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Abstract

After the run up in debt-to-GDP ratios around the world in #feermath of the financial
crisis and the associated lower fiscal space, the questiprudent fiscal consolidation is back
on the agenda. In this paper, | study the macroeconomic ¢atpdins of fiscal consolidation
triggered by the newly introduced "debt brake" in Germanlgjclv dampens the accumulation
of debt. | address this question using a medium-size new &sagn DSGE model for Germany.
The model includes the government debt-to-GDP ratio, govent transfers, labour income tax,
consumption tax and capital tax revenues. | find that thetolietke" enforces fiscal consolidation
in times of economic expansions without constraining fipcdicy makers in times of recessions.
| also find that the debt brake raises the government spenaittgplier initially but not over time.
Finally, the debt brake, with a fiscal consolidation on theegoment spending and transfers side,
leads to a significant stabilization of the private sectahwit increasing the volatility of the fiscal
instruments.
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1 Introduction

During the financial crisis, advanced economies have takeks measures to stabilize the banking
sector and domestic demahdhis has led to a large build up of debt. In Germany, the dei@H®
ratio has increased to 83.2% of GDP after 65.3% in the end @7 28xceeding the reference value
of the Maastricht Treaty by 23%In the United States, the general government gross debbi®-G
ratio increased from 62.1% in 2007 to 97.6% in 2011.

Blanchard et al. [2010] propose in their paper "Rethinkingcdkbeconomic Policy” to reduce
debt targets. They write: "Still, the lesson from the crisisléarly that target levels should be lower
than those observed before the crisis. The policy implicatior the next decade or two are that,
when cyclical conditions permit, major fiscal adjustmentésessary and, should economic growth
recover rapidly, it should be used to reduce debt-to-GDiBgaubstantially, rather than to finance
expenditure increases or tax cuts."

To anchor the indebtedness, Germany’s government intestac'debt brake" in 2013. This
"debt brake" has five characteristics. First, it has no eitglabt target. It is a deficit rule, attempting
to lower the government deficit and allowing the debt-to-GBfforto decline through GDP growth.
Second, the rule enforces a maximum average structural deffi@giB5% of GDP. The target is the
structural deficit not the actual deficit. At the expense of digafpion, this concept has the advantage
of allowing a countercyclical fiscal stance in recessions.rdffdeviations of the structural deficit
from the target level of 0.35% are booked on an adjustmertduatc which must be cleared over
time. This smooths the fiscal consolidation over a longer peteading to less abrupt changes in
fiscal policy instruments. Fourth, fiscal consolidation téged by the debt brake is capped to allow a
maximum adjustment of fiscal instruments of 0.35% of GDP alyiuand last, the consolidaton is
state-dependent, so that the German government will odlyces spending and transfers or increase
tax rates when the economy is not in recession.

In this paper, | study the macroeconomic implications of figmasolidation triggered by the
debt brake described above. | construct a DSGE model withedlelgovernment sector. The model
builds on New-Keynesian DSGE models a la Smets and Wouter§[20@Christiano et al. [2005],
which have shown to fit the data well. Because the focus of thgepis on government debt, |
allow for rich dynamics induced by the interactions betwpetcy variables and debt. Following
Kollmann [1998] and Leeper et al. [2010], government speymdiransfers, income tax, capital tax,

1see Cwik and Wieland [2009] for an overview of the fiscal packagéiseoéleven biggest euro area countries.

>The Maatricht Treaty obliges Member States of the European Union to defiitits exceeding 3% of GDP and debt
levels above 60% of GDP.

3The German debt brake was proposed by griteralismuskommissiort']isigned into law from the German parliament
on the 29th May 2009 and becomes operative in 2011. However, thevitlbe legally binding for the federal government
from 2016 onwards and for the state governments from 2020 onwards



and consumption tax can respond to government indebtediressldition, the income and capital
tax rates adjust to the state of the economy to allow proiyestaxation. Since the literature on fiscal
policy has emphasized the importance of non-Ricardianwuosss in DSGE models, | introduce a
share of rule-of-thumb consumers as described in Gali §2@07] together with forward-looking
households in the model. The model is estimated on Germarfrdatal 983Q1 up to 2009Q4 with
Bayesian techniques using 12 time series. My estimatiorpkaends before the introduction of the
debt brake. To analyze the implications of the debt brakappkment the estimated fiscal reaction
functions with the debt brake policy.

I have three main findings. First, the debt brake works asynicadlyr. In general, after expan-
sionary shocks, government revenues increase, whereadisgeand transfers initially drop. This
improves the government budget and leads government dédit.t@ut this additional fiscal space
has a second round effect on the fiscal instruments. Lower debtes incentive for fiscal policy
makers to lower tax rates and increase structural spen8ioiip lead to an increase in the structural
deficit. The debt brake enforces a faster fiscal consolidatioimies of economic expansion without
constraining fiscal policy makers in times of contractionsimpcks. Second, the debt brake initially
increases the government spending multiplier independietite type of fiscal consolidation. Al-
though a consolidation of spending and transfers leads tora putput favourable outcome. Agents
expect that through the debt brake, the increase in disci@ty spending will be offset faster in the
future by lower spending and transfers or by higher taxeth bbwhich lowers the wealth effect
and encourages private consumption. But after two yearenviiecal consolidation takes place, the
government spending multiplier is lower with the debt braked third, the debt brake stabilizes the
economy, reducing the volatility of key macroeconomic ables without increasing that of fiscal in-
struments. The stabilization is more pronounced for a detkdowith spending-based consolidation,
which is state-dependent and therefore only leads to loaegrgment spending and lower transfers
to households when the economy is growing.

The remainder of the paper is organized as follows. SectiondAges a description of the DSGE
model. Section 3 explains the estimation procedere, sedtgirows the out-of-sample forecast for
the debt-to-GDP ratio and section 5 discusses the implicaf the debt brake. Section 6 concludes.

2 Model

In this section, | develop a New-Keynesian DSGE model thdtides the main transmissions chan-
nels of fiscal policy. Most of the model features are standacdifamiliar from so-called medium

scale DSGE models, as put forward, for instance, in Christetral. [2005] or Smets and Wouters
[2007]. A fraction of the representative households arevénd-looking, smooth their consumption
over time by buying domestic government bonds, own the abgtivck, which is rented together with



labor services to intermediate goods producers on a péyegokriod basis, and pay sales tax, labour
income tax and capital income tax. The other fraction, the-afiithumb consumers, consume their
after tax labour income. They work an equal proportion ofrttieie as Ricardian households and
receive the same wage. Adjusting investment is costly.

| assume there is a continuum of intermediate good prodwgensating under monopolistic com-
petition and being constrained in price setting a la CalvaeyTroduce using a Cobb-Douglas pro-
duction function and rent capital and labour services in petitive factor markets. Labour services
are provided by an intermediate labour union sector, whimblgplabour services from Ricardian
and non Ricardian households and set wages. Wages are &tiakgalvo. Final goods firms com-
bine intermediate goods to provide final goods for privatescomption, investment and government
consumption.

| introduce policy rules for all government instruments e tmodel. Fiscal authorities are as-
sumed to adjust the tax rates, government spending, ansférarwith respect to the current state
of the economy and government indebtedness. The debt brakéesents the policy rules in the
following way. | define the structural government deficit asdieécit, which is present when there
is no adjustment of fiscal instruments to output and the tag [saat their equilibrium value. If the
structural government deficit is greater than zero, the amigumooked on an adjustment account,
which is cleared over time by appropriately adjusting goweent revenues or spending. | close the
model with a characterization of monetary policy in termsanfinterest rate feedback rule. In the
following | give a formal exposition of the model.

2.1 Firms

Final goods are composites of intermediate goods producedbptinuum of monopolistic compet-
itive firms and are used for domestic consumptiop,investment/;, and government spending.
lusei € [0, 1] to index intermediate good firms as well as their products aicég Final goods firms
operate under perfect competition and purchase intereed@ods,Y;(i). They use the following
Kimball aggregation technology with the elasticity of deméeing an increasing function of the
relative price of the intermediate godt(i) and the final good’,

b (Y, -
/0 G (Yt,Ap,t> di=1 1)

G is a concave and increasing function such that) = 1 and ( + )\, ;) is the time-varying price
markup with
InXpy:=0—pp)InX,+pplnd, 1+ Opepi—1 + €ps (2)



The representative final goods firms proddgewvhile minimizing expenditures. The resulting de-
mand function for an individual intermediate good i is giv®n

Yi(i) = i [P ;ﬁ) /0 1 G’(ﬁ“)ﬁ”di @3)

The production of intermediate good$(i), is governed by a Cobb-Douglas production function
. siaa [t NE t
Yi(i) = Zi K7 () [y Lo())] " — '@, (4)

whereL, (i) and K} (i) respectively denote labour and capital employed by fiend® denote fixed
costs of production, which are set to ensure that profits aie inesteady stateq! represents the
labour-augmenting deterministic growth rate in the ecopandZ; governs total factor productivity,
which is given by the following shock process

InZy =p.InZy 1 +e.4 (5)

wheree, ; is iid distributed. LetV; andR} denote the nominal wage rate and the rental rate of capital,
respectively. Minimizing the costs of producing intermegdigoods implies for (nominal) marginal
costs

MGy =a~(1 =) WIW(RE) TN (Z) 7, (6)

which are independent of the level of production and idah@écross firms, because both factors of
production can be adjusted freely across firms.

| assume that price setting is constrained exogenously Bceete time version of the mechanism
suggested by Calvo [1983]. Each firm has the opportunity toghés price with a given probability
1 —¢,. Firms that do not reoptimize in a certain period index theceto steady state inflation, .

The optimal priceﬁt(i) set by the firm that is allowed to re-optimize at time t resuitsrf the
following optimization problem

Sty

max F Z(gpﬁ)s

s=0

= [PO)) = MG | Yirs (i) ™

subject to the demand function defined by{3).

2.2 Households

There is a continuum of households indexediby [0, 1]. A sharel — w of these households makes
optimizing, forward-looking decision. They are indexedjb¢ [0,1 — w). These households have
access to financial markets. They buy and sell government bBpds$ and accumulate physical

*Profits are discounted with the stochastic discount factor of the Ricardiaa;eholds,ﬂ:gj{)‘ , who are the owners
of the firms.




capital K;(7). Given capital utilization costs(u.(j)), they decide how much of the accumulated
capital they rent to firms. They receive wage incoivig(j) L. (j), dividend payments from the firms,
and profits from the labour unions and pay capital tAx consumption tax;{ and labour income
tax 7;* to the government. Their decisions are made so as to maximiggitg function that is
separable in consumptiari(j) and labour supply.;(j). Specifically, | use the log utility function
for consumption to ensure a balanced steady state growhthagaiut forward in King et al. [1988].

1
1+o

By B°1og(Cris()) —

: Lt+s (]) s (8)
s=0

subject to the budget constraint

(14 7600 Craali) + Tl + 22520) < ¢ ) Wil e 0)

dt+sPt+s o s Pt+s
Rk ,gu S ] K S— ] . .
+(1 *Ttk+s) { Lhs TF 1(3) tra-10) - a(utJrs(.]))KtJrsl(])}
t+s
Biis 1(J)Rpas— . Divgy s
Bt i Bset | o g, () + Dt
PtJrs Pt+s
the capital accumulation equation
. : Ii(j .
Kili) = (1= )Kiali) + |15 (7203 1) ©
Ii1(5)
and the definition of employed capital
K7 (j) = u () Ki-1(5) (10)

whered denotes the depreciation rate. | assume for simplicity ttetutilisation costs of physical
capital and physical capital depreciation are exemptea fiaxation as in Coenen et al. [2008]. It
may be costly to adjust the level of investmeht, Here S is the adjustment cost function, with
S(y) = S’(v) = 0andS” > 0 ensures that the steady state capital stock is indepenéléme o
investment adjustment costsd; is an exogenous premium in the return to bonds as in Edge et al.
[2008] given by

Indy = pglndi—1 + €qy (11)

andy, is a stochastic shock to the price of investment relativeotssamption goods of the following
form

Inpe = pplnpe—1 + €.y (12)

5| estimated the model with external habits, price indexaton and wage iiaexand found values close to 0.1. To
keep the parameter space sparse | excluded the exogenous peespieameters. Kiley [2010] finds that introducing
rule-of-thumb consumers can explain a lower habit parameter.

5See Christiano et al. [2005].



The remaining share of non Ricardian households is indexed by [1 — w, 1]. They sim-
ply consume their disposable income, which is given by therdafx wage income and the transfer
payments from the government.

Wtth<3)

(1+7)Cils) = (L= )=

+ T3 (s) (13)

Aggregating over all households implies that overall comgtion is a weighted average of the con-

sumption function of rational and rule-of-thumb consumers
1
C, = / Chidh = (1 —w)Cjs +wCsy (14)
0

Labour packers buy the labour supplied by the householdslabour uniong € [0, 1], package
L, using the following aggregation technology and resell ihi intermediate goods producers.

1 . BB
L= [ / Lt(zyw»dz] (15)
0

(14 Aw,) denotes the time varying wage markup in the labour markeedtdy the moving average
process of the form

In )\w,t = (1 - pw) In A\, + Pw In )\w,t—l + ewew,t—l + €wt (16)

The labour packers maximize profits in a perfectly competigneronment leading to the following
demand for individual labour I.

(14X, ¢)

Li(l) = <W‘;/(tl)> L, (17)

whereWV, is the aggregate wage index. Labour unions allocate anddliffiate the labour services
from the households and set the same nominal wage rate fotygm#s of households. They choose
the wage given nominal rigidities a la Calvo subject to thmla demand equation (17) and the labour
supply decision of the Ricardian households

ﬂ_ (1+7f)
P (1=1)

Ci(4) L (18)

Labour unions that cannot adjust the wage in a given perioexitideir wage to the deterministic
growth ratey and steady state inflation. The wage setting problem for a uhitrcan adjust its wage
in period t,Wt(l), becomes

max By 3 (€wf)* =2 [Wo(0) (yma)* = W] Lo (19)
s=0

:tPt—l—s



2.3 Fiscal authorities

The government raises consumption, capital, and laboumecaxes and decides on government
expenditures subject to the following budget constraint

Ry 1By 1 B,
Gi+Ti+ —— =V, + — 20
¢+ Ty + ) ¢+ 2] (20)
where real government revenues are given by
nWtth k Rfut c
U, = y ——— + T} K1 —a(ut) —0 +tht (21)
P, Py

As in Kollmann [1998], | assume that taxes are adjusted tailsta the government debt-to-gdp
ratio. Additionally, the labour income and capital tax eatespond to the state of the economy to
allow for automatic stabilization i.e. progressive tagati For illustrative purposes, | linearize the
reaction functions, wherg, = 22 defines the percentage deviation of a variable from trénd.

(1-7")Y

o~ o~ Y Ny > > A€
="+ o <BBt1 - Ytl) + &y (Yt) + 7+

_ _ Y~ o N e Y I
7= MR+ o) (BBt_l - YH) + o (V) + 70 + e ®(AV, ACi15p) (23)

TEFK(RK —0)
Y 5 T ~c,€e Y o A~
R = 7405 (B~ Tia ) 470 4 S 8(AT ACrai) (24)

wheregy, ¢} and¢’,§ measure the elasticity of labour income, consumption apitalaax to gov-
ernment debt ang;; and ¢>’y“ the elasticity of the tax rates w.r.t. outpui”?, p* andp® capture the
persistence in the adjustment of tax rates by policy mak&ts, 7/ and7“ are iid shocks to pick
up the residual volatility in the tax rates. The functifbmfft, A/\Ct_l; p) governs fiscal consolidation
triggered by the debt brake, which depends on the value oadhustment accoutCy_, output
growth AY, and the speed of clearing on the adjustment accpurithe term in front of the func-
tion @(Aﬁ, @t_l; p) is the inverse of the tax elasticity of the respective reesnn steady state
or in other words by how much policy makers need to adjust éspective tax rates to increase tax
revenues by 1% of GDP. | will explain the debt brake mechamismore detail in the next subsection.
The fiscal rules for government spending and transfer paynaeatdefined in a similar way.

. . Y ~ . N N P
Gy =p°Gi1 — o <BBt—1 - Yt—1> —¢< (Yt> + Gf — ®(AY;, ACi_1;p) (25)

N N v - N N . P
To=p Ty — o7 <BBH - YH) ol (Vi) + T - ©(AV, AC,13p)  (26)

"Although the reaction functions of fiscal policy makers are expresséatims of linearized variables, the upper and
lower bound on the adjustment account and the state-dependentglearders the adjustment of the government instru-
ments nonlinear, as shown in the next subsection.



Transfers and spending are reduced, when debt increaseseamtreased when output falls below
trend to capture higher transfer payments in recession$igher unemployments benefits. Again,
| account for persistence in the adjustment of the fiscalunsénts and there is possible downward
pressure on spending and transfers through fiscal congotidat

2.4 Structural government deficit

For the evaluation of the fiscal stance, the debt brake usestrinetural government deficit, that is
the deficit which would be present when the economy was on tleaded growth path, instead of
the actual deficit. The advantage of this concept is that inallimr countercyclical fiscal policy but
restrains excessive deficits in the medium run. The modelaatlin the subsections above provides
a natural measure of the structural deficit

Ry 1B
Df:Gf_F]}S_i_%H_\I/f_
t

B4
P4

(27)

Structural government spending, transfers, and tax reggiiijg 7;°, ¥7) are obtained by setting
the output-elasticities of taxes, spending and transéezstto ¢ = 0, gb’; =0,¢j =0, gbg = 0). For
example,

G = 99GF , — of (Bt —Tioa ) + G - 28T ACrssp 29)

Additionally, | assume that the tax base is in steady Steéructural revenues in percent deviation
from steady state are then defined as follows

~ "W FK(RF —6) °C_.
g5 =T g 5 T ( )TS,k+T S

29
Y’Y t Y t ( )

2.5 The debt brake

The debt brake incorporates an adjustment account, whiokfiisedl as the sum of all past and con-
temporaneous deviations of the structural deficit from zaraumthe adjustment account clearing.

0<AC;=(1-p)AC,_1+Df <15 (30)

The lower bound is introduced to correct only excessive &irat deficits not surpluses, whereas
the upper bound caps the maximum amount of fiscal consolidatiery period. The parameter
determines the fraction of the adjustment account, whiatidared every period and calibrated to
allow for a maximum clearing of 0.35% of GDP annually, whishstated explicitly in the relevant
law. The function® is therefore given by

®(AY;, ACy1;p) = pAC, 1Yy — Yies) > 0. (31)

8As | will discuss in section 3, the steady state enforces long-run budtgtde.



I multiply the clearing amount by the Q4-Q4 GDP growth rategéther with the non-negativity
constraint, this ensures that there is only fiscal consatidaaking place when the economy is not
in a recession. Excluding the last te(iﬁ — 2,4) in the equation allows for a stricter version of the
debt brake and triggers a fiscal consolidation independethiedstate of the economy.

2.6 Monetary authorities

| assume that monetary policy is characterized by an inteegts feedback rule as in Smets and
Wouters [2007]. Specifically, | assume for the interest rate

I—pr b

Yi/Yi1 ) ?

e r (32)
(Yt Yo )

&_ Rt—l PR ﬂ 1 E 2
R.  \ R. T Y

where R, is the steady state gross nominal interest rate¥ghds the natural output level defined

as the output level in absence of nominal frictions. The patamr < [0, 1] captures interest rate
smoothing. Finally;; represents a shock to the short-term interest rate notiated for by the
systematic feedback rule. It thus represents a monetaigymiiock

Inry=prInri_1 + ey (33)
The following resource constraint closes the model
Y, =C;+ I; + Gt + Nex; + a(ut)Kt_l (34)

whereNex; is an autocorrelated stochastic shock reflecting the eftdaisanges in foreign demand
on net exports, which is given by

Nexi = ppeaNexi—1 + €nex,t- (35)

| assume that debt, government revenues, transfers andisgemow in steady state at the same rate
as output. Therefore | detrend the variables including thalfisalicy variables with a fixed common
growth trendh?. Then the equations are linearized around the determisigtazly state.

3 Estimation

| use quarterly German data for the period 1983Q1-2009Q4timate the model with Bayesian
estimation techniques and match the following 12 varialieal consumption, real investment, real
GDP, real wages, hours worked, the GDP-Deflator, the shoritatarest rate, government debt, gov-
ernment labour income tax revenues and social securityibations received by the government,
consumption tax revenues, capital tax revenues, and seaatity benefits paid by the governmént.

%A detailed description of the data and the exact measurement equatastatad in Appendix A.
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The debt brake is operative since 2011 and was not affectendehbisions of the German govern-
ment until 2010. Therefore | will assume during estimatioat tine adjustment account is zero and
also®(AY;, AC,_1; p) = 0.1° The estimated model can thus be interpreted as a descriittbe o
behavior of the government, private agents and firms bef@éntinoduction of the debt brake and
serves as a good benchmark to compare macroeconomic owb@ioee and after the debt brake.

| estimate the mode of the posterior distribution by maxingzhe log posterior kernel, which
combines the prior information on the parameters with thelihood of the data. Then the
Metropolis-Hastings algorithm is used to evaluate the wipasterior distribution and the marginal
likelihood of the modet?

A few parameters are kept fixed throughout the estimation. €peatiation ratej, is setto 2.5 %
and the steady state wage mark{pi )\, ), to 1.5. The curvature parameter of the Kimball aggregator

2+ a’

in the goods market, which is given byy = 1/, [Hgii — 11, is not identified. Therefore | fix it

to 10 analogous to Smets and Wouters [2007]. | set ?he guatterld growth ratey to 0.3, which is

equivalent to the average growth rate of real GDP in the data.

Table 1: Calibrated parameters

Parameter Value
0 Depreciation rate 0.025
(14 Xy) Wage markup 1.5
n Curvature parameter Phillips Curve 10
ol Trend growth rate 0.32
b SS debt to GDP ratio 0.52
yr Income tax revenues ratio 0.29
¢ Consumption tax revenues ratio 0.11
vk Capital tax revenues ratio 0.004
t Transfers to GDP ratio 0.18
T SS labour income tax rate 0.46
T¢ SS consumption tax rate 0.15
Tk SS capital tax rate 0.10
G, Government spending to GDP ratio  0.21

The steady-state government debt to GDP rdtjojs calibrated to 0.52, which corresponds to
the mean of this variable using the whole estimation santpl@ 1983 up to now. | calibrate the
steady state tax revenues to GDP ratios in the same way. Thm@aonsumption and capital tax
rates in steady state are calculated to match the tax resgou8DP ratios stated above. Finally,
the government spending to GDP ratio in steady state is gidoe/n to ensure that the government

9The parametep and the upper bound on the adjustment account can be parametomrethér German law and doesn't

need to be estimated.
HAll estimations are executed with Dynare (http://www.cpremap.cnrsrieid3). A sample of 250,000 Metropolis-
Hastings draws was created (neglecting the first 50,000 draws).

11



budget constraint is fulfilled. Sekable 1for an overview of the calibrated parameters.

Table 2: Prior and posterior distributions of the structural parameters

Parameter Prior distribution Posterior distribution
type mean std.dev. mode std.dev. mean 5% 95%
& Calvo wages beta 0.50 0.10 0.57 0.07 0.56 0.44 0.67
& Calvo prices beta 0.50 0.10 0.92 0.02 0.91 0.88 0.94
SS price markup norm 1.25 0.13 1.91 0.09 1.89 1.78 2.03
S’ Investment adj. cost norm 4.00 1.50 1.73 0.72 296 0.98 4.91
w  nhon Ricardian cons. beta 0.30 0.10 0.28 0.08 0.27 0.15 0.40
oy Labour supply elas. norm 2.00 0.75 0.69 0.16 0.71 044 0.99
x  Capital utilization beta 0.50 0.15 0.27 0.05 0.29 0.20 0.37
o« Capital share norm 0.30 0.05 0.14 0.02 0.13 0.09 0.17
pr Int. rate smoothing beta 0.75 0.10 0.90 0.02 0.90 0.86 0.94
11 Inflation response norm 1.75 0.20 1.61 0.21 1.59 1.24 1.92
o Outputgap response norm 0.13 0.05 0.03 0.02 0.056 0.01 0.09
13 Diff. outputgap resp norm 0.13 0.05 0.26 0.03 0.26 0.21 0.31
7 Government spending  invg 0.05 2.00 0.02 0.00 0.02 0.01 0.02
¢y Labour tax invg 0.05 200 0.01 0.00 0.01 0.01 0.02
¢;  Consumption tax invg 0.05 2.00 0.01 0.00 0.02 0.01 0.02
¢f Capital tax invg 0.05 2.00 0.03 0.01 0.03 0.01 0.05
¢ Transfers invg 0.05 2,00 001 000 0.01 0.01 0.01
7 Government spending  invg 0.10 2.00 0.03 0.01 0.04 0.02 0.05
» Labour tax invg 0.10 2.00 0.07 0.02 0.09 0.05 0.12
gz&% Capital tax invg 0.10 2.00 0.05 0.02 0.08 0.03 0.14
ty Transfers invg 0.10 2.00 0.02 0.00 0.02 0.02 0.03
Discount rate gamm 0.25 0.10 0.58 0.14 0.59 0.37 0.83
7 SSinflation rate gamm (.63 0.10 0.53 0.08 0.54 041 0.66

Notes: Prior and posterior distributions for the estimated structural paeasn Parameter estimates obtained from
Bayesian estimation of the DSGE model using German data from 19889420

3.1 Prior distributions of the estimated parameters

| estimate 37 parameters and 12 standard deviations of sfioakations. The parametgrgoverning
the capital utilisation costs is given by = H% where a’ and a” are the first and second oder
derivatives of the capital utilisation cost function w.capital utilisation evaluated at the steady state.
The estimated parametgr which drives the discount factor is defined as followvs- 100(% —1).
Tables 2and 3 show the assumptions for the prior distributions, which sireilar to Smets and
Wouters [2007] for the standard model parameters. For theeshf rule-of-thumb consumess |
assume a beta distribution with mean 0.3 and standard @mvidtl, with the mean being close to

the finding of Coenen and Straub [2005], who estimated the stiaute-of-thumb consumers in the
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euro area. | assume for the debt elasticities of the tax eat@sverse gamma distribution with mean
0.05 and standard deviation 2 and for the output elassciieinverse gamma distribution with mean
0.1 and standard deviation 2, implying sluggish adjustrbgrihe government.

Table 3: Prior and posterior distributions of the shock processes
Parameter Prior distribution Posterior distribution
type mean std.dev. mode std.dev. mean 5% 95%

Pz Technology shock beta 0.50 0.20 0.98 0.00 0.98 097 0.99
pp ~ Price mark-up shock beta0.50  0.20 090  0.04 089 0.82 0.95
pu  Investment shock beta0.50 0.20 0.23  0.10 0.25 0.09 0.40
Pd Risk premium shock beta 0.50 0.20 0.93 0.03 0.94 0.89 0.99
Pr MP shock beta 0.50 0.20 0.24 0.07 0.25 0.14 0.36
pw  Wage mark-up shock beta 0.50 0.20 0.96 0.03 094 0.89 0.99
Do Gov. spend. shock beta 0.50 0.20 0.70 0.05 0.69 0.61 0.77
pnex  Net exports shock beta 0.50 0.20 0.96 0.02 095 0.92 0.98

prn  Labour tax beta 0.50 0.20 0.92 0.02 0.91 087 0.94
pre  Consumption tax beta 0.50 0.20 0.89 0.04 0.88 0.83 0.95
p.~  Capital tax beta 0.50 0.20 0.95 0.02 094 0.90 0.97
pr  Transfers beta 0.50 0.20 0.94 0.03 0.93 0.89 0.97

0 MA price mark-up beta 0.50 0.20 0.93 0.02 093 0.89 0.97
O MA wage mark-up beta 0.50 0.20 0.67 0.10 0.61 043 0.79
€ Technology shock invg 0.10 2.00 0.50 0.04 0.51 045 0.58
€p Price mark-up shock invg 0.10 2.00 0.49 0.04 0.51 044  0.57

€u Investment shock invg 0.10 2.00 1.48 0.16 1.45 1.19 1.71
€4 Risk premium shock invg 0.10 2.00 0.14 0.03 0.15 0.10 0.19
€r MP shock invg 0.10 2.00 0.14 0.01 0.15 0.12 0.17

Ew Wage mark-up shock invg 0.10 2.00 0.55 0.09 0.58 043 0.73
€ Gov. spend. shock invg 0.10 2.00 0.87 0.06 0.89 0.79 0.99
enex  Net exports shock invg 0.10 2.00 0.82 0.06 0.83 0.73 0.92

e-n  Labour tax invg 0.10 2.00 0.58 0.04 0.61 0.53 0.69
Erc Consumption tax invg 0.10 2.00 1.14 0.08 1.17  1.03 1.30
e~  Capital tax invg 0.10 2.00 2.26 0.16 231 2.04 258
€T Transfers invg 0.10 2.00 0.26 0.02 0.28 0.24 0.31

Notes: Prior and posterior distributions for the estimated shocks pex:eSstimates obtained from Bayesian estima-
tion of the DSGE model using German data from 1983:1-2009:4.

3.2 Posterior distributions of the estimated parameters

The results of the posterior maximization can be findables 2and3, which display the posterior
mode and mean together with the 90% confidence bands for alit#@ated parameter§igures 4

and5 in the Appendix show graphically the prior and posteriotriisitions of the structural model
parameters and the parameters of the shock processes. Th¢ @&Rfficients of the fiscal instru-
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ments are quite high with values around 0.9, which captuseptirsistence in the decision making
of government policy. The standard structural parametetheimodel also look reasonable. The
Calvo parameter in the goods market has a posterior mea®bid@spite strategic complementari-
ties through a Kimball type aggregator for final goods. But Snaetd Wouters [2003] find with 0.91
a value of similar magnitude in their estimated model foreébeo area and inflation persistence was
even higher in Germany compared to other euro area countles estimate for the coefficient on
inflation in the monetary policy rule is 1.59. Thus monetarnyjiqoleacts moderately to movements
in inflation. | estimate with a 27% share of non Ricardian comsis, in line with estimates of Co-
enen and Straub [2005] for the euro area and Cogan et al. [20i0je US. The debt elasticities of
tax rates, spending, and transfers are estimated to be I0e08yi.e. tax rates are adjusted slowly
to the debt-to-GDP ratio in Germany. An increase in the det&DP ratio of 10% of GDP, for ex-
ample, would cause a reduction in government spending &0.d4f GDP after one yed?. | find
higher estimates for the output elasticities of tax ratesspending, especially for the labour income
tax rate with a posterior mean of 0.09 and for the capital & with a value of 0.08. This points
to significant progressivity in both tax rates. The dynamic§isefal policy in the model are quite
complex, with almost all fiscal instruments reacting to detut the business cycle. As Uhlig [2010]
points out, the effect of discretionary fiscal policy depewely strongly on the reaction of the other
fiscal instruments to a higher level of government spendingll show in the next section how this
fiscal set up interacts with the debt brake.

4 Forecasting Performance

| first evaluate the model’s out-of-sample forecasting ghiln particular, | use the estimated model
described above to construct an out-of-sample densitgéstdor the debt-to-GDP ratio from the first
quarter of 2010 until 2016 and compare it to the actual defDP ratio in 2010 and 2011 and the
projection of the German government provided in the "Gerstahility Programme 2012" for the EU

commission. The adjustment of fiscal instruments in practigedds on political negotiations and
results of the elections, which leads to variability in tlegmeters of the fiscal policy rules over time.
| take this uncertainty regarding the parameters of the matteaccount and pick randomly 2,500
Metropolis-Hastings draws of the posterior parameteritigtions (Figure 4 in the Appendix). For

each parameter combination, a forecast for the debt-to-@bB&is computed using the linear model
solution. Additionally policy makers don’t have perfectdsight and don’t know certainly how the
economy will evolve in the future. To cope with this uncentgil create every period random draws

2Taking the smoothing of government spending into account and asgathéise equal, one can compute the adjustment
of government spending to a 10% increase in the debt-to-GDP ratio ag$dlld5 = 0.182 + 0.182 % 0.6911 + 0.182 x
0.6911% + 0.182 % 0.6911°.
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Figure 1. Forecast debt-to-GDP ratiotes: 2500 subdraws of the Metropolis Hastings algorithm and draws fro
the shock distributions are used to generate density forecast. Histotitod@DP series from 2005 until 2010 is displayed
with a solid black line, the mean forecast by a dashed-dotted black linePtheup to the 90th percentiles are displayed
by grey shaded areas and the mean forecast with additional discrgtitstal package in 2010 is shown by the dashed
blue line. The actual debt-to-GDP ratio in 2010 and 2011 is plotted in a red |s@did The projections of the German
government out of the "German stability Programme 2012" providethf®s EU commission with and without european
stability measures are shown by a red dashed line and a red dashetilidette

from the distributions of the 12 shock innovations in the elathd add them to the model solution
while computing the forecasts.

Figure 1 shows the historical debt-to-GDP series up to 2010 (blatd §ne), followed by the
mean model forecast (black dashed-dotted line) and thesmonding 10th up to the 90th percentiles
(grey shaded areas). The model predicts an increase in theéodE&DP ratio from 73.4% in the last
quarter of 2009 until 79% in 2010 and afterwards a gradudirtedue to the expected economic
recovery leading to higher expected labour income and aehigerage labour income tax rate both
stimulating tax revenues.

Some parts of the fiscal stimulus packages enacted by the Ggamamment became operative
in 2010. Therefore these measures, which increase the@®DP ratio in 2010, are not included in
the baseline forecasts. In Appendix B | list in detail the fiscaasures and the size of both programs
and group them to the fiscal instruments in the modeble 4 contains an overview. Measures to
lower the income tax wedge, which sum up to 29.6 billion eurb.24% of 2009 GDP, build the major
part of the fiscal package in 2010, which consists of the réoluah health insurance contributions,
tax deductibility of professionel commute or direct incotae cuts. Additional government spending
has a size of 10.1 billion euro mainly due to the infrastreeiaovestment program. The major part of
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Table 4: Germany's fiscal stimulus measures in 2010
Stimulus packages  Growth Acceleration Act Total fiscal packages
bin Euro % of GDP binEuro % of GDP bin Euro % of GDP

Income tax 29.6 1.24 0 0 29.6 1.24
Consumption tax 0.4 0.02 1 0.04 1.4 0.06
Capital tax 4.7 0.20 2.4 0.10 7.1 0.30
Spending 10.1 0.42 0 0 10.1 0.42
Transfers 4.5 0.19 5 0.21 9.5 0.40
All instruments 49.3 2.06 8.4 0.35 57.7 241

Source: German Treasury: Brot und Butter Brief " Der Wirtschaitgkentgegensteuern”, and "Wachstumsbeschleu-
nigungsgesetz".

the "Growth Acceleration Act" are higher tax exemptionsdependent children and child benefits
with a value of 4.6 billion euro, which | grouped as transfeZfianges in the legislation of business
tax, which are estimated to lower capital tax revenues byblibn euro in 2010 are the second
biggest part. Overall both programs are expected to lowetak base by 57.7 billion euro or 2.41%
of 2009 GDP in 2010. To take the effect of these fiscal changekeforecast for the debt-to-GDP
ratio into account | compute conditional forecasts. | adeé\wery quarter in 2010 a discretionary
government spending shock in the size of 0.105% of GDP armahafer shock in the size of 0.10%
of GDP to the model solution, together with the random shaaisations, while computing the
forecastd? Additionally, | use the baseline forecasts for the différ@x revenues in 2010 and lower
the respective tax rates to decrease the labour incomedasymption tax and capital tax revenues in
the amount of 0.31%, 0.015% and 0.075% of GDP every quar@010. The conditional forecast is
shown with a blue dashed line Figure 1. One can see that after adding the fiscal package in 2010,
the model forecast predicts the peak in the debt-to-GDB tdit83% in the end of 2010 right, when
comparing the conditional forecast to the actual data ofGeeman government (red solid lin&).
The medium-term projection of the German government alsoighin a reasonable confidence
band especially when european stability measures arededlgied dashed-dotted line). Overall the
model seems to predict the evolution of the debt-to-GDR iatiGermany well.

5 Implications of the Debt Brake

5.1 Implications for the responses to a positive demand shkc

To shed more light on the model dynamics, | compute the IngoRkssponses to a one standard devi-
ation exogenous increase in demand of 0.83% of GlifRure 2 shows the reaction of key macroeco-

13The size of the quarterly discretionary government spending andérastsck is 1/4 of the value statedTable 4.
14The annual debt-to-GDP data series of the German government isailatiexhto quarterly frequency by a cubic-spline
function.
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Figure 2: Positive demand shock (0.83% of GDd)es: Impulse responses of key model variables to a one
standard deviation demand shock. Variables are defined in percéatiole from steady state.

nomic variables to this expansionary shock in the modelauttthe debt brake. The increase in de-
mand makes labour income increase and generates higher labome tax revenues (middle panel
second row). Due to a progressive labour income tax raten@ease in labour income also raises
the average labour income tax rate in the economy (middlelgist row), which further fosters the
improvement of the government budget. On the other handexpansion in GDP and the subse-
quent upward pressure on prices leads monetary policy $e the interest rate, creating incentives
for Ricardian households to save more and consume less. ®haliog-out of Ricardian house-
hold’s consumption dominates the consumption increasem{Ricardian consumers, who react to a
higher labour income by spending more. Therefore consumdio revenues are slightly subdued.
As might be expected given the estimates;ﬁﬁf and ¢!, government spending and transfers react
countercyclically in the first 5-10 quarters. Both highermalietax revenues and lower spending lead
to a budget surplus and lower government debt. The redugtigovernment indebtedness causes a
second-round effect in the fiscal instruments. The greatel pe@e creates incentives for fiscal au-
thorities to increase spending and lower tax rates. Thexefa average labour income tax rate, and
the consumption tax rate fall and spending and transfersase after 5 quarters. These second-round
effects lead to an increase in the cyclical adjusted or siratdeficit (bottom left panel). The model
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observations are in line with empirical results by Gali antbRe[2003], who estimate the output gap
elasticities of the cyclical component of the governmemtdai deficit and the cyclical adjusted com-
ponent for a sample of OECD countries from 1980-2002. They fintbayglical structural deficit
and a countercyclical fiscal stance on automatic stabiline@ermany.
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Figure 3: Positive demand shock (0.83% of GDN8jes: Impulse response of key model variables to a one
standard deviation demand shock. Variables are defined in percgatioie from steady state. The black solid line shows
the results without debt brake mechanism, the blue lines the case withdirgpéased consolidation (50% spending cuts
and 50% transfer cuts) and the red lines the case with a tax-based catisol{@1% labour income tax, 28% consumption
tax and 1% capital tax). The dashed lines correspond to a maximum adjusiotount clearing of 0.35% of GDP annually,
the dotted lines to a maximum clearing of 0.70% of GDP.

In Figure 3, | compare the baseline results with two consolidation ades. The empirical liter-
ature typically treats fiscal consolidation through cutsiergling or through tax increases separately,
as in Alesina and Ardagna [2010]. | take the same approaclii@hdibok at a spending-based con-
solidation with 50% of the consolidation taking place thghicuts in transfers and 50% through cuts
in government purchases (blue lines) and second, a taxiisaseario with 71% of the consolidation
taking place through an increase in the labour income te8g #8ough an increase in the consump-
tion tax and 1% through an increase in the capital tax (rezk)inTaxes are raised according to their
corresponding steady-state revenue-to-GDP shares. Thediises correspond to the baseline spec-
ification of the debt brake, where fiscal consolidation is cdmiea maximum of 0.35% of GDP. The
dotted lines show a more ambitious case, where the adjusteeount is capped at 3% of GDP,
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leading to a maximum fiscal consolidation of 0.70% of GDP atiputne speed of adjustmeiptis
kept unchanged. The nonlinear model equations associatiethgiimplementation of the debt brake
require nonlinear solution techniques; | use the methapottescribed in Juillard [1996].

Under either approach to consolidation following a demématk, the structural deficit leads to
an accumulation on the adjustment account until it readhesrtaximum of 1.5% (3%) of GDP at
around 10 (18) quarters. With spending-based consolidagovernment spending and transfers are
below baseline starting around the fifth quarter. In scer&ribe income tax rate and consumption
tax rate are increased compared to baseline. In both sosntiis improves the budget deficit or leads
to a higher budget surplus (last panel third row) and delst salbstantially more than in the baseline
case. With the spending-based consolidation and the has#dibt brake specification, debt peaks
at -1.35 percent, 0.25% of GDP lower than in the case withebt drake. The greater fall in debt
creates second-round effects in the fiscal instruments. dnas® 1, fiscal policy lowers taxes after
around 10 quarters, whereas in the tax-based consolidagmspending and transfers are increased.

These fiscal dynamics have important implications for thegpe\sector. As can be seen in the
second panel on the left side, the drop in private consumpatfter the exogenous demand shock is
lower in the case of a spending-based consolidation andr@mgscenario 2. With log utility and no
consumption habits, the linearized euler equation of tleauRian households can be simply written
as a stream of future real interest rates and changes in tisei@ption tax raté®

~ > ~ R 7€
Cy = ; —Ey(Riys — Tig14s) + T35

Higher contemporaneous and expected future real induagseholds to consume more today.

Ei(Tiies = Tits) (36)

Here the first effect dominates the last. In scenario 1 (2)dvel (higher) expected real interest rates
compared to baseline overcompensates the expected doopa&e) in the consumption tax rate. A
smaller drop in consumption in scenario 1 associated withvail marginal utility of consumption for
Ricardian households compared to baseline and scenarise? ttheir desired real wage. This leads
to the higher-than-baseline income tax revenues (middielpsecond row) in the case of spending-
based consolidation in the first 10 quarters. Afterwardsntlogements in the tax rates determine
the evolution of wages. Both the increase in the income téx aad the consumption tax rate in
scenario 2 raises the wedge between the marginal rate ditstiba of leisure for consumption and
the real wage in the labor supply decision of the Ricardiamskbolds and induces households to
demand higher wages. Therefore in the medium-run wages gierhin scenario 2, which pushes

Departing from the assumption of log utility and assuming a higher coeffisfealative risk aversion in a nonseparable
utility function a la King et al. [1988], doesn’t change the qualitative resultsnsumption falls less in all scenarios due
to agent’s lower intertemporal elasticity of substitution and debt falls moeetalgreater income tax revenues generated
through higher wages in the economy. Assuming external habits in egoign doesn’t change the qualitative results
either, although the reaction of Ricardian household’s consumption is monp-shaped and persistent.
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marginal costs and inflation up and leads monetary policyise iaterest rates. This in turn raises the
financing costs of government debt and leads to a more subdoihcdgovernment debt compared to
the spending consolidation case. Overall, the debt braktespending-based consolidation reduces
government debt most given the same amount of adjustmeatatclearing relative to the case of
tax-based consolidation and leads to slighty higher GDRalless of a drop in private consumption,
which is partly offset by lower public demand. Allowing forare fiscal consolidation (dotted lines)
reinforces the effects described above. Angeloni et allJ2@ome to the same conclusions, when
looking at different exit strategies out of debt in the aftath of a recession. In particular, they find
that pre-announced spending based fiscal consolidationgsgnamising.

5.2 Implications for the responses to a negative demand shioc

How do the results change if a contractionary shock occursf?d case of a negative demand shock,
government revenues drop due to a lower tax base, and spesdintransfers increase, leading to a
jump up in the budget deficit and debt, but to a structural bugigelus. The results are the mirror
image ofFigure 2. The debt brake is set up in a way that it works asymmetricadlyanly structural
deficits are balanced through tax increases or spending gutmlstructural surplus is cleared. As a
consequence, the adjustment account stays at zero andfiisicahients are not modified. Thus, the
additional fiscal consolidation associated with the deltdtakes place only in economic expansions
without constraining fiscal policy in recessions and eveate®room for additional fiscal measures
in recessions.

5.3 Implications for government spending multipliers

Does the debt brake change the effectiveness of discrefigoaernment spending? | compute the
impulse responses to a 1% of GDP government spending shiticiggbe output and debt elasticities
of government spending to zefg; = ¢ = 0) to render the process for government spending ex-
ogenous and to make the results comparable to the literathieh usually studies an autocorrelated
1% increase in government spendinfable 5 shows the initial multipliers and the present value
multipliers after 2 years for the baseline case without delke, the spending-based and tax-based
scenarios equivalent to the subsection above and a mixedrscewhich corresponds to the savings
package the German government announced in 2010 to fulfilébebrake® 17

The main finding inTable 5is that the implications of the debt brake for governmennsioey

5The Present value multipliers are calculated using the following formutegrevgovernment spending and output are

. . . . s X8 _g(RT)AY
discounted with the SS nominal interest ratd” = S R AG,”

"The savings package contains mainly transfer cuts and spending otitsb additional taxes like a ticket tax for
flights. The weights for the fiscal instruments associated with this packag@ransfers 45%, government spending 25%,
income tax revenues 21.3%, consumption tax revenues 8.4% and tapievenues 0.3%.
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Table 5: Government spending multipliers
Baseline Spending Tax Mixed

Initial multiplier 0.95 0.97 0.96 0.97

Relative to Baseline (in %) 2.73 1.06 1.86
Present value multiplier 0.57 0.57 0.55 0.56
Relative to Baseline (in %) -0.12 -3.98 -2.14

Notes: Initial government spending multipliers and present value mulspééer 2
years. Output and debt elasticities of government spending are satfey = ¢7 =
0). Row 2 and 4 show the percent change of the spending multipliers withbdzke

relative to the baseline case without debt brakeffi o dtararel « — 1) 4 100).

multipliers are small. Perhaps surprisingly, the initialltiplier increases when the debt brake is in
place, no matter which consolidation scheme the governgtesises. But the stimulation in GDP
is greatest with a spending-based consolidation. This finslipgports the results by Corsetti et al.
[2012], who show that the initial government spending nplir increases if agents expect a spending
reversal in the future i.e. the government announces spgrualits in the future. The mechanism
is similar with the debt brake in place. Agents know that tlogegnment is credibly committed
to keeping the structural deficit stable over time, and thaitsaretionary increase in government
spending raises the structural deficit. Therefore they witleet lower public spending or higher
taxes in the near future and less of an increase in governtednt This lowers the wealth effect and
leads agents to increase their consumption compared t@#gavgthout the debt brake.

But the present value multipliers after two years are lowéh the debt brake in place than
without, independent of the consolidation scheme. If thenemy is not in a recessionary episode,
the fiscal consolidation will kick in immediately after the igening in fiscal conditions and will lead
either to an increase in distortions in the economy throutgxancrease or to lower public demand
or to lower household disposable income.

5.4 Stabilization

Does the debt brake stabilize or destabilize the economyan$wer this question, | simulate the
model with and without the debt brake for 120,000 periodspding the first 20,000 observations as
a training period. Due to the nonlinearities associatet thieé debt brake, | cannot simply iterate the
policy function of the linear model forward adding a drawnfréhe shock distribution each period;
instead | use an extended shooting algorithm describedanrBand Koerber [2011]. Starting from
steady state in period 0, agents experience a draw from thaek glistribution in period 1 and given
these shocks, solve the set of nonlinear equations thatiblesiseir respective decision rules forward
for 500 periods until the economy is back at steady state.n#sgese the outcome in period 1 as
initial conditions and experience a new set of shocks ingae?i and again solve the model forward
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for 500 periods. This is repeated for a total of 120,000 periddterwards | compute the variances
of key macroeconomic variables and derive the following snea of stabilizatiort to compare the
volatility of the variable (x) in the case with and withouttdérake:

5= (Gartecoithom e ey 1) =100 @)
Two results emerge froriable 6. First, a spending-based consolidation is preferable imger
of stabilization. Although a tax-based consolidationl $¢i&ds to lower volatility in consumption
and partly in output compared to the baseline scenario witkiee debt brake, a spending-based
consolidation clearly outperforms both. Second, a stapeddent consolidation (Columns 3 and 5),
which only triggers an adjustment account clearing in theeabe of a recession, is preferred over a

state-independent consolidation (Columns 2 and 4).

Table 6: Stabilization properties

Variable Spending Spending Tax Tax
(State-dependent) (State-dependent)

Output -2.11 -2.81 0.00 -0.35
Hours -1.31 -1.31 0.00 0.00

Consumption -4.20 -4.66 -0.47 -0.94
Investment -2.24 -2.61 0.00 -0.37
Structural deficit -1.75 -2.44 0.00 0.00
Debt-to-GDP -0.13 -0.19 0.57 1.09

Revenues -0.98 -2.92 0.98 1.97
Spending -2.41 -3.60 0.00 1.22
Transfers -1.69 -1.69 1.70 3.52

Income tax rate -5.28 -6.31 2.15 2.15

Notes: Model simulation with and without debt brake for 120,000 per@ydpping the first
20,000 observations. The table shows the percent change in theceadiftie indicated vari-
ables, when moving from the baseline case without debt brake to thectegpdebt brake
scenarios.

Surprisingly, in the case of a spending-based consolidatiedebt brake stabilizes the economy
without leading to more volatility in the fiscal instrument3ne might expect that more adjustment
in the fiscal instruments is necessary to achieve a staliilizaf the private sector. There are three
forces at work. First, the consolidation triggered by thetdwbke through the adjustment account
clearing (function®) creates additional volatility in the instruments. Butstlaidditional volatility
is eased by the smoothed consolidation via the adjustmeonuat The overall impact of this first
force depends therefore on the maximal clearing and on tl@tnmg parameter in the adjustment
accounp. Second, the debt brake makes debt itself more volatile butewessarily the debt-to-GDP
ratio, and the fiscal instruments are all a function of the det&DP ratio. In the case of a spending-
based consolidation, the output stabilization domindiesdebt destabilization and the debt-to-GDP
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ratio becomes less volatile; in the case of tax based calain, it's the other way round. Third,
the automatic stabilizers react endogenously to the sfateececonomy. If there is less volatility
in output, tax revenues, spending, and transfers are asovtdatile. In the case of spending-based
consolidation, the latter two forces clearly dominate th& fim the case of tax-based consolidation,
the first two effects dominate the last.

6 Conclusion

In this paper, | study the macroeconomic implications ofr@amy’s recently introduced "debt brake"
in a New Keynesian DSGE model a la Christiano et al. [2005] ortSraed Wouters [2007] in-
tegrating non-Ricardian consumers as well as Ricardiaswuosrs, adding distortionary taxes like
consumption tax, capital tax, and labor income tax, and figdabk for transfers and spending. |
estimate the model on 12 German data series including thetak€hDP ratio, tax revenues, and
transfers. The debt brake constrains fiscal policy makersomisdout not in recessions, forcing them
to reduce the government budget deficit through increases@s tor expenditure cuts. Additionally,
the debt brake raises initial government spending mutiplindependent of the type of fiscal consol-
idation and stabilizes the private sector without leadong greater volatility in the fiscal instruments.
That is especially true when the fiscal consolidation trigddme the debt brake is executed through
expenditure cuts and the fiscal consolidation takes plageiotimes of positive output growth.

In the model, | do not take into account how the evolution dftddfects the interest rate. Laubach
[2010] estimates a significant positive impact of expectedget deficits and the expected debt-
to-GDP ratio on long-term real interest rates in the US. Tgkms channel into account, a faster
consolidation of the government budget through the detitdanaould lower future interest payments
on outstanding government debt further and would have ewae favourable outcomes in terms of
stabilization and government spending multipiers.
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A Appendix estimation
Data

The data | employ are from the OECD Economic Outlook Databasethegeriod 1983:1-1991:1
| use data for West Germany, which are scaled so that the \@ig®er in the first quarter of 1991
matches the observation for reunified Germany in this qualRexcisely | use the following OECD
time series: Gross domestic product, volume, market p({io&JGDPV, WGRGDPV), Gross do-
mestic product, deflator, market prices (DEUPGDP,WGRPGDP), teriireal consumption expendi-
ture, value (DEUCPAA, WGRCPAA), Private non-residentialsgdixed capital formation, volume
(DEUIBV, WGRIBV), Private non-residential fixed capital fortian, deflator (DEUPIB, WGRPIB),
Total employment (DEUET, WGRET), Short-term interest rate (DEBIIR/GRIRS), Trend labour
force (DEULFS, WGRLFS), Hours worked per employee, total econonBU/BRS, WGRHRS),
Compensation rate, total economy (DEUWSST, WGRWSST), Capitabtaktransfers receipts,
value (DEUTKTRG, WGRTKTRG), Indirect taxes, value (DEUTIND, WGRDN Total direct
taxes, value (DEUTY, WGRTY), Social security contribution tiged by general government, value
(DEUSSRG, WGRSSRG), Social security benefits paid by general goesatn value (DEUSSPG,
WGRSSPG), General government gross financial liabilities, as@ptage of GDP (WGRGGFLQ)
for the period 1983:1-1994:4 and Gross public debt accgrthrthe Maastricht criterion as a per-
centage of GDP (DEUGGFLMQ) for the period 1995:1-2009:4. Dat&ooss debt according to the
Maastricht criterion are not available for Germany befd®8%. The concepts differ in two respects.
Gross debt according to the Maastricht criterion does radtide trade credits and advances and gov-
ernment bonds are valued at their market value not nomimagvaimes series in monthly frequency
are converted to quarterly frequency by using the averageahonthly rates. Annual fiscal data are
converted to quarterly data by assuming that the varialoegwith the same rate during the year.

Measurement equations

| use quarterly German data for the period 1983Q1-2009Q4timate the model with Bayesian
estimation techniques and match the following 12 variabtee log difference of real consump-
tion (diConsy), real investmentd/Inv;), real GDP {IGDP,), real wages dlWage;) and hours
worked (I Hours;), the log difference of the GDP-Deflatadi(;), the quarterly short-run interest
rate ((nterest;), the log of government debldebt,), the Q4-Q4 log difference of government labour
income tax revenues and social security benefits recewWiddax;), consumption tax revenues
(diconstax;), capital tax revenuesil{captax,;) and social security benefits paid{ransfer;). All
government variables are expressed relative to GDP. | rechavlinear trend in hours worked to
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make the data series stationary and consistent with the llmedemptions. The following measure-
ment equations are employed to link the model variablesdaltta.

diGDP, | [7] Yt — Y1
diCons; ol Ct — Cr—1
dlInv ol iy — i
diW agey ol Wy — W1
dlHours; Zf - z\t—l
di P, 7 Tt
Interest, N T * - Tt
ldebt, b z’%’ — Ui
dlinctaxy (‘I’n/an - @t (At A% Z//\t—4>
dlconstax, <‘1’C/‘I/C Y Wi,/ WS ?/J\t—4>
dlcaptaz, (\Ilk/\llk - g/jt vy 4/\11 g/jt_4>
ditransfery | L L (B/te =) — (bi—a/ts — Yia)

where dl stands for 100 times the log difference and | for 1@@$ the log.z; = *—= defines
the percentage deviation of a variable from tref@= 100(y — 1) denotes the common real quarterly
trend growth rater the quarterly steady state inflation ratehe steady state nominal interest rate,
b, the steady state debt-to-GDP ratio, witk 100 1n (b,), U the steady state ratio of labour income
tax revenues to GDRY¢ the steady state ratio of consumption tax revenues to Gf9Rhe steady
state ratio of capital tax revenues to GDP anthe ratio of steady state social security benefits paid
by the government to GDP.
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Figure 4: Prior and posterior distributions of the structural parametetss: Prior (solid grey) vs. posterior
(solid black) distributions for the estimated structural parameters. Estrobtained from Bayesian estimation of the DSGE
model using German data from 1983:1-2009:4.
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Figure 5: Prior and posterior distributions of the shock processets: Prior (solid grey) vs. posterior
(solid black) distributions for the estimated shocks processes. Estintat@near from Bayesian estimation of the DSGE

model using German data from 1983:1-2009:4.



B Details of Germany’s fiscal stimulus measures in 2010

Stimulus packages

Instrument Measure (bln Euro)
Tax deductibility of professionel commute 4.00
Package for tax burden reduction, stabilisation of
social security contributions and investment in families 11.91
Income tax Income tax cut 6.04
State payment of 50% social insurance for short-time workers
for short-time workers 1.15
Reduction in health insurance contributions 6.50
Suspension of car tax on new vehicles 0.13
Consumption tax Reform of car tax 0.17
Decrease of tax on Biodiesel 0.13
Capital tax Higher tax-free allowances for companies 0.37
Degressive depreciation deduction 4.33
Investments into transport infrastructure 1.00
Spending Infrastructure investment programme 8.68
Innovation support programme 0.45
Retraining and stronger job service 1.59
Transfers Increased child benefits 2.84
Increased housing benefits 0.06
49.31

Source: Brot und Butter Brief " Der Wirtschaftskrise entgegenstéu&srman Treasury

Growth Acceleration Act

Instrument Measure (bIn Euro)
Consumption tax Decrease of VAT on Hotels and restaurants 1.00
Capital tax Changes in the legislation of business tax 2.40
Transfers Higher tax exemption for dependent children and child bhenefi 4.60
Lower inheritance tax 0.40
8.40

Source: Wachstumsbeschleunigungsgesetz, German Treasury
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