in Alesina et al. (2012) who document that
fiscal consolidations in OECD countries took the form of multi-year plans.



To model the behavior of taxes during the transition phase, we assume
that relative tax rates are constant throughout the transition, i.e. (Tf / T?) =
(7#*/7h*) = (7%**/7h**). Then for the sake of brevity, from now on we only
refer to labor tax rate. We consider two alternative tax rules. In the first case,
we assume that taxes follow a highly inertial path towards the new steady state:

Ti=( =) T (3)

In the early stages of the consolidation experiment this allows to identify the
permanent income effect of a future tax reduction, that only affects consumption
choices of Ricardian households.

With the second rule we model taxes as automatic stabilizers in the spirit

of Colciago et al. (2008)°.
h do
Tt Yt
L — 4
<Th**> <y> W

This allows to assess the contribution of short-run tax adjustments to output
stabilization, where taxes immediately impact on RT consumers’ disposable
income. Due to LAMP, temporary redistributive policies may have powerful
stabilisation effects on RT consumption but no effect on Ricardian households.
To investigate this issue we also assume that transfers to RT consumers evolve
according to the following rule:

—5
tr
(5)-(2)
try Y
where tr, = (I'R*/y*) = (T'R**/y**) is the constant public transfer-to-GDP
target ratio and try; = (T'R:/y**) defines time ¢ levels of public transfers in
terms of post-consolidation steady-state output. We also assume that steady

state transfers are payed only to constrained households, as in Coenen et al.,
2008).

2.3 Monetary Policy

The monetary authority sets its policy instrument R; according to a standard

Taylor rule:
B =" ()" )
R/) \\r yr*

where 7, m, R and y;/y** respectively denote the inflation rate, the inflation
target, the interest rate target and the output gap defined with reference to the
post-consolidation steady state.

5See also Van den Noord (2000), Westaway (2003) and Andres and Domenech (2006).



2.4 Calibration

The baseline calibration of structural parameters® follows SW who estimate a
DSGE model for the euro area.

As for fiscal sector, the parameter governing the debt stabilization ¢, in
the government spending rule is set equal to 1, in line with the debt reduction
experiment carried out by CMS. As in Colciago et al. (2008), fiscal responses to
output - dp in (4) and d; in (5) - are calibrated at 0.5. This value is also consistent
with the empirical evidence in Van den Noord (2000) and adopted in studies on
fiscal stabilization (e.g. Westaway, 2003). Moreover, to guarantee the inertial
behavior of taxes according to (3) we set ¢ = 0.01. Furthemore, we draw
from the estimates reported in Mendoza, Razin and Tesar (1994) to assign the

kxox

value to the average effective capital-labor tax rate ratio’, i.e. (:h =0.928.

Finally, the public spending and transfer steady state ratios are both fixed at
0.18, consistently with the national accounts data for Euro Area countries.’

As for monetary policy, the parameter governing inflation stabilization ¢,
is calibrated at 1.5, in line with a conservative parametrisation in the literature
and the parameter governing output stabilization ¢, is set at 0.5, according to
the classical Taylor rule specification.

The parameter denoting the weight of public spending in the utility func-
tion £ is set at a level such that the calibrated public consumption to GDP
ratio is indeed optimal according to the social planner choice and temporary
expenditure reductions lower welfare.

The fraction of population following the rule of thumb in the Euro Area is
estimated by the empirical evidence'? in a range between 0.25 and 0.40. Follow-
ing Campbell and Mankiw (1989), we fix the fraction of liquidity constrained
consumers at 0.50. As a matter of fact, raising the share of RT consumer "stacks
the cards" against the possibility that the tax reductions necessary to stabilize
consumption do not substantially slow down the pace of debt reduction.

6 Appendix B summerizes in Table B1 parameters values and their description

"In particular, while the labor tax rate is calibrated such that the fiscal authority’s budget
is balanced at the debt-to-GDP target, the capital tax rate is anchored to the capital-labor
tax rate ratio.

8Results hold for different values of capital-labor tax rate ratios found in the literature,
(Coenen et al., 2008; SGU, 2005)

90ur results would not change if we used instead the corresponding ratios that charaterise
the US economy.

10Gee, for instance, Coenen and Straub (2005), Forni et al. (2009).



3 Results

3.1 The Long-Run Effects of Fiscal Consolidation

In Table 1 we report the steady state adjustment of some key variables in con-
sequence of the fiscal consolidation.

Table 1 - Steady state percentage variations after consolidation

Arhe = —0.70 A(E) =042
Atk = —0.70 Ah** =0.31
Ay** = AG*™* =0.43 Aw** =0.13
Acpr* = —0.02 Ac;f:** = 0.82
where k**/h** is the capital labor ratio, w denotes the real wage, Cpe” and c;tp**

respectively define the per-capita consumption levels of the two household types.

The fiscal consolidation improves the budgetary position of the government.
These resources are used to lower labor and capital income taxes. This, in
turn, causes an output expansion, due to an increase in both capital and labor
supply. RT consumption unambiguously increases. Just like RT consumers,
Ricardian households benefit from the labor tax reduction. In addition they
entirely appropriate the capital income tax reduction. However, they loose
public debt service payments. As a result, the steady state variation in their
consumption is negative.

3.2 Transition Dynamics

The next step in our analysis is a discussion of the short-run effects under
different fiscal and monetary rules. We consider alternative scenarios.

1. No short-run fiscal stabilization and pure inflation targeting. In this case
we are able to identify the role of "pure" announcements of future tax
reductions. The tax rule follows (3), transfers are held constant and we
set ¢, =0 in (6).

2. Short run fiscal stabilization is based on (4), constant transfers and pure
inflation targeting.

3. Taxes follow (3), monetary policy is a pure inflation targeter and transfers
to RT consumers are activated as stabilizers according to (5).

4. The Taylor rule reacts to the output gap, i.e. ¢, = 0.5. We consider
the contribution of output gap targeting under the alternative tax rules
described in (4) and in (5) , scenarios 4a and 4b, respectively.

In the following we report transition paths for the relevant variables under
scenarios 1-4. Each panel shows the transition dynamics starting from the initial
steady state in which the value of the debt-to-GDP ratio is equal to 70%"!.

1T All dynamic effects are reported as percentage deviations from the initial steady state,
with the exception of fiscal ratios which are reported in absolute values.



3.3 Scenario 1. No fiscal stabilizers and pure inflation
targeting

Figure 2 reports dynamics under scenario 1. Achieving the desired fall in the
debt-to-GDP ratio takes about 37 quarters. Consider first what happens when
all agents are Ricardian (blue line). After the government consumption re-
duction of about 2.5 percentage points, the output contraction is unavoidable.
This is in turn associated to a lower real wage. As a consequence, marginal
costs fall, bringing down inflation and interest rates. Note that without RT
agents the output reduction is associated with a boom in consumption, which
initially overshoots its new long-run level. In line with previous contributions in
thies field (see, for instance, Linnemann and Schabert, 2003), expenditure-based
fiscal consolidations produce a gain without pain because private consumption
rises and the labor supply falls.

Under LAMP (red line) the initial output fall is larger due to the fall in
RT consumption. Note that in this case the fiscal consolidation causes a tem-
porary but strong increase in consumption inequality. In fact while Ricardian
households raise their consumption, RT households do just the opposite in con-
sequence of the fall in their current income.
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Fig.2-Short run effects of fiscal consolidation

3.4 Scenario 2. Tax stabilizers and pure inflation target-
ing

Relatively to Scenario 1, taxes undershoot their long-run fall in response to the
short-run output reduction (Figure 3). This boosts RT households’ disposable
income and consumption. The gain without pain result is restored. Aggregate
demand increases and the recession softens. This result is obtained at the cost
of slowing down the speed of debt reduction, which is now achieved in about 44
quarters.

10
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Fig.3-Tax stabilizers vs tax reduction "announcement"

3.5 Scenario 3. Stabilization through redistribution

Stabilization through redistribution allows to both reduce debt and boost con-
sumption. In Figure 4, stabilization by means of transfers policy (red line)
only operates through the demand-side effect stemming from RT consumption,
whereas use of taxes (blue line) produces favourable supply side effects that
raise output and labor income, thus increasing RT consumption. In addition,
the tax fall lowers marginal costs and induces a larger interest rate reduction.
This, in turn, stimulates Ricardian households consumption and strengthens the
recovery of output. As a result we obtain that a pure demand-side fiscal policy
is less effective in stimulating output convergence and has a weaker effect on RT
consumption. The other side of the coin is that stabilization through transfers
entails a much faster speed of debt reduction, which is completed in about 38
quarters, and a quicker convergence of public consumption to the new steady
state level.

11
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Fig.4-Transfer stabilizers vs tax stabilizers

3.6 Scenario 4. Monetary policy reacts to the output gap

Figure 5a and 5b compare the effects of a countercyclical monetary policy com-
plementing fiscal policy under rules (4) and (5), respectively. Relative to Sce-
narios 2 and 3, output gap targeting causes a larger interest rate fall. This, in
turn, causes a much stronger increase in Ricardian consumption and has bene-
ficial effects on labor incomes and RT consumption. As a result the monetary
policy achieves better inflation stabilization and faster convergence of the debt

ratio to the new target by*.
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Fig.5a-Countercyclical monetary policy and Scenario 2
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Fig.5b-Countercyclical monetary policy and Scenario 3

4 Welfare analysis

To measure the welfare effects of the fiscal consolidation experiment we follow
Ascari and Ropele (2012) using the consumption equivalent measure (CEM)
to compute the welfare-based ratio.!> The CEM defines the fraction of steady
state consumption that households have to give up to permanently reduce public
debt. The welfare ratio is thus the ratio between CEM and the consolidation
size. Since CEM is a welfare cost, fiscal consolidation are welfare improving if
the welfare ratio is negative.

Welfare effects are reported in Table 2. In the post-consolidation steady state
(first row), RT consumers unambiguously benefit from the fiscal consolidation.
Indeed, they gain about an extra 8% of consumption. Ricardian consumers
benefit from a far smaller welfare increase. Given that in the new steady state
these households consume less and work more, this result is entirely determined
by the beneficial effects of increased public consumption G, as documented in
Table 1.

Let’s now consider the distributional effects during the transition, according
to the different policy scenarios. RT households unambiguously suffer, irrespec-
tive of the policy scenario that is being implemented. The reason why this
happens is that even when fiscal stabilizers are used to support their consump-
tion, their welfare during the transition is reduced by the public consumption
contraction. Their preferred policy Scenario is 4a, which entails an output gap
targeting using both interest rate and tax rules. In spite of the favorable in-
come redistribution obtained under transfer policies, Scenarios 3 and 4b are not
particularly helpful for RT households. The reason lies in the quicker consolida-
tion process, associated to a less persistent fiscal support to their consumption

12 Appendix C shows the derivation of the consumption equivalent measure and of the
welfare-based ratio.
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relative to what happens when tax stabilizers are implemented.

Ricardian households preferred Scenario is 2 that, relative to cases 1 and
3, is characterized by a prolonged persistence of their consumption above its
post-consolidation steady state level. Differently from what happens to RT
consumers, the inclusion of an output gap feedback in the Taylor rule brings no
benefit to these households.

Table 2-Welfare Effects

Scenarios  Welf. measure Ricardian h. Non-Ricardian h.

WRI,o vun  -0.0250 8.36
! WRY 0t vun -0.2950 4.42
2 WR o v 15750 1.73
3 WRY0rt vum  0-2050 3.93
4a WRont yun  -1.5250 1.26
4b WRY, .. 0.1650 2.58

short _run

All the values are expressed in percentage terms

5 Extensions: The Zero Lower Bound Issue

In this section we consider the implications of implementing consolidation plans
associated to higher initial levels of public debt (b; = 100%, b;, = 120%). Under
these assumptions, all previous results qualitatively hold, but the amplitude of
short and long run adjustments is obviously larger. Our calculations show that
under LAMP, but not under the representative agent assumption, the initial
output slump may cause an inflation fall so strong that the interest rate gets
very close to the zero lower bound (ZLB henceforth, Figures 6 and 7).!3 Note
that attempts to stabilize the economy by reducing taxes (Scenario 2), while
unambiguously effective and desirable for their effects on welfare, typically gen-
erate a stronger reduction in the nominal interest rate. Thus we observe an
apparent tradeoff between the beneficial welfare effects of tax stabilization poli-
cies and the fragility of the macroeconomy, defined as the increased probability
of hitting the ZLB. This result is better understood taking into account that the
tax rule raises output but lowers marginal costs and therefore reduces inflation.
This is the key factor that drives the nominal interest closer to the ZLB under
Scenario 2. By contrast under Scenario 3 (public transfers stabilize the econ-
omy) the fiscal policy has no direct effect on marginal costs and the inflation
rate fall is substantially dampened. We do not plot results for large consolida-
tions under scenarios 4a and 4b because the feedback on the output gap brings
the interest rate to the ZLB for the fiscal feedbacks calibrations adopted in the
previous section.

To better understand the features of the fiscal-monetary policy mix under
Scenarios 4a and 4b, for any value of the parameters dg, d; in the range [0.5, 3]

13We assume that steady state inflation is 2%.
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we computed the highest value of parameter (;5: in the Taylor Rule (6) that is
associated with positive nominal interest rates in all quarters of the consolida-
tions episodes.!* Figures 8 and 9 show that strengthening parameter d;in (5)
also allows to implement a more aggressive output feedback in the Taylor rule,
whereas the choice of dp in (4) has no practical effect on the maximum value of

-

Nominal interest rate Nominal interest rate

Scenario 1 without LAMP

Scenario 1 without LAMP

2 —— Scenario 1 with LAMP 2 —— Scenario 1 with LAMP
—— Scenario 2 —— Scenario 2
——Scenario 3 —Scenario 3
1 1
0 0
0 10 20 30 40 50 60 0 10 20 30 40 50 60
quarters quarters

Fig.6-Nominal interest rate path  Fig.7-Nominal interest rate path
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Fig.8 - Fiscal consolidation from 100%

MPparameters o, 61 identify the strength of the output feedbacks in the fiscal rules (4) and

(5),
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6 Conclusions

This paper shows that an appropriate mix of fiscal and monetary policies can
substantially ease the strain typically associated to fiscal consolidations. The
public expenditure reduction should be supported either by a temporary public
transfers increase or by a tax rates fall that undershoots their new post consol-
idation values. Such policies have a strong stabilizing effect on the disposable
income of RT consumers. This, in turn, stimulates demand and supports growth.
As a result, the pace of debt reduction is substantially preserved because the
revenues loss from lower tax rates (larger transfers) is largely compensated for
by an increase in the tax base. The result is even strengthened when the mon-
etary authority targets both inflation and output gap. In this case the stronger
interest rate fall is beneficial because it exploits the complementarity between
the consumption of Ricardian households and the disposable income of RT con-
sumers.

Our analysis shows that choosing tax reductions generates larger welfare
gains, but transfers reduce the risk of hitting the ZLB because they have a rela-
tively stronger impact on inflation. This latter result has potentially important
implications in the current EMU predicament, where perypheral countries are
striving to reduce debt-to-GDP ratios but the ECB interest rate policy is already
constrained by the ZLB. In fact our results suggest that expenditure reductions
should be complemented by fiscal stimuli that limit further downward pressure
on inflation. We leave this for future research.
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7 Appendix A: The Model

In this Appendix we lay out the full model structure.

7.1 Households

There is a continuum of households indexed by i, ¢ € [0,1]. RT (rt) and
Ricardian (o) agents are respectively defined over the intervals [0, ] and [, 1].
All households share the same utility function.

Ui = B> B {m (ci —bei_,) — (1‘5’; 5 ) e Gt} (A1)
t=0

7.2 Consumption bundles

The consumption good is assumed to be a composite good produced with a
continuum of differentiated goods ¢} via the Dixit-Stiglitz consumption basket

of household i:
: 1 n-1 T
cp = [/ c(2)," dz}
0

where 1 > 1 denotes the elasticity of substitution across different varieties of
goods. The set of demand equations is:

1

1 =
P, = (/ p(2) " dZ)
0

defines the aggregate price consumption index.

where

7.3 Labour market structure

It is assumed a continuum of differentiated labour inputs indexed by j, j €
[0,1]. Following Schmitt-Grohé and Uribe (2005), household 7 supplies all labour
inputs. Moreover, as it is a common practice in the literature on LAMP in
DSGE models, for sake of tractability, we assume that the labor supplies of the
two households groups are perfect substitutes in production (Gali et al., 2004,
2007; Bilbiie, 2008; Colciago, 2011; Furlanetto and Seneca, 2012 ;Motta and
Tirelli, 2012 and 2013). This assumption is not realistic, but is consistent with
the stilized fact that wage dispersion does not seem to exhibit much variation
at business cycle frequencies (Krueger et al. 2010; Heathcote et al. 2010;
Maestri and Roventini, 2012). Further, dynamics that typically arise in LAMP

21



models are determined by the profit margins variations associated to changes
in real wages earned by RT consumers. By contrast, cyclical variations in real
wages earned by Ricardian households are entirely offset by the corresponding
changes in profit margins. In this regard, our results should survive richer
labor market characterizations, such as in Lansing and Markiewicz (2013) who
allow for capital-skill complementarity, where the Ricardian agents are viewed
as skilled whereas RT households are not. One related issue is that the two
households groups might supply different amounts of labor at the given wage
rate. Under a fiscal consolidation this would imply that consumption differences
would be partly substituted with leisure differences.

Labor type-specific unions indexed by j € [0, 1] have some monopoly power
in the labour market and make wage-setting decisions. Given the wage W}/
fixed by union j, households are assumed to supply enough labour A to satisfy

demand. That is,
N
t Wt t
where n,, > 1 is the elasticity of substitution across different labour inputs,

(1-ny) \ T=ma)
) dj is the

h{ is the aggregate labour demand and W; = < fol (Wtj
aggregate wage index. Asin Gali (2007), it is assumed that the fraction of Ricar-
dian and non-Ricardian households is uniformly distributed across unions and
the aggregate demand for each labor type is uniformly distributed across house-
holds. Therefore optimizers and rule of thumbers work for the same amount of
time. The labour supply, which is common across households, must satisfy the
resource constraint hf = fol hldj. Combining the latter with the labor demand

equation we get:
1 j —Nw
W,
hi = hy —L dj
t t /0 < W, ) 7

7.4 Ricardian Households

Ricardian households have access to market for physical capital and to contin-
gent nominal assets. In each period asset holders can purchase state-contingent
nominal payment X, ;in period ¢t + 1 at the cost Eyr; 41 X¢y1 Where ry 1y is a
stochastical discount factor between periods ¢ and ¢ + 1. Moreover, optimizing
households must pay taxes on labor income and capital, respectively denoted as
7% and 7F. However, a tax allowance is in place for depreciation.

Therefore, the ricardian household’s period by period budget constraint in
real terms reads as:

t

3 X
Eyry pp1Te01 + ¢ + i = — (1=7F) [rfu — a(w)] K+
t
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1 j —Nw
M w
+7F 0K + + (1- T?) hf/ w! <f> dj + dj

0 Wt

where 7’% = %ﬁ is the real payoff in period t of the nominal state contingent
assets purchased at ¢ — 1. 42 denotes the real purchases investment goods at
time t.

It is assumed that Ricardian households own physical capital K}, accumu-
late it and then rent it out the firms at a real interest rate 7F. Moreover, the
optimizers can control the intensity u; at which the capital is utilized. Hence,
the cost of capital depends upon the degree of utilization a (u:) and it is defined
as a(ug) = 7 (g — 1) + % (uy — 1)°. Following CEE (2005) the function sat-
isfies a (1) = 0 and &’ (1),a” (1) > 0. Ricardian households also receive firms

dividends, d¢, and returns from financing the working capital of firms!®, d}V#.
The gross rate of inflation is 7, = Pf’il.

The capital stock evolves according to the following law of motion:

fa = - orp vig -5 (5 )]

Xl
i1

where § is the deprecion rate of capital. The function S introduces the adjust-
ment costs on investment and satisfies the following properties: S (1) = S’ (1) =
0, 8" (1) > 0.

Hence, the Lagrangean reads as:

- U (cfys (z) - bc%rs—ﬁ hiss (i) +
?:g + (1 - Tt+s) [Tt+sut+s —a (ut+s)] Kf+s+
+Tf+sqt+55Kf+s+
L w o\ T +
ra- st gyl (B2) s
Fdi s = Rigsttst18t4s41 — Clpg — U4

e

+)\?+sqt+s [(1 - 5) KtOJrs + 7:?+s [1 -5 (#)} - Kz?+s+1:|

Yits—1

L=E i A4
s=0

The Ricardian household’s first order conditions with respect to cf, z11,
K7, ¢, and u; are respectively:

1 b3

— =\ A2
g —bef | cf —bc? t (42)
o __ )‘t0+1 A
Al = BRii11 (A3)
Ti41

1> Here we implicitly follow the financial sector characterization adopted in CEE 2005, who
assume that a financial intermediary collects money balances from Ricardian households and
from the Central Bank. Such funds are then used to finance the working capital needs of
firms, and what is left returns to ricardian huseholds. Given that the Central Bank follows
an interest rate policy, explicit modelling of the money market is unnecessary.
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Na = [BEAN (1—780) [rfues —a(uga)] + (A4)
+ g1 (1= 6) + 6417114

= |- () - [s()] o]+
[TS] (]

2.0\ .
—Bqr11A{415i (tﬂ) g (A5)

yO
(23

ay (ug) =18 (A6)
Following CEE (2005), the adjustment cost function is given by:

()4
141 2 \ig—1

7.5 Rule of thumb households

As pointed out above, Non-Ricardian agents just consume current labor income
because they cannot save neither invest. Since they don’t have access to capital
markets, they only pay taxes on labor income and receive transfers from the
government.

Therefore:

b = whd(1 — 1) 4+ TRY! (AT)

The marginal utility of consumption for rule of thumbers is

1 b3

Tt ri Tt ri
it —bcty iy —beg

rt __
A=

(A8)

7.6 Wage Setting

In this model wages are set according to the Calvo (1983) framework. In par-
ticular each period a union faces a constant probability (1 — «,,) of being able
to reoptimize wages. In other words, «,, denotes the degree of wage stickiness.
The unions which are not able to reoptimize the wage index it to a geometric
average of past inflation and steady-state inflation according to the following
rule:

P

t—2

Xw
J A=Xw) — Wi o Xw —(1=Xy
Wi =wj | ( > T =W/ 7Xm )

where the parameter x,, € [0,1] is the indexation parameter.
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Unions, in choosing the optimal wage wyf, have to take into account that
they might not be able to do the same after s periods. If this is the case, taking
into account that all unions resetting at time ¢ choose the same wage, the real
wage at the generic period t + s will be:

s Xw (I—x4)
weps = wy [] B
k=1 Ti+k

Hence, to derive the households’ first order conditions with respect to the
optimal wage, it is possible to pull out the part of the Lagrangean which is
useful for this purpose. In particular, a weighted average of the two households
types utility function is maximized by the optimizing union which will take
into account of not being able to reoptimize in the future. Therefore the union
objective is:

s oy | F7)
h d Mo * Togh—1T
Atts (1 - Tt+s) ht+swt+s (wt ) +

0o Tt+k
R k=1
EyYy  (Baw) . )
s=0 1+ w * ﬂi,(w:—lﬂ— T
—Ags | (L=71) h‘tjl+swt(+s17 : (wt H Hrrt+k>
k=1

where

/\t+s = [(1 - Q) g—&-s + Q/\:-tl-s] (Ag)

is the average marginal utility between the Ricardian and non Ricardian’s mar-
ginal utilities.
The first order condition with respect to the optimal wage is:

0o « (=) s Xw (1—x,,) (=Nw)
w ™ 4T w
;Y (Bow) by, (wti ) (H e ) Atgs X

5=0 s k=1 Titk

id Xw (1=x4)

(My=1) (1 _ .k * H”t+k—1” v

T(l Ts) Wi e —0
k=1 -
it

Atts

The term ("‘7’;7_1) is the markup that would prevail in absence of wage sticki-

1168816 .

It’s now convenient to write the wage setting equation in recursive form by
defining:

16Tn the deterministic steady state it also denotes the wage murkup in absence of trend
inflation or in case of full indexation (this is the case in this paper).

25



o0 * (=Nw)
w— 1) . s w.
flt = l%)wt E, Z (Baw) hff1+s ( t )

w P Wi+
5 _Xuw (1—Xw)>(1_nw)

)\t+s (]. — T?+s) (H 7Tt+k*17r

™
k1 t+k

and

9] s X 1— (=7w)
eem) s a ﬂti_uk_lﬁ( Xuw)
fo, = —wg By Z (Bow)™ hiy gwi ' Un,., H

P
s=0 k=1 t+k

In recursive form:

(M)
-1 w
fi, = (m”i)w;‘h‘f (1 — 7-;1) W A +
w wy
* (Mw=1) 7 Xw _(1—x,) \ 17 7w)
ey (wttl) (W) fn (AL0)
Wy Tt41
and
(1) N M) 7 X (1=x,,) \ (T7w)
w w T w
fgt = — <i) thnt + /BOéwEt < t‘:1> <t> f2t+1
w; w; T4l
(A11)
Hence, the wage setting equation reads as:
flt, = th (A12)

7.7 Firms

Intermediate firms compete monopolistically by producing good z according to
the following technology:

ye (2) = (K; (2))" (he (2)) 077 (A13)

where K (z) is the physical capital stock that firms rent by Ricardian households
and h; (2) is the labor input used by each firm z. In particular it is defined as:

e (2) = 1hi(z)mﬁldjF
([ ()" )

Firms must pay the wage bill in advance of the production. In other words
they are subject to a cash in advance constraint of the form:
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m? 2t = VWil
where m denotes the real money balances by firm z and v is the fraction of
wage Wthh is payed in advance. The wage is lent by Ricardian households
which at the end of the period receive back money at the gross nominal interest
rate.
Therefore the marginal costs the firms have to face reads as:

o= () [t (1) 10

7.8 Price Setting

As for wages, prices are set according to the Calvo (1983) framework. In each
period a firm faces a constant probability (1 — a) of being able to re-optimize
prices. Non re-optimizing firms index their price to a geometric average of past
inflation and steady-state inflation:

P,
Pi(2) = P (2) (é_:) =0 = p, | (2) W?’,lﬂ(l_X)-

The optimal price P/ is chosen in order to maximize the discounted value
of expected future profits. Moreover, it’s important to remind here that only
Ricardian households own firms. Hence, the firms’ maximization problem is:

s P MY, .. _
maXEtZ )\0 P:r_g (Pt kl;ll 71-;(+k717r(1 X) — Pt+smCt+s) Yt,its (2)

subject to:

s X 1 (=n)

Pt* kl:ll 7Tt+k717r( -X) .

Yt,tts (2) = — Pt Yits
s

”S denotes the stochastic discount factor

where y{ is the aggregate demand and
of Ricardian households.
The first order condition with respect to Py is:

1-x)

Py

S X (1=x) (=n) s N }
L meam P*)H_l) (P—) g U

§ : t+s k=1 d Lt
Et 604 )\o s yt+s (Pt H Ttk
H Teik k=1
k=1

n
BECEDRE
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The term @ is the markup which would prevail in absence of price stick-

iness!7.

It’s useful to write the price setting equation in recursive form by defining;:

S
X (1—x
II Terk—T )

* —n—1
— Pt ( ! )E t+8 k=1 d
Ty, = P tz s Yi4sMCt s
! t H7Tt+k
and
s X (1 ) (1_71)
pr\ (™ /\f kl:llﬂwkfﬁr X
n= () AY e B | = i
HWtJrk
k=1

By writing recursively:

*(—n— 7'('X7T(17X) (_7]) * (7"771)
T, :pt( K DyngtJrEt {(504) ;\40_1 <t> ( ‘ft > L P

41 Piy1
(A15)
and
(o 7.[.)(7.1.(1—)() (1=mn) p* (=n)
Ty, = pt( ")yf + E: ¢ (Ba) tH <t> ( . > T2, ¢ (Al6)
Ti41 Py
It’s possible to rewrite the price setting equation as:
Ui
= A17
T2, n— lx.lt ( )
7.9 Aggregation
The aggregate production function is:
Yt = (Uth)l9 h?(l_ﬂ) (A18)
and the aggregate absortion is:
yf = C¢ + ’it + gt + a (Ut) Kt (Alg)

where:

17In the deterministic steady state it also denotes the price murkup in absence of trend
inflation or in case of full indexation.
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ct=(1-Q)c+Qc" (A20)

ih=(1-Q) (A21)
K;=(1-Q)K; (A22)

As for transfers:
TR, = QTR}" (A23)

given that by assumption transfers are assigned to RT consumers only .

7.10 Market clearing
7.10.1 Goods market equlibrium

The expression warranting the equilibrium in the good market is:

Y = sy (A24)

where s; denotes the resource cost due to relative price dispersion in the Calvo
model. It evolves according to:

n
(= T
se=(1—a)p;" +a <tl—x)> Si1 (A25)

ar
t—1
where p}, in the light of the aggregate price index, must satisfy:
am{" ™D (w01 4 (1= a) T =1
7.10.2 Labour market equilibrium

The equilibrium on the labour market is given by:

hi = 5;h (A26)
where 5; denotes the resource cost due to relative wage dispersion in the Calvo
model. It evolves according to:

w\ (—1w) (=) Nw
~ . ’LUt Wt—1 Tt ~
imu-an () e (52) T (i) e e

where it must hold that:

1
(1=n4)\ T-mw)
1— 1— TrXi” 71.(1*Xw)
w7 awwglnu»( =

K

(1 — ay)

*_
Wy =
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7.11 Fiscal Authority
The government budget constraint in nominal tems reads as:
Pth + PtTRt + Bt = PtTf I:’I"fut —a (ut) — qt(s] Kt + P{T?’U}tht + ‘/;Bt+1

where B, is the number of 1 period bonds issued at time ¢ — 1, where reimburse-
ment at maturity is 1 dollar. V; is the dollar price at which the bond is sold at
time t. The gross interest rate is R; = V%

Rewriting the government budget constraint:

Pth —+ PtTRt —+ Bt = Pt’rf [Tfut —a (ut) — Qt(ﬂ Kt —+ PtT?wtht =+ 7Bt+1

R,
Dividing for P;:
B; 1 By
Gt+TRt+E f[?“fut—a(ut)—qt(;] Kt+Ttwtht+Rt Pt
Let’s multiply and divide Bt for Ilz: 1
B; P, 1B
Gy +TR; + 1% Ptt PZ 1 = Tf [Tfut —a(u) — qt§] Ky + 1 havphy + — i ;)—:1
Hence:
b b
Gt + TRt —|— TTt = Tf [rfut —Qa (ut) — qt(ﬂ Kt —|— Tt wtht _|- ;1 (AQS)
t t

where b; = PtB—tl is the real rembursement value of debt.

7.12 Monetary Authority

Monetary authority adjusts the nominal interest rate according to the following

rule:
Ry
R

(2 (%)" (420
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8 Appendix B: Calibration

Calibration of the structural parameter values follows SW (2003) calibration.

Table B1: Parameter Values

Parameter Value
Households
8 1.03(-1/4)
b 0.60
10) 2
o3 1.1196
£ 0.27
N 6
Q 0.50
Oy 0.75
Xw 0.75
Firms
0, 0.30
) 0.025
n 6
« 0.9
X 0.50
v 0.15
Fiscal Sector
by** 60%
tr* = tr** 18%
Tr 52.23%
T 51.86%
T 56.77%
T 56.37%
(Z) = (=) o2%

h h
B 1
ol 0.01
do 0.5
01 0.5
Monetary Authority
O 1.5
by 0.5

Description

Subjective discount factor

Degree of habit persistence

Inverse of intertemporal substitution of labor
Disutility of work

Weight of government expenditures

Wage elasticity of demand for a specific labor variety
Share of Rule of Thumb consumers'®

Calvo wage

Wage indexation

Share of capital in value added

Depreciation rate of capital

Price elasticity of demand for a specific good variety
Calvo price

Price indexation

Cash in advance parameter

Debt-to-output ratio target (annual)
Government expenditure ratio
Transfers ratio

Capital tax rate (old target)

Capital tax rate (new target)

Labor tax rate (old target)

Labor tax rate (new target)

Tax rate ratios
Debt stabilization
Tax rate dynamics

Transfer response to output
Tax response to output

Inflation stabilization
Output stabilization

18 Campbell and Mankiw (1989), Mankiw (2000)
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9 Appendix C: The Welfare-Based Ratio and
the Consumption Equivalent Measure

The Welfare-Based ratio measure described here, follows Ascari and Ropele
(2012).

Define Vi’ and V], as the expected values of A1, respectively at time zero
(when consolidation experiment is actually implemented) and at the initial
steady state (before the consolidation experiment). j = o,rt refers to opti-
mizing and RT consumers respectively.

Determining V], is straighforward:

(1= 8)Chy -~ (hst) ) 4 e Gg

VUJ = old —
ld ld (1 +¢)

1
(-5
where C’(‘)’ld, hsgld and Gq are respectively the pre-consolidation steady state
values of consumption, hours and government spending. Obtaining the solution
for V' requires numerical simulations as it accounts for both the new steady
state and for the transition phase.

Following Ascari and Ropele (2012) V;, and V5 allow to compute the
welfare-based ratio, W R:

WRJ:_<b VE)J_VO‘{(I >

* _ b*
y,old y,new

where the denominator by, ;; — b} .c,, allows to weigh the welfare change by the
size of debt reduction.

Since the utility function is not cardinal, the numerator of the ratio must
be transformed in a measure which can “quantify” the welfare cost (or gain)
of fiscal consolidation. This is obtained computing the consumption equivalent
measure which is defined as the fraction of consumption that households must
give up to permanently reduce debt. The consumption equivalent measure reads
as:

v =1—exp[(1-8) (V§ - V)] (C1)
and the welfare-based ratio is:

WR' = (”) (C2)

* _ b*
y,old Y, new

Since 77 denotes a welfare cost, fiscal consolidation is welfare improving when
the welfare-based ratio is negative.

To disentangle the welfare effects of consolidation during the transition dy-
namics from its the long-run welfare gains, let’s define the long-run costs in
terms of consumption equivalent units as:

’YlJongi’r'un =1- exp [(1 - ﬂ) (‘/7;]6711 - Vo{d)] (03)
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where V], and V,.,, are respectively the value fuctions associated to the old

and new steady-state debt ratios. Hence the long-run welfare-based ratio is:
.
J ong_ run
WRlongirun = <b*_b*> (C4)
y,old y,new
The short-run welfare-based ratio is then:

WRY, =WR' —WR,., run (C5)

short _run
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