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Abstract

We provide a systematic analysis of fiscal consolidation in a dynamic general equilibrium
model with a detailed government sector and a share of credit-constrained households. We
simulate permanent cuts in government consumption, government investment, and transfer
payments and we also simulate permanent increases in the labor, capital and consumption
tax rate. Ordering these consolidation strategies by multiplier size or their welfare conse-
quences leads to very different rankings. With respect to welfare gains cuts in government
consumption rank highest because they yield the largest increase in private consumption in
the short- and long-run, which however comes at the cost of large temporary reductions in
output. Cutting transfers has the largest positive effects on output, yet the welfare conse-
quences rank lowest since labor input does not decrease so that there is no increase in leisure.
Cuts in government investment and capital tax increases have detrimental effects on output
in the short- and long-run. But from a welfare perspective they do not rank lowest because
slow convergence to the final steady state leads to substantial discounting of the implied
long-run drop in consumption. We analyze the short- and long-run transmission channels
of the different consolidation instruments to explain these different outcomes. Furthermore,
we study how the transmission of fiscal consolidation changes in the case of a binding zero

lower bound on nominal interest rates.
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1 Introduction

The global financial crisis of 2008/2009 has led to two waves of strong fiscal policy actions. First,
countries facing deep recessions tried to counteract these with massive fiscal stimuli. The second
wave of fiscal policy actions—fiscal consolidation—started as public debt in many countries
spiralled upwards resulting in sovereign debt crises and the need to bring down debt-to-GDP
ratios.

Regarding the first wave, the effectiveness of fiscal expansion has been widely debated and a
large literature has evolved. The dependence of the fiscal multiplier on the following items is now
well understood: the mix of spending instruments, the share of credit constrained consumers,
the length of a binding zero lower bound on interest rates, usage of lump-sum or distortionary
taxes to return the debt ratio to its initial level, and whether government consumption provides
utility to households or not. Cogan et al. (2010) were the first to analyze implications of the
American Recovery and Reinvestment Act (ARRA) using a DSGE model. Drautzburg and
Uhlig (2011) extended the analysis to a variety of fiscal instruments. Christiano et al. (2011)
focused on the dependence of the government spending multiplier on monetary policy reactions
and Coenen et al. (2012) studied the robustness of fiscal stimulus implications in seven models
used by policy institutions.

In contrast, the literature analyzing the consequences of fiscal consolidation in DSGE models
is still in its early stage. The effects of fiscal consolidation are not just the mirror picture of fiscal
stimulus. First, fiscal stimulus is a temporary policy change that leads to a return to the initial
steady state in the long-run. The purpose of fiscal consolidation is, however, to bring down
government debt indefinitely, i.e. to arrive at a new steady state with a lower debt-to-GDP
ratio. Permanent changes in fiscal policy can have very different implications than temporary
changes. Baxter and King (1993) show using a neoclassical model that permanent changes in
government purchases induce larger effects than temporary changes. Secondly, the zero lower
bound on interest rates works differently for fiscal stimulus, where an increase in interest rates
is delayed, than for fiscal consolidation, where a decrease of interest rates is fully prevented.

Existing papers come to different and sometimes opposing conclusions regarding the short-
run costs of fiscal consolidation. Some empirical analyses (see e.g. Giavazzi and Pagano, 1990,
1996) find that consolidation works expansionary even in the short-run. An important channel
for this effect is most likely an anticipation effect of increases in future income and a consumption
smoothing motive. Others (see e.g. Perotti, 2012) are more cautious and find that a fall in output
has in some cases only be prevented because of currency depreciation.

In theoretical models the effects depend predominantely on the mix of consolidation instru-
ments used, the assumption about the usage of additional long-run fiscal space and the credibility
of announced consolidation plans. Baxter and King (1993) studied permanent change of fiscal
policy in a neoclassical growth model, but did not consider fiscal consolidation, but directly ad-
justed each period taxes to balance the government budget. Several recent papers have studied
the effect of fiscal consolidation directly. Coenen et al. (2008) simulate the effects of a permanent
reduction in the targeted government debt-to-GDP ratio using a two-country DSGE model and

analyse both, the reduction of expenditures and the increase of revenues. They find positive



long-run effects on key macroeconomic aggregates, but large short-run adjustment costs. While
in this paper only one instrument is used at a time, Cogan et al. (2013) study a consolidation
plan that combines expenditure reductions by means of government consumption and trans-
fer payment cuts with reductions in distortionary taxes relative to a baseline scenario of no
consolidation. Incentives to work increase so that hours and income increase in the long-run.
Consumption already increases in the short-run because households anticipate these develop-
ments and smooth consumption over time. Similarly Forni et al. (2010) find that consolidation
combined with permanent tax cuts are optimal because it has expansionary effects in the short-
and long-run. To ensure a decrease in the debt-to-GDP ratio such a scenario requires, however,
much larger expenditure cuts than a scenario without accompanying tax cuts. Erceg and Lindé
(2013) study the effects of fiscal consolidation in a currency union and when the zero lower
bound on interest rates binds. In both cases monetary policy cannot freely adjust the interest
rate downwards and negative short-run implications of fiscal consolidation increase.

All these papers use complex open-economy DSGE models with many frictions. We comple-
ment these analyses by studying a simpler closed economy model. We study the transmission
mechanisms of consolidative permanent changes of government consumption, government invest-
ment, transfer payments, the consumption tax rate, the labor tax rate and the capital tax rate.
We change each of these instruments to achieve savings of 1% of initial GDP and phase in the
change in the respective instrument over one year. Simulations are run under perfect foresight
so that households and firms anticipate future developments. They take consolidation plans as
fully credible and adjust their decisions accordingly. The debt-to-GDP ratio falls endogenously
to fulfill the structurally improved government budget constraint. So, in contrast to most of
the above mentioned studies, we simulate directly the change in the fiscal policy instruments
and study how the debt-to-GDP ratio adjusts, rather than changing a debt-to-GDP target and
letting fiscal instruments adjust via some fiscal feedback rule. We think that this setting reflects
actual fiscal consolidation plans better. After five years of a falling debt-to-GDP ratio, finally, a
fiscal feedback rule kicks in to stabilize the debt-ratio towards a new long-run equilibrium. Here,
we consider two possibilities to use the additional available fiscal space: first, transfers increase
to a new long-run debt-neutral level or, second, the labor tax rate is reduced. We think that
using one instrument for fiscal consolidation and another instrument to stabilize the debt-ratio
in the long-run is a more realistic description of actual consolidation than the scenarios used in
some of the above mentioned studies where the same instrument is first used to consolidate the
government budget and later on the change in the instrument is reversed and the instrument is
even used to expand the government budget by the additional fiscal space available due to lower
interest rate payments.

Using a closed economy model is useful to understand the above cited open-economy model
results better. For example, there are many cases, where the real wage, the rental rate of capital
and thus the capital-labor ratio are not affected at all by fiscal consolidation. So, movements in
these variables which happen in almost all consolidation scenarios in open economy models are
due to additional terms-of-trade movements.

To provide realistic short-run dynamics our closed economy model includes a number of

frictions. Important features that affect the long-run impact of fiscal consolidation are the share



of credit constrained households, the labor supply elasticity, the degree of habit formation, the
productivity of public capital and whether public consumption provides utility to households
or not. Regarding the short-run the same features are important and in addition we include
investment adjustment costs, capital utilization adjustment costs and price and wage rigidities.

After an understanding of consolidation scenarios under a benchmark calibration has been
developed, we analyse the sensitivity of the consolidation effects with respect to the strength
of these different features and a binding zero lower bound on the short-term nominal interest
rate. This exercise is helpful one the one hand to understand the details of the transmission
mechanism of the different instruments as even the closed economy model is quite complex.
On the other hand, with this strategy we can provide ranges of the variations of important
macroeconomic variables that are to be expected under various realistic calibrations. Thus, we
do not use extreme parameter values, but draw on the existing fiscal policy literature and use
for each parameter the maximum and minimum number that has been considered in baseline
calibrations of other relevant papers. Using this strategy we are able to identify some key
implications of fiscal consolidation that are robust to the specific calibration of the model and
also identify which implications are sensitive to the exact modeling choices.

We find that a ranking of consolidation instruments based on output multipliers can be
very different from a ranking based on a welfare criterion. In addition, we show that a welfare
analysis of fiscal consolidation measures can be very misleading if one only focuses on steady state
comparisons. Thus, the transition from the initial to the final steady state is important because
agents discount developments in the far future considerably. Furthermore, are able to explain
the long-run transmission of fiscal consolidation and the consequences for key macroeconomic
variables, such factor prices and factor inputs using some steady state relations. Finally, we show
that the zero lower bound on interest rates can generate adverse economic outcomes, depending
on the length of the period and the choice of the long-run debt stabilization instrument.

The remainder of the paper is structured as follows. Section 2 provides a description of
the model. Section 3 shows the steady state or long-run effects of the consolidation scenarios.
Section 4 studies the transmission of fiscal consolidation in the short-run. Both sections include
a variety of robustness checks and the short-run analysis also includes effects of a binding zero

lower bound on interest rates. Finally, section 6 concludes.

2 A New Keynesian model with a fiscal sector

In this section we give an overview about the main model features. The model is a closed economy
medium scale DSGE model. In addition to standard features like nominal and real rigidies and
supply side driven long run developments the model includes a detailed fiscal sector and some
additional elements that are crucial for the transmission of fiscal policy. The introduction of
credit constrained households and a variety of distortionary taxes leads to non-Ricardian effects
of fiscal policy. Further, we model a number of different fiscal expenditure instruments. The
model consists of two types of households, intermediate goods producers, final goods producers,
a central bank and a fiscal authority. The decision problems of these are described in the

following.



2.1 Households

There is a continuum of households index by j € [0,1]. A share of 1 — ¢ of these households
indexed by o € [0,1 — (] are optimizing households. They make forward looking decisions and
have access to capital markets. The lifetime utility function of each of the optimizing households

o is given by:

o o N
By B |in(Corrs = hCype) = Xo g2t p | (1)
s=0

As in Coenen et al. (2012) Cj, 14 is a household specific consumption bundle,

1 v—1 v—1 v

~ L == 1
CO,t = [K]CU Co,ty + (1 — K]C)VCG:/t :| v—1

(2)

where C,; is consumption of private goods and Cg; is government consumption. k. is a share
parameter and v > 0 measures the degree of substitution between private and public consump-
tion. The parameter h determines the degree of external habit formation with respect to the
aggregate peer group consumption bundle C’;‘t Lso1 1 The weight parameter y, is used to pin
down the steady state level of labor supply N, ;+s. Optimizing households face the following

period ¢t budget constraint

B W,
(14+71)Cor + Lot + ot _ (1- Tt")—o’tht + [(1 - Ttk) [rfut — a(ut)] + Tf&} Koi—1

P Py
Bo,t—l .
+ Rt—l + TROJ + DZ’UOJ (3)
t
and the capital accumulation equation
Io,t
Koy = (1= 8)Kou 1+ [1- 5, - [ 7o (4)
o,t—1

Following Christiano et al. (2005), we assume that it is costly to adjust gross investment. The

adjustment cost function takes the form:

Ioyt > H|: Ioyt :|2
S : = — — — 1] . 5
! <Io,t—1 2 Io,t—l ( )

Optimizing households decide on the holdings of nominal government bonds B,;, the accu-

mulation of physical capital K,;, and the amount of consumption C,; and investment I,;.
Furthermore, optimizing households choose the degree of capacity utilization w;, which is sub-
ject to the cost a(us). They receive wage income W, N, ;, dividend payments from the firms
Div,; and lump - sum transfers from the government T'R,;. Households need to pay taxes on
consumption, labor and capital, 7, T,f , Tf. Capital income taxes are levied on capital income

net-of-depreciation as in Prescott (2002, 2004) and Trabandt and Uhlig (2011). Maximizing the

"Marginal utility of income is identical across Ricardian households, because household members pool their
wage income. Therefore, Co ¢15 = C 14 s—1 holds in equilibrium



utility function with respect to the above constraints leads to the following first order conditions:

1 <éo,t> v (Coi — hé;k,tfl)_l
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where )\, is the Lagrange multiplier on the budget constraint, @); is Tobins’s Q and II;1; is the

gross inflation rate. The effective amount of capital services which is rent out to the firms is:
Kepfor = uthor—1, (11)

and the functional form of the adjustment cost function a(u;) is:

1 1
alug) = irkaauf + (1 — og)ug + ¥ (iaa - 1> ) (12)

where ¢, is the adjustment cost parameters and r* is the steady state rental rate for capital

services.

A share ¢ of the households indexed by r € [1 — (, 1] are 'rule- of - thumb’ households, which
do not have access to capital markets so that the budget constraint involves less terms than for

unconstrained households:

W,
(1+7)Chp = (1 — T:)Tr’tm,t + TR,y (13)
t

"'Rule - of - thumb’ households have the same utility function as unconstrained households.
Their optimization problem, however, leads to fully consuming each period their current income,

consisting of after tax labor income and transfer payments.

2.2 Wage setting

As in Erceg et al. (2000), we assume that each household is a monopolistic supplier of differ-
entiated labor services N; ;. The household sells this labor service to a representative firm that

bundles all labor services into an aggregate labor service Ny using:

1 op-1 %
Ny = ( N; tg“’ di> . (14)
0 K



The demand curve for N;; is given by:

Wi\ %
Ny = : Ny 15
() (15)

In this equation W} is the the aggregate wage index, which is defined as:

1 o
W, = < / w0 dz’> : (16)
0

Optimizing households set nominal wages in staggered contracts. Every period, there is a
probability of 1 — w,, that each household member is allowed to re-optimize its wage. If a
household member is not allowed to set the wage optimally it simply adjusts the wage to past

periods inflation

(17)

P Yw
Wo,t = Wo,t71< ! 1) )

P

where 7, is the parameter defining the degree of indexation.
When an optimizing household is allowed to reset the wage it chooses W, ; to maximize the
intertemporal utility functional (1) subject to the intertemporal budget constraint (3) and the

labor demand equation (15). The resulting first order condition reads

S k n \Woi (Pyr—1\"" O c
Ly Z(ﬁww) (1- THk)PHk- Py - ﬁ(l + Tipk) M RS 4k | Aotk Notrk = 0,
k=0 - w

(18)
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where W(f,t denotes the optimal wage set in period ¢ and MRS, ;1) = AUk JC denotes

the marginal rate of substitution between consumption and hours worked.

As in Erceg and Lindé (2013) we assume, that 'rule-of-thumb’ households set their wage
equal to the average wage rate of the optimizing households. Because both household types face
the same labor demand schedule this assumption implies that the demand for labor is equally
distributed between household types, N, = N, = N;.

The definition of the aggregate wage index in equation (16) implies, that the law of motion

for the wage index is given by:

1-6 *\1—6 Pt—l e =0
W00 — (1= ) (W) + iy W) (19)



2.3 Firms
2.3.1 Final goods sector

A representative retail firm bundles intermediate products 3;; into a composite final good Y}

1o 7
Yt—(/o Yit dJ) : (20)

Given the price p;j; of the intermediate inputs, the retail firm chooses factor inputs y;; to

using a CES aggregator:

minimize the costs of producing Y;. The demand for each variety of the intermediate input can

—0

Pyt
= == Y;. 21
y]yt ( Pt > t ( )

Perfect competition in the final goods market implies that the retail firm sells each unit of output

Yo, =
b = </0 Dt d]> : (22)

2.3.2 Intermediate goods sector

be written as:

at price P;:

There is a continuum of differentiated intermediate goods producers, indexed by j € [0,1]. Each

firm j produces output with a Cobb - Douglas production function,
1—
Yjt = ZtKngt—l eaff,j,th,t ¢ -9, (23)

where Kcfr i+ and Nj; respectively denote effective capital and labor employed by the firm,
with the parameter « defining the elasticity of output with respect to private capital. Following
Baxter and King (1993), K¢ 1 is the public capital stock available in period t, and ky, is the
elasticity of public capital with respect to output. ® are fixed cost of production. Finally, z
is aggregate total factor productivity. Intermediate goods firms buy factor inputs in perfectly
competitive markets. Let w; and rf denote the real wage rate and the rental rate of capital.

Cost minimization implies that real marginal cost are given by

1
(1—a)l-2aq’

1 k -«

mey = () wy

S 24
Zt Kg’ft—l 2

which are identical across firms.

Intermediate goods firms sell their products under monopolistic competition. As in Calvo
(1983), in every period each firm faces the constant probability, (1 — w), of being allowed to
re-optimize its price p;j;. If a firm is not allowed to set its price optimal in period ¢ we follow
Smets and Wouters (2003) and assume that a firm index its price to past period inflation

gl
Djt = (%) Pj,t—1, with the parameter - defining the degree of indexation. If a firm is allowed



to set the optimal price in period t it maximizes

E i(wﬁ)k)\07t+k pit (Prn1 )’ —mc ; (25)
t k=0 Aot [Ptk P t+k | Yj,t+k>

taking the demand for its products as given. The resulting first order condition is

3 Motk [ Pij (Prak-1\7 0
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where py ; 1s the optimal price set in period ¢.

The definition of the aggregate price index in equation (22) implies, that the law of motion

for the price index is given by:

P = oy e (B2) Ra) @

2.4 Monetary Policy

We assume that the central bank follows a Taylor rule to set the nominal interest rate R;:

- ()3 ()T

Yy is the flex- price output level. The parameter pr determines the degree of interest rate

smoothing, whereas the parameters ¢, and d, determine the response to the deviations of infla-

tion from its steady state value and the output gap.
2.5 Fiscal policy

The government budget constraint in real terms is:

R
bt + Ttntht + ’TtCCt + [utrf - a(ut) - 6]7}th,1 = CG,t + IGﬂg + TRt + ];[ L btfl. (29)
t

In this equation, b; = % denotes the end of period ¢ stock of government debt. Government
spending consists of consumption Cg ¢, public investment I ; and transfers T'R; to households.
On the revenue side the government raises taxes on private consumption as well as on labor and

capital income.

The public capital stock evolves as

I
Kgi=(1-dc)Kgi-1+ [1 - SG’t(IGGjl)}IG’t’ (30)

where ¢ is the depreciation rate and Sg; (Ig+/Ig+—1) is an adjustment cost function, which

has the same functional form as the adjustment cost function for the accumulation of physical



private capital.

All government instruments except for one are set exogenously. One instrument needs to be
determined endogenously via a fiscal feedback rule to balance the budget and determine how
the debt ratio bY; is brought in line with the debt-to-GDP target bYj4;gets. In principle one
could choose any of the government instruments to adjust endogenously. To limit the number of
simulations we focus on two cases: first, we study fiscal consolidation where transfer payments,
TR,, are adjusted endogenously and second, we study scenarios where instead the income tax

rate, 7/*, is adjusted endogenously. We assume the following two fiscal rules for the two scenarios,

respectively:
TR bY: —®rR1 bY: —®rR2
t— target,t t—
d 4 [
T path bYi—1 i bYi—1 "
= 1— —_ . 32
Ttril eau:v,teq-n " ( eau:v,t) (by;farget,t b}/t72 ( )

quz,t denotes a dummy variable that can be set to one for a number of periods to eliminate
the endogenous adjustment of T'R; or 7/* and set these instruments exogenously as specified in
ezr}%h and efﬁff”‘, respectively. In this case debt adjusts endogenously to balance the budget each
period. To ensure determinacy which requires a constant long run debt ratio, finally, eq,, needs
to be set equal to zero so that T'R; or 7" adjust endogenously to the debt neutral level where the
debt ratio equals the debt target. The parameters 71 and ®rro determine how fast the debt
ratio converges to the debt target. These parameters enter equation (31) negatively to ensure
that when debt is above the target expenditures transfers are reduced. The parameters .1 and
®_> enter equation (32) positively to ensure that if debt is above target the income tax rate 7;*

is increased until the debt ratio equals the debt target.

2.6 Calibration

In calibrating the model we use mainly the estimates from Drautzburg and Uhlig (2011). They
estimate a similar closed economy DSGE models with many frictions and a rich fiscal sector
on US data from 1947 to 2009 using Bayesian techniques. We use estimates for the US as
our simulation exercise mirrors the US case more closely than for example consolidation efforts
of countries in the Euro area. Some of these countries have experienced high increases in risk
premia which might decrease along with fiscal consolidation. This might have additional positive
effects on GDP which are not captured by our model. While the US debt ratio is increasing and
thus fiscal consolidation is an important topic, risk premia have not risen substantially yet, so
that our model framework is appropriate.

Initial steady state tax rates and the initial steady state debt-GDP ratio are taken from
Trabandt and Uhlig (2011). They use the methodology from Mendoza et al. (1994) to calculate
average effective tax rates. Based on data from 1995 to 2007 the consumption tax rate is set
to 5%, the labor tax rate to 28%, the capital tax rate to 36% and the debt ratio to 64%. The
calibration of the tax rates is important for the results with respect to Laffer curve effects.
Trabandt and Uhlig (2011) show that the chosen tax rates are at least for the US on the left

10



hand side of the peak of the labor and capital tax Laffer curves in a neoclassical growth model
with roughly similar steady state charateristics as the models used in this paper. An increase
in these tax rates will therefore increase tax revenues. For the consumption tax rate they do
not find a peak of the Laffer curve so that also increase in the consumption tax rate will lead to
rising tax revenues. The slope of the Laffer curves does not change much for a range of about
20 to 40% for the labor tax rate and about 0 to 50% for the capital tax rate so that the results
should also give some indication for the effects of fiscal consolidation for somewhat different
initial steady state tax rates.

Drautzburg and Uhlig (2011) obtained time averages of government spending components
from NIPA table 3.1. Accordingly, we calibrate spending on government consumption to 15.22%
(this includes the value for net exports) and spending on government investment to 4% of GDP.
The initial steady state transfer to GDP ratio is implied by the government budget restriction
in equation (29) and other steady state values and yields 7.44% of GDP which is close to the
actual value of 8.47% in the sample used by Drautzburg and Uhlig (2011). The share of credit
constrained households is set to ¢ = 25%. Overall transfers are split up between household types
according to their share in the population. In consequence, consumption levels differ in steady
state. In our setup consumption of credit constrained households is about 81 % of unconstrained
households.

The parameters of the fiscal policy rule are set to ®7r; = 0.25 and $7r; = 5 if equation
(31) is used, i.e. transfers are used to stabilize the debt ratio, and to ®.1 = 0.1 and &> = 2 if
equation (32) is used, i.e. the labor tax rate is used to stabilize the debt ratio. These parameter
values lead to a smooth transition of the stabilizing instrument and the debt ratio to the long
run equilibrium. Using different values hardly impacts the consolidation phase in t = 1, ..., 20,
where eyt = 1 and the debt ratio adjusts endogenously, but only the periods afterwards where
the economy converges to the long-run equilibrium. The efficiency of public capital is set to
ki = 0.05 as in Baxter and King (1993). The depreciation rate of public capital is equal to the
depreciation rate of private capital (g = 0.0145) as in Drautzburg and Uhlig (2011).

The inverse of the labor supply elasticity equals 2.16 which is consistent with microeconomic
estimates (Chetty et al., 2011) and the intratemporal elasticity of substitution is set to one so
that we have a log utility specification. Steady state gross inflation is II = 1 so that there is no
price dispersion in steady state. There are adjustment costs for private capital, x = 4.51, and
for public capital, kg = 7.11, as estimated by Drautzburg and Uhlig (2011). An overview about

all parameters can be found table 1.

2.7 Consolidation Scenario

To analyze the transmission channels of the different fiscal instruments we run consolidation
scenarios where we vary one instrument at a time. Expenditure instruments Cg ¢, I and TR,
are reduced by one percent of initial steady state GDP. The reduction is phased in linearly over
one year. Instruments on the revenue side are the tax rates 7¢, 7}* and 7/°. They are increased so

that revenues for the initial steady state tax base would rise by 1% of initial steady state GDP.
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Table 1: Calibrated parameters

Parameter Value
Discount factor 3 0.99
Intratemporal elasticity of substitution o 1

1 minus weight of public consumption in the utility function x. 1
Inverse of Frisch labour elasticity n 2.16
Degree of habit formation h 0.80
Share of ’rule -of -thumb’ households ¢ 0.25
Steady state labor share N/Y 0.30
Investment adjustment cost private capital 4.51
Private capital depreciation rate § 0.0145
Capital utilization adjustment cost o, 0.7544
Investment adjustment cost public capital kg 7.11
Public capital depreciation rate d¢ 0.0145
Efficiency of public capital in private production xy, 0.05
Capital share o 0.24
Price mark-up parameter 6 2.06
Wage mark-up parameter 6, 3.00
Government consumption share Cg/Y 0.1522
Government investment share I¢/Y 0.04
Transfer share TR/Y 0.0744
Consumption tax rate 7¢ 0.05
Labor tax rate 7" 0.28
Capital tax rate 7° 0.36
Debt ratio bY 0.64
Responsiveness of transfers to debt changes (eq (31)) ®rr2 0.25
Responsiveness of income tax to debt changes (eq (32)) ®rr2 5
Responsiveness of transfers to debt changes (eq (31)) ®.1 0.1
Responsiveness of income tax to debt changes (eq (32)) @2 2
Steady state gross inflation IT 1
Calvo price w 0.81
Calvo wage ww 0.83
Price indexation 0.28
Wage indexation 7y, 0.41
Taylor rule inflation reaction - 1.63
Taylor rule output gap reaction 4, 0.13
Taylor rule interest rate smoothing pr 0.92

This increase is again phased in linearly over one year.? The fiscal-feedback rules are shut-off
for the first five years by setting the dummy variable eqy, s = 1,for t = 1,...,20. Thus, the
debt-to-GDP ratio is reduced endogenously for five years. Afterwards, the fiscal-feedback rule
in equation (31) or (32) kicks in by setting egq+ = 0 and stabilizes the debt-to-GDP ratio at the
level that is reached after five years by increasing transfer payments or decreasing the income
tax rate to the new debt-neutral level. An iterative procedure is used to set the debt-to-GDP

target bY}qrget,t for periods ¢ = 21, ..., 00 to the value of the debt ratio, bY; that is reached after

2The timing of fiscal consolidation is quite important for the short run dynamics. A direct consolidation of
1% of initial steady state GDP in the first quarter via government consumption reductions yields an increase in
the debt-to-GDP ratio over the first few quarters due to a larger decrease of GDP than in the case of gradually
decreasing government consumption. Analysing the effects of the timing of fiscal consolidation is beyond the
scope of this paper. We chose a linear phase in over a short period of time to simulate consolidations that should
start right away, but might include some short term implementation lags.
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five years (t = 20).

3 Long run effects of fiscal consolidation

The effectiveness of different consolidation instruments in reducing the debt-to-GDP ratio and
the multiplier effects on output, consumption and investment are shown in Table 2. The different
columns show multipliers for the different consolidation instruments. The upper part of the
table refers to the scenarios where in the long run transfers increase to stabilize the debt-to-
GDP ratio, while the lower part refers to the cases where in the long run the income tax rate
is lowered to balance the structurally improved government budget. The multipliers shown
denote changes from the initial to the final steady state. The multiplier shown refer to the
impact of a consolidative change in the different instruments on the different macroeconomic
variables. Those entries where the same instrument is used for short run consolidation and long
run budget balancing, i.e. transfers in the upper part of the table and the income tax rate in
the lower part of the table, are not shown. While these instruments are used to increase the
structural government balance in the short run, in the long run lower interest rate payments
allow even larger transfer payments or an even lower income tax rate, respectively, thus leading
to a policy reversal. Therefore, multipliers for these cases are not comparable to the other entries
of the table where the change in the fiscal instrument used for consolidation is permanent and

a different fiscal instrument is used to balance the budget in the long run.

Table 2: Effectiveness of different consolidation instruments

AG = —-ACg/Y —-Alg/Y —ATRc/Y AT* AT ATF
long run balancing via transfer adjustment
ABy/AG -4.23 -3.98 - -4.19 -4.32 -2.48
AY/AG -0.38 -2.11 - -0.37 -0.59 -1.89
AC/AG 0.96 -1.25 - -0.47 -0.75 -1.49
AI/AG -0.38 -2.11 - -0.37 -0.59 -7.45
long run balancing via income tax adjustment

ABy/AG -4.20 -3.98 -4.83 -4.02 - -2.41
AY/AG 0.31 -1.72 0.76 0.30 - -1.42
AC/AG 1.84 -0.76 0.98 0.38 - -0.91
AI/AG 0.31 -1.72 0.76 0.30 - -6.88

Notes: The table shows the steady state effects of fiscal consolidation via different instru-
ments.  Multipliers for the debt ratio, output, consumption and investment are reported. G €
{~Ca:/Y,~Ic:/Y,~TR: /Y, T¢ = —1£C)Y,T" = —1Pw:N: /Y, TF = —(rf — §)7FK:/Y} denotes the
different fiscal instruments in percent of initial GDP. For better comparability the sign of the expenditure
multipliers is reversed so that the table shows how much a specific variable changes in response to a consol-
idative change of a fiscal instrument. Entries where the same instrument is used for short run consolidation
and long run budget balancing are not shown as due to the reversal of the consolidation instrument these
are not comparable to the other entries.

The results show that the long-run assumption is crucial for the effects on GDP and its
components, but not for the size of the debt-to-GDP reduction. If the additional fiscal space
is used to reduce tax distortions instead of increasing transfers than consolidation becomes
expansionary in the long-run for several consolidation scenarios.

The relative ranking of the effectiveness of consolidations via government consumption, gov-

13



ernment investment, transfers, the consumption tax rate, the income tax rate and the capital tax
rate is, however, not altered by the long run assumption. A transfer based consolidation has the
most positive effect on output, and investment. The multiplier is positive for output,consumption
and investment leading to expansionary effects in the long-run. In turn the debt-to-GDP ratio
decreases most. A 1% of initial steady state GDP decrease in transfers reduces the debt-ratio
by up to 4.8 percentage points. Government consumption based and consumption tax based
consolidations are the second most effective way to reduce the debt ratio without causing a
large contraction. A government consumption based consolidation has, however, much more
expansionary effects on private consumption than a consolidation based on increases in the con-
sumption tax rate. The effects of consolidations via government investment, the income and
capital tax rate have least favorable effects. Both tax rates increase distortions and lower po-
tential output. A reduction in government investment reduces the public capital stock which
is used as an input in the production function and lowers via interactions with private capital
and labor potential output, too. A consolidation via government investment yields the most
negative impact on output. In terms of debt-ratio reductions, a consolidation via the capital tax
rate is least efficient. An increase in capital tax revenues leads to a decrease of the debt ratio
of only about 2.4 percentage points and thus about half as much as via the other consolidation
instruments. Debt-reduction via government investment is larger despite the higher contraction
of output. Government investment is one of the demand components of GDP and leads to a
direct reduction of GDP, while the negative effects on GDP from increases in the capital tax
rate fully work through reductions in consumption and investment, which reduces the tax base
and the efficiency of debt reduction. While a consolidation via increases in the income tax rate
also reduce potential output, the effects on output, consumption and investment are much less
negative than those of consolidations via the capital tax rate or government investment.

In the following the specific transmission mechanisms of the six consolidation instruments
will be analysed. Table 3 shows the long run effects of fiscal consolidation for the different
instruments on the relevant macroeconomic variables. To understand these effects it is useful to
look at the key steady state relations. Households set wages in the monopolistic labor market
as a mark-up over the marginal rate of substitution (MRS). The consumption tax and income
tax rate are a further wedge between the real wage and the MRS:

1-7" O

et = g MRS (33)

The optimality condition for capital shows that the steady state rental rate of capital depends
only on the capital tax rate, but not on the other fiscal instruments:

76140
B 1— 7k

’I”k

(34)

Finally, the optimal factor input for the monopolistic intermediate firms yields that mark-up
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adjusted factor prices equal their respective marginal products:

61 K\

w = TMPL,with MPL = (1 — a)z K} (N) (35)
0—1 K a—1

k= —;— MPK with MPK = azK¢} <N> (36)

3.1 Transmission of a government consumption based consolidation

Government consumption does not show up in these steady state relations, but in the resource
constraint. A permanent reduction of government consumption adds otherwise lost resources to
the economy. The strength of this channel depends on the trade-off between partially utility-
enhancing public consumption and the misallocation of resources induced by its production. In
the baseline calibration government consumption does not provide utility to private households
so that misallocation of resources is reduced without any disadvantages. These additional re-
sources can be used to adjust one of the other fiscal instruments. If transfers are increased, this
changes households’ lifetime income. This wealth channel does not change the MRS, but leads
to an increase in private consumption and induces an incentive for households to enjoy more
leisure for a given wage rate because consumption and leisure are normal goods. Still output
decreases as government consumption is one of the demand components of GDP and a decrease
has direct negative impact on output. Output, however, decreases less than one for one, because
of the increase in private consumption. Lower steady state output forces firms to adjust fac-
tor inputs of production. The composition of that reduction depends on relative factor prices,
which the firm takes as given. In equilibrium the real wage rate returns according to equation
(33) to its pre-consolidation level as there is no change in the MRS. The rental rate for capital
is not affected by the change in government consumption and transfers either as can be seen
from equation (34). In consequence firms reduce factor inputs in equal proportions according to
equations (35) and (36).

For the long run assumption of a decrease in the labor tax rate, consolidation is expansion-
ary. The reduction in government consumption is more than compensated by private demand,
because in addition to the wealth channel an additional substitution channel is present. Income
tax distortions decrease, so that households are according to equation (33) willing to supply
more labor for a given wage rate. The reasoning behind this is, that opportunity costs for one
additional unit of leisure increase. In equilibrium factor prices are again unaffected by fiscal
consolidation, so that firms meet the additional demand by an increase of factor inputs in equal
proportions as implied by equation (35) and (36). The resulting increase in hours worked leads
to a rise in the tax base compared to the scenario with long run transfer increases. Therefore, a
relatively large decrease in tax rates is necessary to balance the budget in the new steady state.

For both long run scenarios consumption of ’rule- of - thumb’ consumers increases more than
that of fully optimizing consumers. One reason is that the lower debt-to-GDP ratio leads to
lower interest income of unconstrained households from holding government bonds. A sec-
ond reason is that in the initial steady state 'rule- of - thumb’ consumers’ consumption is lower

than consumption of unconstrained households. The same absolute increase in consumption
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therefore leads to a larger percentage change for ’rule-of-thumb’ consumers. For the long
run scenario with increasing transfers, the first effect is most important as transfers are fully
used to increase consumption by ’rule-of - thumb’ consumers. Changes in capital income for
unconstrained households are quantitatively negligible for changes in consumption and income

differences between the two household types.

Table 3: Long run effects of fiscal consolidation for various consolidation instruments

| Y C I N w C, C, ABy ATR A7l
long run balancing via transfer adjustment
Ca -0.38 096 -0.38 -0.38 0.00 0.82 146 -423 1.12 0.00
Ic -2.11 -1.25 -2.11 -0.24 -1.87 -1.36 -0.85 -3.98 0.62 0.00
TR 0.03 0.03 0.03 003 0.00 -005 035 -48 0.20 0.00
T¢ -0.36 -046 -0.36 -0.36 0.00 -0.59 0.02 -4.11 1.06 0.00
7" -0.52 -0.66 -0.52 -0.52 0.00 -0.72 -0.44 -3.82 1.01 1.32
Tk -230 -1.81 -9.06 -0.06 -2.24 -212 -0.67 -3.01 0.84 0.00
long run balancing via income tax adjustment

Ca 031 184 031 031 000 170 238 -420 0.00 -1.71
Ig -1.72 -0.76 -1.72 0.16 -1.87 -0.87 -0.34 -3.98 0.00 -0.98
TR 0.76 098 0.76 076 0.00 088 133 -483 -1.00 -1.84
T¢ 030 038 030 030 0.00 025 0.8 -409 0.00 -1.64
" 0.12 0.15 0.12 0.12 0.00 0.08 041 -381 0.00 -0.25
" -1.77  -1.13 -857 048 -2.24 -145 0.04 -3.01 0.00 -1.33

Notes: The table shows the steady state effects of a 1% of initial GDP consolidation via different fiscal instru-
ments. Cg, I¢ and TR denote decreases in government consumption, government investment and transfers.
7¢, 7™ and 7% denote increases in tax rates. Tax rates are increased by as much as is necessary to yield a
1% increase in tax revenues based on the initial steady state tax base. All variables are denoted in percent-
age changes except for ABy and A7/" which are denoted in percentage point changes. ATR is expressed as
percentage change relative to initial steady state .

3.2 Transmission of a government investment based consolidation

A permanent decrease in government investment has more complex effects than a decrease of
government consumption. There is again a wealth channel at work that leads to increases in
consumption and reductions in hours worked and if in the long run the income tax rate is lowered
also the substitution channel is in effect. In addition there is a direct cost for the private sector as
government capital is a production factor. A reduction in government capital makes the private
capital stock and labor input less productive. Equations (35) and (36) show that a decrease
of K¢ works like a productivity shift. The strength of this productivity channel depends on
the productivity parameter of the public capital stock kx and the initial steady state share of
public investment. In case of kg = 0 a permanent decrease in government investment would
work exactly as a permanent decrease in government consumption. In any other case, ki > 0,
the effect on output is more negative. Private capital decreases to the point where its marginal
product equals the pre-consolidation value. In turn, private steady state investment falls more
than in the case of a consolidation via government consumption. The marginal product of labor
decreases which leads to a change in the MRS. The wage adjusts accordingly. As equation (34)
shows there is no change in the rental rate of capital. As the marginal product of capital in
equation (36) decreases, the capital-labor ratio must decrease. Investment falls more than hours

worked.
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If in the long run transfers are increased, for the baseline calibration the productivity channel
is stronger than the wealth channel as consumption decreases. If the labor tax rate is reduced
then the substitution effect mitigates the negative effects on output and consumption to some
extent and hours worked increase. Still, overall the effect on output and consumption is negative.
The decrease in potential output by the reduction in government investment is stronger than
the increase by the reduction of the distortionary income tax rate. The negative effects on
consumption for unconstrained households are larger than for ’rule- of - thumb’ consumers for

the same reasons as for a government consumption based consolidation.

3.3 Transmission of a transfer based consolidation

A reduction of transfers and also increases of tax rates have in contrast to government consump-
tion and government investment no direct effect on GDP as they are not demand components of
output. They have, however, effects on consumption and investment and impact GDP indirectly
through these. For the first long-term scenario transfers increase by the additional fiscal space
created by lower interest rate payments due to the temporary decrease of transfers. The long-
run increase in transfers is lower than if other instruments are used for consolidation as there
are no permanent decreases in government expenditure or increases in tax revenues. Transfers
do not show up in the above steady state equations and therefore do not alter any equilibrium
prices or ratios. If there would be no ’rule - of - thumb’ consumers then for the long run transfer
adjustment scenario Ricardian equivalence would hold and there would be no change in output
or consumption. The increase in transfers paid to households would exactly offset the decrease
in interest income from holding government bonds. Due to the introduction of ’rule - of - thumb’
consumers who do not suffer from reduced interest rate income and consume the increase in
transfers, consumption of these households increases and Ricardian equivalence does not hold.
Consequently, output increases slightly to satisfy additional demand. The MRS is unaffected so
that the wage set by households does not change and firms demand a little more labor to pro-
duce more output. Consumption of unconstrained households falls slightly due their reduction
in income from holding government bonds. The rental rate of capital stays constant according
to equation (34) so that capital adjusts upwards until the pre-consolidation capital-labor ratio
is restored.

In case of a long-run decrease of the income tax rate the decrease of transfers becomes
permanent and the above effects are reversed. A reduction of the income tax rate leads via the
substitution channel to a positive effect on hours worked. A change in the income tax rate leads
to changes of the opportunity cost of leisure relative to consumption. This changes the MRS
without affecting equilibrium factor prices. Firms meet changes in demand by an increase of
factor inputs in equal proportions according to equations (35) and (36). These positive effects
of the substitution channel dominate the negative effects from the wealth channel caused by

decreased transfers. Hence, output and consumption of both household types increase.
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3.4 Transmission of a consumption tax based consolidation

An increase of the consumption tax rate makes consumption relative to leisure more expensive
shifting the MRS downwards without affecting the wage or the rental rate of capital as can be
seen from equations (33) and equation (34). Consumption decreases through this purchasing
power channel leading to a decrease in output. According to equations (35) and (36) labor
and capital decrease proportionally. If transfers are increased then at the same time the wealth
channel mitigates the decrease in consumption which leads to upward pressure on output and
factor inputs. Overall, the increase in the consumption tax dominates the increase in transfers
so that consumption, output and hours decrease.

If in addition to the increase in the consumption tax rate in the long-run the labor tax rate
is reduced, than the substitution channel works against the negative effects of the purchasing
power channel and dominates it. The effect on output, consumption, investment and hours
becomes expansionary. For both long-run assumptions the difference in the percentage change
in consumption of ‘rule- of - thumb’ and unconstrained households is again mainly explained by

the lower initial steady state consumption level of 'rule - of - thumb’ consumers.

3.5 Transmission of an income tax based consolidation

An increase in the income tax rate leads to a lower post-tax income and lowers incentives to
work. The substitution channel changes the MRS reflecting the changes of the opportunity
cost of leisure relative to consumption without altering the pre-tax wage or the rental rate of
capital. Therefore, the capital intensity does not change. Labor, capital and therefore output
decrease by the same amounts and consumption decreases. If in the long-run transfers increase
the wealth channel works in the opposite direction for consumption and mitigates the decrease
in consumption, but amplifies the decrease of labor.

If in the long-run instead the labor tax is reduced this reverses the potential negative effects
from the consolidation and the reversal is stronger than the initial increase in the labor tax rate
as there is additional fiscal space available due to lower interest rate payments. Therefore, this
scenario is in the long-run a scenario where distortions are reduced via the substitution channel

and output, consumption and investment increase.

3.6 Transmission of a capital tax based consolidation

An increase in the capital tax rate raises via equation (34) the rental rate of capital. The usage
of capital becomes more expensive. This capital tax distortion channel leads to a reduction
of capital in production and decreases the capital-labor ratio according to equation (36). The
marginal product of labor decreases according to equation (35), too. In response the real wage
and the MRS adjust via equation (33). Output, consumption, investment and hours worked
decrease. The decrease of investment is much larger than the decrease of hours worked. For the
baseline calibration it is quite dramatic: investment decreases by more than 8%. If the addi-
tional fiscal space is used to increase transfers then the wealth channel mitigates the decrease in

consumption somewhat, but puts further downward pressure on hours worked. If instead the la-
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bor tax rate is lowered, than the substitution channel mitigates the decrease in consumption and
hours worked. The effect on hours worked turns positive. However, the effect of the capital tax
distortion channel on output is very strong because of the dramatic decline of investment leading
to a large permanent reduction in output. The differences in the developments of consumption
of 'rule - of - thumb’ consumers and unconstrained consumers are in the case of an increase in the

capital tax rate mainly explained by the loss of capital income for unconstrained households.

4 Short run transmission of fiscal consolidation

For the analysis of the short-run effects we distinguish between three consolidation phases.
During the implementation phase the fiscal instrument adjusts according to the consolidation
plan. This phase lasts from period t = 1 to t = 4. The periods from ¢t = 5 to ¢t = 20 we call
the transition phase. In this phase all fiscal instruments are held constant and the debt-to-GDP
ratio adjust endogenously to its new level. The period thereafter, when the fiscal rule kicks in
at period t = 21, we name the debt stabilization phase. During this phase, one fiscal instrument
is stabilize the debt-to-GDP ratio at its new level.

4.1 Transmission of a government consumption based consolidation

The transmission of a government consumption based consolidation is shown in figure 1. The
solid line shows the long-run transfer adjustment scenario and the dashed line shows the long-run
income tax adjustment scenario.

Government spending is a component of aggregate demand. Therefore, the reduction in
government spending during the implementation phase has a direct negative effect on output.
The drop in output at the end of the implementation phase is less than the overall reduction
in government spending, because the wealth effect leads to a rise in private consumption. The
immediate expansion in consumption is solely due to the behavior of unconstrained households,
who want to smooth their consumption path due to anticipated higher lifetime income. They
finance this increase in consumption with the inflow of funds stemming from the repayment
of government debt holdings, whereas their labor income decreases. The decrease in labor
income, which is identical for unconstrained and ’rule- of - thumb’ households forces the latter
to consume less; their consumption falls by almost 1% during the implementation phase. On
the production side of the economy firms react to the lack of demand by reducing labor input
as well as the amount of capital services. Labor input is reduced more than capital input
because unconstrained households want to consume more and work less due to the wealth effect
and therefore demand a hire wage. Overall, the wage variation is, however, small. Most of
the adjustment in capital services is done via a reduction of capital utilization as households
anticipate that consumption of rule-of-thumb consumers will expand strongly once transfers
increase or the income tax is decreased from period t = 21 onwards so that more consumption
goods need to be produced and thus a high capital stock will be needed. The rental rate of
capital decreases as the large reduction in hours worked reduces the marginal product of capital

services. Due to price and wage rigidities, potential output falls slower than actual output
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leading to a negative output gap at the end of the implementation phase; the movements in
the output gap are, however, very small because the perfect foresight assumption implies that
firms that are able to adjust their prices in a given period, incorporate all future developments
i setting an optimal price so that inefficiencies due to price rigidities are small. Marginal
costs decrease as the rental rate of capital decreases more than the increase in wages. This
puts downward pressure on inflation and leads via the monetary policy rule to a lower interest
rate. The changes in inflation and the interest rate are, however, with about 2 basis points very
small. They are even smaller for the long-run income tax adjustment scenario as firms take into
account when setting the price that the output gap will turn positive between t = 15 to t = 25.
The debt-to-GDP ratio stays more or less constant during the implementation phase despite
the cuts in government expenditures because GDP decreases and labor and capital tax revenues

fall, too, because of a reduced tax base.
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Figure 1: Transmission of government consumption reduction (long-run transfer adjustment:
solid line; long-run income tax adjustment: dashed line)

Notes: Most variables are plotted as percentage changes. Debt-to-GDP ratio, inflation and the interest rate are
denoted in percentage point changes. Consumption and investment are weighted with their initial share of output.
For the output gap level values are plotted.

During the transition phase consumption of unconstrained households continues to increase
towards the new steady state. Due to the consumption smoothing motive, the increase starts on
impact, but it takes a while and continues through the transition phase because of consumption
habits and the availability of additional funds due to debt-repayment during the transition
phase. The increase is larger for the long-run tax reduction scenario as households anticipate
that potential output will increase and consumption will be permanently higher than in the
long-run transfer adjustment scenario. The hump in output is mainly driven by the increase of

consumption and investment increases only little. Accordingly hours worked, capital utilization
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and effective capital increase somewhat. Tax revenues therefore do not decrease further and the
reduced level of government consumption leads during the transition phase to a continuously
declining debt-to-GDP ratio. The increase in hours worked leads also to somewhat more wage
income for rule-of-thumb households and their consumption increases a little.

For the long-run transfer adjustment scenario we observe an increase in investment, while we
observe a decrease in investment for the long-run tax adjustment scenario. These differences are
reflected in the output path. The differences in investment mirror the different developments
in the rental rate of capital and the level of consumption during the transition phase. For the
long-run transfer adjustment scenario the rental rate of capital is depressed for a longer time
before returning to its initial steady state value. Agents anticipate this fall in the rental rate and
react react by increasing investment immediately. This even temporarily increases output above
the scenario where in the long-run the income tax rate is reduced though in the new steady
state output will be lower. It should be mentioned here, that the assumption of rule-of-thumb
consumers is crucial for this investment boom. Without rule-of-thumb consumers investment
would decrease much quicker towards the new steady state as there is no sudden consumption
boom from period t = 21 onwards. For the long-run tax adjustment scenario consumption
increases more than for the long-run transfer adjustment scenario due to the higher long-run
consumption level and the consumption smoothing motive. Investment decreases because agents
anticipate the persistent rise in the rental rate for capital beginning around period ten. The slow
adjustment in investment in both cases is due to investment adjustment costs. The output gap,
inflation and the interest rate reflect the different developments of current and future marginal
cost due to the different development of the rental rate of capital. If the rental rate of capital is
depressed longer, than this puts downward pressure on marginal cost and the output gap and
inflation and the interest rate are lower.

During the debt-stabilization phase the economy improves mainly because of a large increase
in consumption of rule-of-thumb consumers. Consumption of rule-of thumb consumers increases
quickly as they fully consume all additional income available due to higher transfers or a lower
labor tax rate. While the output dynamics during the implementation phase and the transition
phase are roughly similar for both long-run scenarios, during the debt-stabilization phase large
differences emerge. The up-turn in economic conditions is more pronounced if labor taxes
are used as a stabilization instrument, because the reduction in distortionary taxes increases
incentives to work and in consequence fosters a large and quick increase in hours worked. We
also observe some downward pressure on wages. Households are willing to demand lower wages,
because the reduction in the lobar tax rate in fact leads to an increase in the after-tax rate. If
instead, stabilization is done via transfers, output is not lifted above the initial steady state level.
Wages slowly return their initial steady state, the rental rate of capital slowly increases again.
The differences between the two long-run scenarios reflect the differences in the development
of hours worked. If hours worked increase more quickly this leads also to a quicker increase in
the marginal product of capital and a quickly rising rental rate of capital. Inflation and the
interest rate return to their long-run values. The debt-ratio decreases further for a while as tax
revenues increase due to the upturn of the economy. After this overshooting the debt ratio is

finally stabilized at the value reached at the beginning of the debt - stabilization phase.
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4.2 Transmission of a government investment based consolidation

Figure 2 shows the short-run transmission of cuts in government investment. Again the solid
black line refers to the long-run transfer adjustment scenario and the dashed black line refers to
the long-run income tax adjustment scenario. The grey lines show for comparison the effects of
a government consumption based consolidation as discussed above. There are some similarities
for these two scenarios, especially during the implementation and transition phase. With the
start of the debt stabilization period finally larger differences in the strength of the impact on
different variables clearly appear.

A consolidation via government investment would have exactly the same effects as a cut in
government consumption for the case of k; = 0. But even if k; > 0 - and in particular x; = 0.05
as in the baseline calibration - the impact of a change in government investment is not directly
different from the impact of a change in government consumption. Only the induced change
in the public capital stock leads to differences. The red line in the graph on the lower right
shows the change in the public capital stock. The public capital stock decreases gradually over
time and therefore the impact of changes in government investment via public capital on other
variables are zero on impact except for anticipation effects about the decline in public capital.
Only over time the productivity of private capital and labor input are reduced substantially

through the decrease of public capital.
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Figure 2: Transmission of government investment reduction (long-run transfer adjustment: solid
line; long-run income tax adjustment: dashed line)

Notes: see figure 1. Grey lines show for comparison the simulation results from figure 1 (government consumption
reduction). The red line in the bottom right picture denotes the public capital stock.

Government investment is a demand component of GDP as government consumption and

therefore, a cut leads during the implementation phase to a similar negative effect on output.
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The negative effects are somewhat more pronounced because unconstrained households are less
willing to increase consumption compared to a government consumption based consolidation
as they anticipate that potential output will be lower in the new steady state. In addition,
the real wage falls rather than increases. This reduces labor income for both households and
mutes consumption, in particular for rule-of-thumb households. Their consumption drops on
impact as hours worked are reduced due to lower demand by the government. The debt-to-GDP
ratio increases marginally more than in a government consumption based consolidation over the
course of the implementation phase.

With the beginning of the transition phase the debt-to-GDP ratio starts to decline as output
is boosted by an investment cycle and the continued increase in consumption of unconstrained
households so that the tax base does not deteriorate further. The effect on private investment
is more positive than for the government consumption based consolidation as a part of it is used
as temporary substitute for public investment. Firms react to the investment boom and the
increase in consumption by increasing labor and capital inputs. The increase in labor income
leads to a slight increase of consumption of rule-of-thumb consumers during the transition phase.
In contrast to the above scenario, we observe a persistent decrease in the real wage. This is
due to the lower factor productivity induced by the fall in the public capital stock. As one can
see in the bottom right graph the public capital stock (red line) deteriorates rapidly. At the
end of the transition phase it is about six percent lower than in the initial steady state. Still
a productivity parameter of ki = 0.05 leads to limited declines in the productivity of labor
and private capital during the transition phase. Furthermore, the boom in investment and the
increase in hours worked offset some of the negative effects from the reduction of the public
capital stock. Overall, consumption is quite a bit lower due to the lower long-run level, but the
differences of a government investment and a government consumption based consolidation for
output are not very large during the transition phase. The output gap, inflation and the interest
rate fall more than before and stay below their long run steady state persistently as marginal
cost decrease more due to the decrease in the rental rate of capital and the real wage.

At the beginning of the debt stabilization period economic conditions start to temporarily
improve because of either the increase in transfer payments or the decrease in the income tax
rate. Accordingly, consumption of rule-of-thumb households rises for a while. Unconstrained
households, however, smooth consumption so that their consumption slowly starts to decrease
as the public capital stock and therefore potential output continue to drop. A larger decrease is
only prevented by the very slow convergence of the public capital stock towards the new steady
state so that the very long-run developments are substantially discounted. In the new steady
state the public capital stock is reduced by 25%. Half of this adjustment is reached after 12
years and it takes 19 years until two thirds of the convergence are obtained. So, despite the
long-run reduction in output, consumption and investment documented in table 3, consumption
of both household types is above the initial and the final steady state during the first years of
the debt stabilization period. Due to anticipation of the negative long-run developments, the
increase in aggregate consumption is, however, lower than for a government consumption based
consolidation and the stimulating fiscal policies do not lift output above the initial steady state

level even if the income tax rate is lowered. Finally, consumption turns negative after 19 years
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and 33 years for the long-run transfer and long-run income tax adjustment scenario, respectively.

4.3 Transmission of a transfer based consolidation

Figure 3 shows the impact of a transfer based consolidation strategy. The grey lines show
again for comparison the effects of a government consumption based consolidation. A transfer
based consolidation strategy does not lead to such a strong decline in output as the other
expenditure based consolidations because output is not directly affected by the transfer cuts,
but only indirectly via the impact on consumption and investment. Accordingly, the debt ratio
starts to drop on impact. The movements in output are small during the implementation phase
and mainly due to the drop in consumption of rule-of-thumb consumers. They must reduce
consumption directly, because of lower transfer payments. Their consumption drops more than
in the aforementioned scenarios, where the reduction in consumption was solely due to lower
wage income. As the overall fall in production is lower than in the previous scenarios, hours
worked, and the capital utilization rate fall less and in turn the rental rate of capital drops
less sharply and wages increase only slightly during the implementation phase. Further, the
drop in inflation and the interest rate is lower than in the previous scenarios and they even
increase for long-run tax cuts as the rental rate of capital increases after a while, which leads to
increasing marginal costs. Consumption of unconstrained households barely moves at all. For
them Ricardian equivalence applies and the reduction in transfers and the debt repayment offset
each other. Only in case of long-run tax cuts potential output increases in the long-run and due to
consumption smoothing consumption of unconstrained households starts to increase on impact.
While the long-run reduction of the income tax rate is the highest for all considered consolidation
scenarios the implied increase in income is, however, partly offset by the permanently reduction
of transfers by 1 percent of GDP in this scenario leading to a modest increase in consumption
only.

During the transition phase consumption of rule-of-thumb consumers stabilizes at the level
reached at the end of the implementation phase as there are no further transfer cuts. Con-
sumption of unconstrained consumers remains more or less constant for the long-run transfer
adjustment scenario because of Ricardian equivalence, while it continues to increase slightly for
the long-run tax cut scenario because of consumption habits. The dynamics of output during
the transition phase are driven by the investment dynamics which are very similar to the gov-
ernment consumption based consolidation. In case of long-run transfer adjustments investment
increases temporarily as the rental rate of capital remains below steady state for a long time
and thus using capital in production is cheap. In case of long-run tax cuts, the rental rate of
capital starts to increase above steady state during the transition phase, the usage of capital
becomes more expensive and in addition the increase in consumption of unconstrained house-
holds prevents larger amounts of investment. Compared to the former scenarios the economy
as a whole is not so much depressed, which further promotes the reduction in the debt-to-GDP
ratio. A transfer based consolidation achieves the largest reduction in the debt-to-GDP ratio at

the end of the transition phase of all considered fiscal instruments. As output does not move
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much during the transition phase, capital utilization and hours worked do not drop much, the
variation in the rental rate of capital and wages are small so that the movements in inflation
and the interest rate are even smaller than in the previous scenarios.

During the debt - stabilization phase the adjustment in fiscal instruments leads to an overall
increase in economic activity. The speed of convergence to the new steady state is similar to the
government consumption based consolidation. The long-run effect on output is more positive
than for a government consumption based consolidation as there is no permanent reduction
of government demand. The long-run effect on consumption is less positive as there are no
additional resources usable for the private sector as is the case if government consumption is
reduced. In the case of a transfer based long-run stabilization of the debt-to-GDP ratio the
long-run increase of transfers as a share of GDP is only 1/5 compared to other consolidation
strategies. Furthermore, unconstrained households interest income from holding government
bonds is reduced. Consumption in the initial and final steady state are almost exactly the same.
Only rule-of-thumb households’ consumption is slightly higher in the new steady state as the
reduction in interest rate payments is used to increase transfers which benefits rule-of-thumb
households. For the long-run tax cut scenario output and hours worked increase substantially,

but the effects on income and thus consumption are partly offset by permanent transfer cuts.
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Figure 3: Transmission of transfer reduction (long-run transfer adjustment: solid line; long-run
income tax adjustment: dashed line)

Notes: see figure 1. Grey lines show for comparison the simulation results from figure 1 (government consumption
reduction).
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4.4 Transmission of a consumption tax based consolidation

Figure 4 shows the effects of a consumption tax based consolidation (black lines) again com-
pared to a government consumption based consolidation (grey lines). The decrease in output
during the implementation phase is as for a transfer based consolidation smaller than for a
government consumption based consolidation as the government demand component of GDP is
not affected. The decline in output during the implementation phase is, however, slightly larger
than for a transfer based consolidation as the effects on consumption of unconstrained house-
holds and on investment are more negative. Unconstrained households anticipate the increase
in the consumption tax rate over the first four quarters and bring consumption forward to the
first two quarters before it becomes more expensive leading to a small increase in consumption
of unconstrained households on impact. If there would be no phase-in of the consumption tax
increase over four quarters than consumption would drop on impact. Thereafter, they start
to reduce consumption smoothly because of the anticipated lower long-run consumption level
caused by loss of purchasing power. The reduction for rule-of-thumb households is more rapid
as the increase in the consumption tax rate directly leads to a smaller amount of consumption
goods bought each period. Firms respond to the lack in aggregate demand by employing less
labor and capital services, which lowers income for households. The reduction in income forces
rule-of-thumb consumers to consume less. The debt-to-GDP ratio starts to decline on impact
as consumption tax revenues increase. The increase in consumption tax revenues is muted by

the declining consumption tax base.
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Figure 4: Transmission of a consumption tax increase. (long-run transfer adjustment: solid line;
long-run income tax adjustment: dashed line)

Notes: see figure 1. Grey lines show for comparison the simulation results from figure 1 (government consumption
reduction).
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During the transition phase consumption of unconstrained households continues to converge
to the new steady state. Consumption of rule-of-thumb households stabilizes at a low level as
there is no further increase in the consumption tax and the decline in hours worked is small and
partly offset by the increase in the real wage. Investment dynamics are similar to the government
consumption and transfer based consolidations and are induced by the same transmission chan-
nels discussed above. In response to the smaller movements in hours worked, capital utilisation
and effective capital, the movements in the rental rate of capital and wages are less volatile than
for a government consumption based consolidation. Accordingly the movements of inflation and
the interest rate are also muted.

When the fiscal rule kicks in at period ¢ = 21 output picks up rapidly. An increase in
transfers stimulates consumption of rule-of-thumb households directly. Firms hire more labor
to produce the additional demand, which leads to an increase in income for both household
types; the consumption path of unconstrained households continues, however, the same path
as in the transition phase as they fully anticipated the income increase from period t = 21
onwards. Even more effective in increasing output is the reduction in the labor tax rate. One
reason is that lower distortionary taxes increase incentives to work. Hours worked increase a lot,
leading to higher wage income. After-tax income is further increased by the labor tax cuts. The
convergence of output, hours worked, capital utilization, capital, prices, wages, inflation, the
interest rate and the debt ratio is almost exactly the same as for the government consumption
based consolidation. In the long-run all variables except for private and public consumption
converge to almost exactly the same levels. Public consumption is lower for the government
consumption based consolidation and private consumption is lower for the consumption tax
based consolidation. The differences in public and private consumption between these two
scenarios almost exactly offset each other so that output follows the same dynamic adjustment
path throughout the debt - stabilization phase towards the new steady state for both consolidation

scenarios.

4.5 Transmission of an income tax based consolidation

Figure 5 shows the transmission of an income tax based consolidation (black lines) again com-
pared to the government consumption based consolidation (grey lines). The increase in the labor
tax rate leads on impact to a fall in aggregate consumption, albeit household types are effected
differently. In general, the fall in consumption is due to the reduction in after tax income and the
higher tax distortions on the labor market which reduce incentives to work. Moreover, this re-
duction in work incentives is permanent if in the long-run the debt-to GDP ratio is stabilized via
transfers. Unconstrained households are able to smooth out the reduction in consumption over
time so that the decline during the implementation phase is very small, while ’rule-of-thumb’
households need to adjust their consumption immediately. As less output needs to be produced,
capital utilization falls and effective capital used in production is reduced. The increase in labor
taxes triggers a rise in the real wage because households want to be partly compensated for the
implied reduction in after-tax real wage. The drop in hours worked reduces the productivity of

capital, so that the rental rate of capital falls. Due to the large drop in output, the debt-to-GDP
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ratio does respond only little during the implementation phase.

In the course of the transition phase private consumption remains more or less flat. Con-
sumption of unconstrained households does not move much because of consumption smoothing.
Consumption of rule-of-thumb households is stabilized as there are no further changes in the
income tax rate and therefore in post-tax income. The dynamics for investment are again similar
to the government consumption based consolidation, albeit on a lower level because the long-run
capital stock will be lower. As output and the tax base do not deteriorate further, the debt-to-
GDP ratio falls continuously over the transition phase. The debt ratio reduction reached at the
end of this phase is, however, smaller than for a government consumption based consolidation
as the reduction of the tax base prevents a one-to-one increase of labor tax revenues in response
to the increase of the labor tax rate. Movements in the output gap inflation and the interest

rate are again very small.
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Figure 5: Transmission of an income tax increase. (long-run transfer adjustment: solid line;
long-run income tax adjustment: dashed line)

Notes: see figure 1. Grey lines show for comparison the simulation results from figure 1 (government consumption
reduction).

During the debt - stabilization phase the increase in transfers leads directly to an increase
in consumption of rule-of-thumb consumers, while consumption of unconstrained households
continues to converge smoothly towards the new steady state. The increase in aggregate con-
sumption is, however, smaller than for the government consumption, transfer or consumption
tax based consolidations as the distortionary effects of the permanent increase in the labor tax
reduce incentives to work and thus potential output in the new steady state. If instead the
labor tax rate is reduced in the long-run, this leads to a gradual reversal of the negative effects
of the labor tax increases in the short run. Still, the increase in output is smaller than in the

aforementioned scenarios as the labor tax rate is only decreased by the additional fiscal space
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available due to lower interest rate payments, but not by additional other fiscal space due to
reductions of one of the government expenditure or government revenue components. Further,
convergence towards the new steady state is slower as households postpone the increase in hours

worked partly until the major reduction of the labor tax rate has taken place.

4.6 Transmission of a capital tax based consolidation

Figure 6 shows the effects of a capital tax based consolidation (black lines) compared to a
government consumption based consolidation (grey lines).

A capital tax based consolidation strategy has by far the strongest impact on economic
activity among all considered consolidation strategies. While the consolidation strategies dis-
cussed above showed qualitatively roughly similar dynamics the government consumption based
consolidation, the differences to the capital tax rate consolidation are striking. On impact GDP
declines by more than one percent compared to the initial steady state and drops further to
—2.5% during the implementation phase. On the demand side of the economy this drop in GDP
is to a large extent attributed to the costs associated with capacity utilization which is reduced
by around four percent on impact. A permanent increase in the capital tax rate increases the
equilibrium rental rate for capital services permanently. On impact the rental rate increases by
4%. Because of this instantaneous increase in the rental rate of capital and the anticipation of
the permanent increase households react by reducing capital utilisation and investment consid-
erably. Firms reduce in addition labor input to decrease production. The reduction in capital
input leads to a lower marginal product of labor and, hence, wages fall. The drop in hours
worked and wages leads on impact to less income for rule-of-thumb consumers and their con-
sumption falls. Consumption of unconstrained households even increases slightly as households
have more money to spend on consumption as the payments for investment are reduced. The
debt-to-GDP ratio increases on impact and stays above the initial steady state level during the
whole implementation phase because of the extreme contraction of output.

During the transition phase GDP declines even more, but the debt-to-GDP ratio starts to
come down as the deterioration of the tax base slows down. The further drop in output is
mainly caused by the decrease in investment which started relatively slowly and is increased
slowly over time to minimize investment adjustment costs. Investment falls more than in the
new steady state to decrease the capital stock towards the lower new steady state capital stock.
Capital utilisation which dropped sharply during the implementation phase slowly starts to
increase as investment continues to fall. Consumption of unconstrained households temporarily
continues to increase due to additional available funds because of reduced investment. Complete
consumption smoothing is prevented as the new steady state is approached very slowly because
of slow convergence of the capital stock. Therefore, the strong long-run decrease in consumption
is discounted substantially. While the reduction in investment leads to a further drop in hours
worked, from the middle of the transition period the stabilization of investment and the increase
in consumption of unconstrained households stop the decrease in hours worked and lead to a
partial reversal. Consumption of rule-of-thumb households therefore is stabilized. The drop

in the real wage and the rise in the rental rate lead firms to shift to a more labor intensive
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Figure 6: Transmission of a capital tax increase. Solid line: long-run transfer adjustment,
Dashed line: long-run income tax adjustment

production. While capital and effective capital continue to decrease towards the new steady
state the drop of hours worked is reversed to some extent to substitute for the capital input.
The movements in the output gap, inflation and the interest rate are much larger than in the
previous scenarios. Inflation increases on impact because of the large increase in the rental rate
of capital and thus in marginal costs. Afterwards the output gap and inflation turn negative as
potential output adjusts somewhat slower to the new steady state than actual output because
of price and wage rigidities. While the movements in inflation and the interest rate are larger
than in the previous scenarios they are with 10 basis points still modest. The reduction in the
debt-ratio is smaller than for the other scenarios as output contracts a lot.

During the debt stabilization phase consumption of rule-of-thumb consumers picks up as they
consume all additional transfer payments or income tax reductions. Wages continue to decline
and the rental rate of capital continues to rise. In consequence, hours worked continue to increase
as production becomes more and more labor intensive. This further increases consumption of
rule-of-thumb households temporarily. As capital continues to decline towards the new steady
state, but the level of investment is stabilized, consumption of unconstrained households starts
to decrease. The capital utilization rate increases towards its steady state level so that effective
capital decreases more slowly. Output is stabilized in case of long-run transfer adjustments and
even increases relative to the transition phase in case of a long-run income tax reduction which

spurs hours worked.
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4.7 Fiscal consolidation at the zero lower bound on interest rates

In the long-run the nominal interest rate must return to its initial steady state value, but the
short run transmission simulations have showed that in many cases the drop in output leads to
a temporary drop of marginal cost and inflation so that the nominal interest rate decreases via
the monetary policy rule. The accommodating monetary policy responses to fiscal consolidation
are in all cases small and reach a maximum of —10 basis points for the capital tax based
consolidation combined with a long-run adjustment of transfer payments. Nevertheless, if the
consolidation starts close to zero interest rates, such a fiscal-monetary policy interaction might
become infeasible. In this case a prevention of lower nominal interest rates leads to rising real
interest rates if inflation drops, which reduces consumption and output putting further downward
pressure on inflation increasing the real interest rate further. These movements can potentially
be so strong that the debt-ratio might even increase rather than decrease.

To analyse whether such a situation is realistically to be expected we approximate a binding
zero lower bound by repeating the above simulations but holding the nominal interest rate
constant for either two or four years. Holding the interest rate constant for a longer time prevents
in many cases the simulation algorithm to find a feasible path to the new long-run equilibrium.
Letting the fiscal feedback rule kick in earlier would make these simulations feasible as well.
While it turns out that even in the case of holding the interest rate constant for four years, a
drop in the interest rate is not fully prevented, but just postponed until the interest rate is not
hold constant anymore, we think that this is still a reasonable approximation of the zero lower
bound situation. Our simulation setup abstracts from all macroeconomic shocks except for the
deterministic changes in fiscal policy variables. After a period of a four year long zero interest
rate induced by adverse shocks at least a slight increase in the nominal interest rate caused by
positive macroeconomic shocks that is sufficient to allow a decrease of the nominal interest rate
by up to 10 basis points is not too unlikely.

Figure 7 shows the simulation results for a government consumption based consolidation.
The black lines refer to the long-run transfer adjustment scenario, while the blue lines denote
the long-run income tax adjustment scenario. The solid lines show the baseline case of no
restrictions on monetary policy. The dashed lines show the case of holding the interest rate
constant for two years at its initial steady state value and the dotted lines the case of holding
the interest rate constant for four years. Afterwards the monetary policy rule kicks in. However,
directly afterwards very large changes in the interest rate are prevented by the high interest rate
smoothing coefficient. The graph on the lower right shows the nominal interest rate. In fact,
in both baseline cases a permanent reduction of government consumption leads to a fall of the
nominal interest rate of at least four years. Holding the interest rate constant for two or four
years leads to a direct reduction of the nominal interest rate once the monetary policy rule kicks
in. The implications on output and inflation are small except for the case of holding the interest
constant for four years and using transfers for the long-run adjustment. In this case the drop
in output and inflation and the implied increase in the real interest rate reinforce each other so
much that output decreases by more than 4% after one year. Tax revenues fall substantially

and the debt-ratio peaks at an increase of 6.5 percentage points after two and a half years. As
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in our setup we simulate a stabilization of the debt ratio at the value that is reached after the
end of the transition phase, i.e. after 20 quarters, holding the nominal interest constant has also
an impact on the new steady-state, where the debt-ratio is higher rather than lower. Of course,
a policy maker could still choose a final debt-to-GDP target below the initial steady state and
finally reach a lower debt-ratio, but the adjustment would take considerably longer. In case of a
shorter constant interest rate period or a long run adjustment of the income tax the differences

from the baseline simulation are small. Hence, the long-run expectations matter a lot.
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Figure 7: Transmission of a government consumption cut with constant interest rate.

Figure 8 shows the simulation results for the government investment based consolidation
scenario. The effects of holding the nominal interest rate constant are qualitatively very similar
to the government consumption based consolidation. They are, however, quantitatively much
stronger because of the more negative effects of a reduction in government investment on output.
Again, the largest difference from the baseline case is visible for holding the nominal interest
rate constant for four years and adjusting transfers in the long-run. Output drops by 9% and
the debt-ratio increases up to 18 percentage points. But also for the case of adjusting the income
tax rate in the long-run or holding the interest rate constant for two years only, the drop in
output is about twice as large as in the baseline case and accordingly the debt-ratio reduction
is halved.

Figure 9 shows the case of a transfer cut based consolidation. The baseline simulation leads
only in case of a long-run transfer adjustment to a temporary drop in the nominal interest rate.
In case of a long-run income tax reduction, the nominal interest rate even increases slightly by 0.5
basis points. So, holding the interest rate constant is only for the long-run transfer adjustment
scenario contractionary, while there is no zero lower bound problem for the long-run income tax
adjustment scenario. If the interest rate is hold nevertheless constant, this corresponds to an
expansionary monetary policy. Again, the largest effects are visible for the case of a long-run

transfer adjustment and holding the interest rate constant for four years. The effects on output,
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Figure 8: Transmission of a government investment cut with constant interest rate.

inflation and the debt-ratio are, however, smaller than in the previous scenarios because the
decrease in transfers is only temporary and reversed in the long-run. For the long-run income
tax adjustment the increase in inflation is larger than in the baseline scenario, output increases

and accordingly the reduction in the debt-ratio is somewhat higher.
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Figure 9: Transmission of a transfer cut with constant interest rate.

Figure 10 shows the case of a fiscal consolidation via raising the consumption tax rate. The
effects are qualitatively and quantitatively extremely similar to the just described transfer based
consolidation scenario.

Also for the income tax based consolidation scenario shown in figure 11 the effects are similar

to the transfer and consumption tax based consolidations, though somewhat larger. Again, only
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Figure 10: Transmission of a consumption tax increase with constant interest rate.

for the long-run transfer adjustment scenario the interest rate would decrease in the baseline
simulation so that by credibly announcing a long-run adjustment of the income tax rate the zero

lower bound problematic can be fully circumvented.
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Figure 11: Transmission of an income tax increase with constant interest rate.

Finally, figure 12 shows the simulation results for the capital tax based consolidation. In the
baseline simulation the nominal interest rate increases for about one and a half years, but the
decrease afterwards is the strongest and longest of all consolidation scenarios as the effects on
output and inflation are the largest. Holding the interest rate constant for two years leads to
only modest deviations from the baseline scenario where the interest rate would first increase

and than start to decrease after six quarters. Holding the interest rate constant for four years
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has, however, very large effects. In the case of a long-run income tax reduction output falls
by 4% rather than by 2% in the baseline scenario. Accordingly, the debt ratio increases rather
than decreases. For the long-run transfer adjustment scenario the effects of holding the interest
rate constant for four years are dramatic. Output contracts by 14% after one year, inflation

decreases by 2% and the increase in the debt-ratio peaks at above 30 percentage points.

debt ratio output
,,,,, . . — 0 ! .
30} . TR-0ZLB |] L _—_—_—
25t = = = TR-2ZLB |{ [, e
20l S R TR-4ZLB || —Ar o h
R TAU-0ZLB] 6l
1By - - - - TAU-2zLB|{ .
ot TAU-4ZLB) -8f -
: -10
-12
-14 FC
0 10 20 30 40 0 10 20 30 40
inflation interest rate
eSS TR 0.05 ; "
(0] e~ AL
-0.5F
- 0
-1 ,7
-15 0.0
-2F © . .
-0.1
0 10 20 30 40 0 10 20 30 40

Figure 12: Transmission of a capital tax increase with constant interest rate.

Overall, the results show that the choice of the long-run stabilization has an important
impact on the outcomes of a fiscal consolidation that starts when the nominal interest rate
cannot decrease further and the expected economic environment is in a state where this situation
is expected to hold for four years. A shorter constant interest rate period has a much smaller
effect on the consolidation scenarios and the deviations from the baseline results are in many

case negligible.

5 Welfare analysis

Previous works on fiscal consolidation focused on the quantitative effects on macroeconomic
aggregates like GDP and its components. Consolidation strategies that have a positive effect
on output are usually considered to be advantageous over consolidation strategies that have a
less positive or a negative effect on output. In addition to this analyses of the previous sections,
we consider here the effects on welfare which can be very different. Welfare is measured by
the weighted utility of unconstrained and rule-of-thumb consumers. Both consumers’ utility
increases with consumption and decreases with hours worked so that output increasing policies
that lead to a large increase in hours worked, but only a modest increase in consumption might
even be welfare reducing.

Welfare for optimizing households V,, and rule-of-thumb households V. is given by their life-

time utility functions and aggregate welfare V is the sum of both weighted with their population
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shares:

- N
Voy = go 38 [m(co,m = hCoprot) = X7 } (37)
1S9 ~ ~ N1+Ti
Vit = SN In(Cyys — hCryys_1) — Y—2E2 38
it gﬁ [n( s t+s—1) X1+77} (38)
Vi = 1-=0Vor+ Vs (39)

By evaluating equations (37) to (39) for different paths of éo,ta ér,ta Nyt and N, we can assess
whether certain policies are welfare reducing or welfare enhancing and we can rank different

policies from a welfare point of view.

5.1 Steady state welfare analysis

We start by ignoring the short-run transmission effects and compare the steady state effects of
fiscal consolidation on welfare. Therefore, we compute welfare for the initial steady state and
the final steady-state that is achieved in the long-run after the debt-ratio has been reduced and
stabilized by either increasing transfers or decreasing the income tax rate. Welfare for the initial

steady state denoted with ¢ is computed as

- 1 - ot
Vio= ol mCa) x| (40)
- 1 - ra
Vo= o= mC) —x (41)
Vio= (1= OV + ¢V (42)

Accordingly, welfare for the final steady state denoted with f is given by:

1+n

1 ~ o
vio= 1ol mCan) - xpt ] (43)
f 1 A '
Vo= gl mG) X (44)
vio= 1=V + v (45)

As in Schmitt-Grohé and Uribe (2006) we express changes in welfare in consumption equiva-
lence units A as otherwise an interpretation of welfare differences is difficult. A can be interpreted
as the permanent change in consumption that would be necessary to achieve the same change in
welfare as caused by a fiscal consolidation. We can compute this measures separately for both
households types and denote it as A, and A,.. The sum of these two weighted with population

shares gives the aggregate change of welfare in consumption equivalence units A. The three
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measures are implicitly defined by:

1+n

Vi = g lm - ma G 1T (16)
1{rn

Vo= - ma a6 - ] (47)

A= (1-Oro+ (A (48)

The analytical solutions for A,, A, and A are given by:

147
exp ([(1 - BV + XJYT”D
—1

Ao = 01— 1)Cos ()
exp ([(1 - BV + X%D

o (1 =h)Cr ! (50)

A = (1—OAo+CAr (51)

Table 4 shows the results for the welfare comparison of both steady states for the different

fiscal consolidation scenarios.

Table 4: Steady state welfare effects of fiscal consolidation

Ca I TR: 7° " "
long run balancing via transfer adjustment
A 2.20 -0.48 -0.03 0.70 0.99 -1.58
Ao 2.04 -0.60 -0.13 0.55 0.92 -1.95
Ar 2.69 -0.09 0.27 1.16 1.21 -0.49
long run balancing via income tax adjustment
A 0.86 -1.23 -1.46 -0.55 -0.22 -2.59
Ao 0.69 -1.36 -1.57 -0.71 -0.30 -2.96
Ar 1.36 -0.83 -1.13 -0.07 0.02 -1.48

Notes: A denotes the steady state welfare effects of a fiscal consolidation in consumption equivalence units.
Ao and A, refer to the change in steady state welfare for unconstrained and rule-of-thumb households,
respectively. Positive numbers refer to an increase in welfare, while negative numbers denote a decrease in
welfare.

The welfare change in consumption equivalence units reflects the changes in consumption
and hours worked from the long-run analysis of fiscal consolidation in table 3. In particular, the
scenarios where in the long-run transfers are adjusted have a more positive impact on welfare
than the scenarios where in the long-run the income tax is lowered. While the latter strategy
leads to a much more positive effect on output, it increases the opportunity costs of enjoying
one more unit of leisure so that hours worked increase which reduces welfare. For the long-run
transfer adjustment scenario consolidation via government consumption, the income tax rate and
the consumption tax rate lead to an increase in welfare, while the consolidation via the three
remaining instruments leads to reductions in welfare. The differences are large: the steady state
effect of a consolidation via government consumption leads to the same increase in welfare as a

permanent increase of consumption by 2.2%, while a consolidation via increases in the capital
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tax rate reduce welfare by 1.6%. For the long-run income tax adjustment scenario the welfare
effects are overall less positive so that only a government consumption based consolidation
leads to an increase in welfare of 0.83%. The worst effects on welfare has the consolidation
scenario, where the capital tax rate increases and the income tax rate decreases; the welfare
effect is equivalent to permanent reduction of consumption by 2.6%. The ranking of the six
consolidation strategies is similar for both long-run scenarios; only transfers and government
investment based consolidation switch their places in the ranking. The ranking via aggregate
welfare, welfare of unconstrained households and rule-of-thumb households is the same, but the
differences in welfare for the two household types are for some scenarios large.

The welfare effects of a government consumption based consolidation are most positive owing
to the increase in consumption and the decrease in hours worked via the wealth effect. The income
tax based consolidation scenario has the second most positive effects as it leads to a sizeable
decrease in hours worked which also reduces potential output. This shows that such a welfare
analysis needs to be taken with a grain of salt as developments that seem to be negative from
studying output developments turn out to be positive from a welfare perspective. The increase in
welfare is, however, only half as big as for the government consumption based consolidation. The
consumption tax based consolidation makes consumption more expensive leading to less positive
effects on welfare. A transfer cut based consolidation, which leads to the most positive effects
on output, is from a welfare perspective less positive. Combined with income tax reductions
hours worked increase which reduces welfare. Government investment and capital tax based
consolidation have both a very negative effect on potential output and as the effect is so large
consumption decreases a lot and hours worked decrease either only slightly or increase, so that
also from a welfare perspective these are the least favorable consolidation strategies. The loss
in consumption equivalence units is more than 1% larger for a capital tax based consolidation

than for a government investment consolidation.

5.2 Welfare analysis of steady state and transition period

So far, only welfare of steady states has been compared. As the new steady state is reached for
some scenarios only after several decades this analysis is not sufficient. The simulation results
for the short-run transmission of fiscal consolidation in section 4 showed that there are large
temporary movements in consumption and hours worked. These might be important for welfare
analysis as the final steady state is substantially discounted if it is reached in the far future only.

To compute the welfare impact of the whole fiscal consolidation path from period one until
the indefinite future including convergence to the new steady state, we write equations (37) and

(38) recursively:

147

) . NH
o =1 ot — h ot—1) — - o 2
Vo n(Cot — hCot-1) XT0 + B [Vo,t+1] (52)
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Vie = In(Cry—hCri_1) — X T+ + B [Vii41] - (53)
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Evaluating these expressions in t = 1 yields the welfare based on the paths of consumption
and hours worked for all periods ¢t = 1, ..., 0o for the two households types owing to the perfect
foresight assumption. We denote this by V,,; and V,. 1, respectively. Aggregate welfare is thus
given by Vi = (1 — ()V,1 + (V1. The change in welfare relative to a scenario without fiscal
consolidation, i.e. remaining forever in the initial steady state, in consumption equivalence units

is denoted by A,, A and X. These measures are implicitly given by:

147

Vor = %[ln((l—h)(l—i-)\o)éo,i)_Xliin] (55)
1+n

Vo = 5[0 =+ a0Cn) —a T (56)

A= (- QM+ 0N (57)

Hence, the analytical solutions for A\,, A, and X are:

NI
o ([0 - o x5
-1

)\o,l = (1 — h)Co,i (58)
exp ([(1 = B)Vra + X]Yﬁ:])

)\r,l = (1 — h)Cr,i -1 (59)

A= (1=0Xo1 + At (60)

Table 5 shows the computed welfare effects of fiscal consolidation in consumption equivalence
units including the transition and the steady state analysis. We include also the difference
between these values and the values in table 4 (Aq — A, Ao.1 — Ao, Ar.1 — Ar) to isolate the welfare
effects of the transition phase.

The results show that the welfare effects of the transition period should not be ignored.
While the transition reduces in some cases the welfare of rule-of-thumb households relative to
the pure steady state evaluation, aggregate welfare increases in all cases. The size of the effect of
the transition on welfare varies strongly for the different instruments. For a government invest-
ment and a capital tax based consolidation, which had before highly negative welfare effects,
the positive changes are strongest. The welfare effect of a fiscal consolidation via reductions
of government investment increases from —0.5% for the steady state analysis to +1% when in-
cluding the transition period for the long-run transfer adjustment scenario. For the capital tax
based consolidation welfare even increases from —1.6% to about +0.4% in consumption equiv-
alence units. For government consumption, transfer, consumption tax and income tax based
consolidations the changes are much smaller. Overall the changes compared to the pure steady
state welfare evaluation are larger for the long-run income tax adjustment scenario than for the
long-run transfer adjustment scenario because higher steady state labor in the new steady state
is usually not achieved during the implementation, transition and the beginning of the debt-
stabilization period, but only afterwards, which is substantially discounted. These temporary

reductions in hours worked increase welfare so much, that - when including the transition period
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- fiscal consolidation has in general positive effects on welfare or welfare effects that are close to
zero. The only exception is the case of a permanent transfer reduction combined with long-run
income tax reductions where welfare decreases by 1.25%. Interestingly, this is the scenario with

the most positive effect on long-run GDP as shown in table 3.

Table 5: Welfare effects of fiscal consolidation, transition and steady state analysis

Ca I TRc ° " F
long run balancing via transfer adjustment
A1 2.38 0.98 0.01 0.75 1.06 0.44
A1 — A 0.18 1.46 0.04 0.04 0.07 2.02
Ao,1 2.32 0.95 0.01 0.69 1.09 0.37
Ao,1 — Ao 0.27 1.55 0.14 0.14 0.17 2.31
Ar1 2.58 1.09 0.02 0.92 0.98 0.67
Arl — Ar -0.11 1.18 -0.25 -0.24 -0.23 1.16
long run balancing via income tax adjustment
A1 1.19 0.10 -1.24 -0.36 -0.01 -0.58
A1 — A 0.34 1.33 0.22 0.20 0.21 2.01
Ao,1 1.11 0.05 -1.27 -0.43 0.00 -0.67
Aol — Ao 0.42 1.41 0.30 0.28 0.29 2.29
Ar1 1.45 0.26 -1.17 -0.13 -0.03 -0.29
Ar1 — Ar 0.08 1.09 -0.03 -0.05 -0.05 1.19

Notes: A1 denotes the welfare effects of a fiscal consolidation in consumption equivalence units including the
transition period and the final steady state. Ao,1 and A, 1 refer to the change in welfare for unconstrained
and rule-of-thumb households, respectively. Positive numbers refer to an increase in welfare, while negative
numbers denote a decrease in welfare. The rows A1 — A, A\o,1 — Ao, Ar1 — A, measure the welfare effects
of the transition by subtracting the steady state effects from table 4 from the overall welfare effects.

The large differences of the steady state welfare analysis and the analysis including the
transition for government investment and capital tax based consolidations are caused by the
very slow convergence to the new steady state which is, thus, substantially discounted in the
welfare evaluation. During the transition in both cases consumption is above the final steady
state for a long time, while hours are strongly reduced on impact, which leads together to a
strong increase in welfare. For the government investment based consolidation the temporary
increase in consumption even above the initial steady state level is caused by the very gradual
decline of public capital towards the new steady state which reduces the productivity of private
capital and hours worked also very gradually. For the capital tax based consolidation scenario
there is a large initial drop in GDP caused by high capital utilization adjustment costs. This
reduces hours worked without reducing consumption and investment strongly on impact leading
overall to positive welfare effects of the transition period. For the other consolidation scenarios
the impact of the transition period on welfare is positive, but small. There is a continuous
convergence towards the new steady state of consumption of unconstrained households often
combined with an initial drop in hours worked as output is reduced because either government
demand drops during the implementation phase or disposable income of rule-of-thumb consumers
decreases. This drop in hours leads to an increase in welfare for unconstrained households. For
rule-of-thumb households there is the same positive effect of reductions in hours worked on
welfare, but their disposable income decreases temporarily leading to a temporary decrease in
consumption, so that the transition in many cases has a negative effect on welfare of rule-of-

thumb consumers.
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We have done here a welfare evaluation based on a similar model and utility function as used
in previous literature which was restricted to the quantitative evaluation of fiscal consolidation
effects on macroeconomic aggregates without considering welfare implications. One main results
is that from a welfare perspective consolidation scenarios that lead to a decrease in potential
output and thus a decrease in hours worked are favourable. While a useful welfare analysis
must be consistent with the derivation of the first order conditions of households and therefore
must use the same utility function, the results should not be wrongly understood as a policy
recommendation. It might be the case that the welfare function overemphasises the positive
effects of reductions in hours worked. The current model ignores that a reduction in potential
output might lead to an increase in the unemployment rate. There is no unemployment in the
model so that all reductions in hours worked are interpreted as increases in leisure which are
welfare enhancing. A potential quick fix would be to just evaluate the consumption term in
the utility function. We think, however, that it does not make sense to use such a different
utility function for the welfare evaluation as it would not be consistent with the derivation of
the behavioral equations of the households. So, for future research we propose to check the
results for either different utility functions - which are then used for both the derivation of the

model equations and the welfare evaluation - and/or a more rigorous model of the labor market.

6 Conclusion

We provide a systematic analysis of several fiscal consolidation measures using a dynamic general
equilibrium model. We find that ranking consolidation instruments based on a welfare criterion
can lead to very different results than ranking based on the size of output multipliers. For the
latter, a consolidation strategy which relies on transfer cuts has the most favorable effects, while
a consolidation via an increase in the consumption tax rate ranks secondly. A consolidation
strategy based on a reduction of public investment or on increases in taxes on capital has
detrimental effects on output and therefore ranks lowest. If instead, the ranking is obtained
considering steady state welfare, we find that a government consumption based strategy has
the most positive effects, while the transfer scenario ranks somewhere in the middle. Since we
employ a dynamic model we are able to compute welfare consequences of fiscal consolidation,
taking into account the transition dynamics from the initial to the final steady state. We show
that incorporating the transition has important welfare implications. A transfer based scenario
now ranks lowest, whereas the public investment and the capital tax scenario rank in the middle.

Furthermore, we assess the effectiveness of various fiscal instruments in terms of a reduction of
the debt-to-GDP ratio. In general, we find that consolidation scenarios which lead to favorable
output multipliers are also superior with respect to the reduction of the debt-to-GDP ratio.
The choice of the long-run debt stabilization instrument only plays a minor role for the overall
reduction of the debt-to-GDP ratio.

In addition, we provide a detailed analysis of the short and long-run transmission of fiscal
consolidation. For the long-run, we are able to explain the behavior of key macroeconomic vari-
ables, such factor prices and factor inputs using some key steady state relations. Our modeling

strategy therefore improves economic intuition for macroeconomic outcomes of fiscal consolida-

41



tion, which so far is underdeveloped in the existing literature.

Finally, we check the robustness of our results when the zero lower bound on nominal interest
rates is binding. We find that the length of the period of a binding zero lower bound is crucial
for the respective economic outcomes. If the interest rate remains constant for two years the
adjustment path to the new equilibrium is nearly the same as in the benchmark scenario. On the
contrary, we observe a large negative impact for the case where the zero lower bound is binding
for four years. Interestingly, in this scenario the choice of the long-run stabilization instrument

has considerable effects on fiscal policy transmission.
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