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Abstract

The question of whether and to what extent �scal reforms can pay for themselves through
higher growth is central both from the theoretical and the policymakers�point of view. This
paper uses a dynamic general equilibrium model with endogenous growth to analyse the macro-
economic and budgetary e¤ects of a series of �scal measures on the EU economy, with an em-
phasis on their degree of self-�nancing, i.e. their ability to partially o¤set lost revenues due to
general equilibrium incentive e¤ects. The model includes an endogenous technological change
mechanism in the form of the product-variety framework suggested by Jones (1995, 2005) and
disaggregates the labour force into three skill categories. This allows an analysis of the conse-
quences of capital and labour income and consumption tax cuts, but also of the impact of more
targeted policies such as tax credits on R&D investment and skill-biased labour tax cuts. The
paper �nds that the degree of self-�nancing of the measures varies between 20% in the case
of a cut in the labour income tax rate paid by high-skilled workers and 52% in the case of a
reduction in the tax rate on low-skilled labour income. The paper also �nds that the elasticity
of labour supply is an important factor a¤ecting the impact of a labour tax cut. Finally, we
test the sensitivity of the e¤ects of the tax reforms to the initial level of the tax rate, �nding
that the output expansion and the degree of self-�nancing are larger when the initial tax rates
are higher.

�The views expressed in this paper are those of the authors and do not necessarily represent those of the European
Commission. Correspondence: Francesca D�Auria, European Commission, DG ECFIN Economic and Financial
A¤airs, B-1160 Brussels, Belgium, email: francesca.d�auria@ec.europa.eu.
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1 Introduction

The question of whether and to what extent expansionary �scal measures can pay for themselves
through higher growth is widely debated from both the theoretical and the policymakers�point of
view. In the current economic juncture, a careful assessment of the potential budgetary impact of
�scal policy decisions is particularly needed.
One way of assessing the e¤ects of a �scal reform is to measure its direct impact on the govern-

ment�s budget. The estimation of this partial equilibrium e¤ect is referred to as static scoring and
implies that the budgetary impact is calculated without taking into account feedback e¤ects to the
economy. The assumption that a �scal incentive does not have macroeconomic e¤ects impacting
on revenue collection is, however, unrealistic.
This is the argument underlying the concept of the La¤er curve, according to which a tax cut

can result in higher government revenues through an expansion of the tax base, such that the tax
cut fully or more than fully pays for itself. There is a vast literature on the existence of La¤er e¤ects.
Ireland (1994) examines the implications of a debt-�nanced tax cut in an endogenous growth model
and �nds that, under certain conditions, the measure does not require subsequent increases in the
tax rate in order to balance the government�s budget. However, these �ndings have been criticised
by Pecorino (1995) and Bruce and Turnovsky (1999), who argue that La¤er e¤ects do not arise
under more realistic parameterisations of the level of taxation of the returns on human capital
accumulation and of the intertemporal elasticity of substitution.
Recent studies do not support the claim that tax cuts can fully pay for themselves and argue

instead in favour of a partial o¤setting of their negative budget e¤ect, i.e. of the existence of a
certain degree of self-�nancing. The latter is measured by applying dynamic scoring techniques,
which assess the budgetary impact of a �scal reform by taking into consideration its incentive
e¤ects1 .
The tax reforms considered within this literature include labour income, capital income and

consumption tax cuts. Mankiw and Weinzierl (2006) examine the revenue e¤ects of �scal measures
in a neoclassical growth model and calculate that the steady state self-�nancing rates of labour and
capital income tax cuts are respectively 17% and 53%. Leeper and Yang (2008) extend this analysis
to explore the implications of alternative �nancing schemes, �nding that the budgetary cost of a
tax cut decreases with the aggressiveness of the government response to the budget deterioration
caused by the measure. Trabandt and Uhlig (2010) use a neoclassical growth model to characterise
La¤er curves for labour and capital income taxation and to estimate long-run self-�nancing rates for
the United States and for 14 EU countries individually and as an aggregate. The study �nds that
at prevailing tax rates there is not a full La¤er e¤ect, with the exception of Denmark and Sweden
in the case of a reduction in the capital income tax rate. In addition, they calculate that the degree
of self-�nancing of a labour tax cut is 32% in the US economy and 54% in the EU-14, while a
capital tax cut results in a higher self-�nancing rate (51% for the US and 79% for the EU-14).
Ganelli and Tervala (2008) analyse the macroeconomic and budgetary e¤ects of labour income and
consumption tax cuts in a two-country New Keynesian model. They �nd that the long-run degree
of self-�nancing is about 17% for labour income tax cuts and 11.5% for consumption tax cuts and
that the latter have larger short-run e¤ects but a smaller long-run impact on GDP2 .
The self-�nancing rates found in the literature vary widely depending on the features of the

model used for the simulations, and in particular on the role played by growth. This paper analy-
ses the short and long-run e¤ects of a series of permanent �scal measures using a DSGE model
with endogenous growth3 . The model employs the product variety framework proposed by Dixit
and Stiglitz (1977) and applies the Jones (1995) semi-endogenous growth framework to model the

1For a discussion of dynamic scoring and of the debate on the opportunity of its adoption instead of static scoring
in the US, see Auerbach (2005).

2Ganelli and Tervala (2008) also carry out a sensitivity analysis for di¤erent degrees of nominal rigidity and of
the disutility of labour, �nding that the degree of self-�nancing ranges between 13% and 24% for labour income tax
cuts and between 8.6% and 15.6% in the case of capital income tax cuts.

3The model is an extension of the QUEST III model used in the Directorate-General Economic and Financial
A¤airs of the European Commission and has been employed by Roeger et al. (2008) to analyse the e¤ects of structural
reforms in the EU.
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development of R&D. This framework allows to assess the macroeconomic and budgetary e¤ects
of policies aimed at stimulating R&D investment. In addition, the model disaggregates the labour
force into three skill categories, thereby making it possible to analyse the impact of labour tax
cuts targeting high, medium or high skilled workers. A �rst contribution of the paper is therefore
the analysis of an additional set of �scal measures with respect to the existing literature on self-
�nancing. Moreover, these studies (with the exception of Trabandt and Uhlig (2010)) analyse the
e¤ects of tax cuts in the presence of relatively low initial tax rates (based on the features of the US
economy), consequently �nding lower degrees of self-�nancing.
The measures considered are tax credits to investment in R&D and tangible capital and labour

income tax cuts. In our simulations, no �scal measure is fully self-�nancing, a result which is in
line with recent studies. There is also a relatively wide variation in the degree of self-�nancing of
skill-biased labour tax cuts: a decrease in the tax rate imposed on the income of low-skilled workers
delivers the lowest decrease in revenue. Labour tax cuts aimed at low-skilled workers exhibit a
higher degree of self-�nancing than policies bene�ting medium and high skilled workers.
The paper is organised as follows. Section 2 outlines the main features of the model. Section 3

provides details on the calibration. Section 4 presents the results for our benchmark scenario and
carries out a sensitivity analysis discussing how the results are a¤ected by the elasticity of labour
supply and the initial tax rates. Section 5 concludes.

2 The model

The model used in this paper is described in detail in Roeger et al. (2008). This section outlines
its main features, focusing on the aspects most relevant for the simulation results. The economy
consists of households, �nal and intermediate goods producing �rms, a research industry, a mone-
tary authority and a �scal authority. In the �nal goods sector �rms produce di¤erentiated goods
which are imperfect substitutes for goods produced abroad. Final good producers use a composite
of intermediate goods and three types of labour: low, medium and high-skilled. Households buy
the patents of designs produced by the R&D sector and license them to the intermediate goods
producing �rms. The intermediate sector is composed of monopolistically competitive �rms which
produce intermediate products from rented capital input using the designs licensed from the house-
hold sector. The production of new designs takes place in research labs, employing high skilled
labour and making use of the existing stock of domestic and foreign ideas. Technological change is
modelled as increasing product variety in the tradition of Dixit and Stiglitz (1977).

2.1 Households

The household sector consists of a continuum of households h 2 [0; 1]. A share (1 � �) of these
households are not liquidity constrained and indexed by i 2 [0; 1� "]. They have access to �nancial
markets where they can buy and sell domestic and foreign bonds, accumulate physical capital which
they rent out to the intermediate sector, and they also buy the patents of designs produced by the
R&D sector and license them to the intermediate goods producing �rms. Non-liquidity constrained
household members o¤er medium and high-skilled labour services indexed by s 2 fM;Hg. The
remaining share � of households is liquidity constrained and indexed by k 2 [1� "; 1]. These
households cannot trade in �nancial and physical assets and consume their disposable income each
period. Members of liquidity constrained households o¤er low-skilled labour services only. For
each skill group we assume that both types of households supply di¤erentiated labour services to
unions which act as wage setters in monopolistically competitive labour markets. The unions pool
wage income and distribute it in equal proportions among their members. Nominal rigidity in wage
setting is introduced by assuming that households face adjustment costs for changing wages.

2.1.1 Non liquidity constrained households

Each non liquidity constrained household maximise an intertemporal utility function in consumption
and leisure subject to a budget constraint. These households makes decisions about consumption
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(Cit), labour supply (L
i
t), investments into domestic and foreign �nancial assets (B

i
t and BF;it ),

the purchases of investment good (J it ), the rental of physical capital stock (K
i
t), the corresponding

degree of capacity utilisation (ucapit), the purchases of new patents from the R&D sector (J
A;i
t ), the

licensing of existing patents (Ait) and receives wage income (W
i
t ), unemployment bene�ts (b

s
tW

i;s
t )4 ,

transfer income from the government (TRit) and interest income (it; i
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liquidity constrained households face the following Lagrangian
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(1)
The budget constraints are written in real terms with all prices and wages normalized with Pt,

the price of domestic �nal goods. All �rms of the economy are owned by non liquidity constrained
households who share the total pro�t of the �nal and intermediate sector �rms,

Pn
j=1 PR

f;i
j;tandPAt

j=1 PR
x;i
j;t , where n and At denote the number of �rms in the �nal and intermediate sector

respectively. As shown by the budget constraints, all households pay twt wage income taxes and t
K
t

capital income taxes less tax credits (�K and �A) and depreciation allowances (tKt �K and tKt �A)
after their earnings on physical capital and patents. There is no perfect arbitrage between di¤erent
types of assets. When taking a position in the international bond market, households face a �nancial
intermediation premium �BF (:) which depends on the economy-wide net holdings of internationally
traded bonds. Also, when investing into tangible and intangible capital households require premia
rpKt and rpAt in order to cover the increased risk on the return related to these assets. The real
interest rate rt is equal to the nominal interest rate minus expected in�ation: rt = it � Et(�t+1).
The utility function is additively separable in consumption (Cit) and leisure (1 � Li;st ). We

assume log-utility for consumption and allow for habit persistence.

U(Cit) = (1� habc) log
�
Cit � habcCt�1

�
(2a)

For leisure we assume CES preferences with common labour supply elasticity but a skill speci�c
weight (!s) on leisure. This is necessary in order to capture di¤erences in employment levels across
skill groups. Thus preferences for leisure are given by

V (1� Li;st ) =
!s
1� � (1� L

i;s
t )

1��; with � > 0: (2b)

The investment decisions w.r.t. real capital and decisions w.r.t. the degree of capacity utilisation
are subject to convex adjustment costs �J and �U , which are given by

�J(J
i
t ) =


K
2

�
J it
�2

Ki
t�1

+

I
2
(�J it )

2 (3a)

and
�U (ucap

i
t) = a1

�
ucapit � ucapsst

�
+ a2

�
ucapit � ucapsst

�2
; (4a)

4Notice, households only make a decision about the level of employment but there is no distinction on the part
of households between unemployment and non participation. See Roeger et al. (2008).
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where ucapsst is the steady state capacity utilisation.
Wages are also subject to convex adjustment costs given by

�W (W
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X
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(5)

Consumption (C) and investment (J) is itself an aggregate of domestic and foreign varieties of �nal
goods, with preferences expressed by the following CES utility function
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(6a)
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i
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i

are indexes of demand across the continuum of di¤erentiated
goods produced respectively in the domestic economy and abroad, given by
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: (6b)

We denote with PC the corresponding utility based de�ator for the C and J aggregate. The �rst
order conditions of the household with respect to consumption, �nancial and real assets are given
by the following equations:
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@V0
@ucapit

=> iKt � a1 � 2a2
�
ucapit � ucapsst

�
= 0: (7f)

All arbitrage conditions are standard, except for a trading friction (�BF (:)) on foreign bonds, which
is modelled as a function of the ratio of assets to GDP. Using the arbitrage conditions and neglecting
the second order terms, investment is given as a function of the variable Qt

Qt � 1 = 
K

�
J it
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�
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i
t � �K � Et

�

I�J

i
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�
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where Qt is the present discounted value of the rental rate of return from investing in real assets

Qt = Et

 
1� �
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(1� tKt )
�
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i
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K
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(8b)

Notice, the relevant discount factor for the investor is the nominal interest rate adjusted by the
trading friction minus the expected in�ation of investment goods (�Ct+1).
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Non-liquidity constrained households buy new patents of designs produced by the R&D sector
(IAt ) and rent their total stock of design (At) at rental rate i

A
t to intermediate goods producers in

period t. Households pay income tax at rate tKt on the period return of intangibles and they receive
tax subsidies at rate �A. Hence, the �rst order conditions with respect to R&D investments are
given by

@V0
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i
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= 0 (8c)
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i
t = 0 (8d)

Therefore the rental rate can be obtained from 7b, 8c and 8d after neglecting the second order
terms:

iAt �
(1� �A)

�
it � �At+1 + �A

�
� tKt �A

(1� tKt )
+ rpAt (9)

where 1 + �At+1 =
PA
t+1

PA
t
.

Equation (9) states that households require a rate of return on intangible capital which is equal to
the nominal interest rate minus the rate of change of the value of intangible assets and also covers
the cost of economic depreciation plus a risk premium. The government can a¤ect investment
decisions in intangible capital by giving tax incentives in the form of tax credits and depreciation
allowances or by lowering the tax on the return from patents.

2.1.2 Liquidity constrained households

Liquidity constrained households do not optimize but simply consume their current income in each
period. Real consumption of household k is thus determined by the net wage income plus net
transfers

(1+ tct)P
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+ TRkt : (10)

2.1.3 Wage setting

Within each skill group a variety of labour services are supplied which are imperfect substitutes to
each other. Thus trade unions can charge a wage mark-up (1=�Wt ) over the reservation wage. The
reservation wage is given as the marginal utility of leisure divided by the corresponding marginal
utility of consumption. The relevant net real wage to which the mark up adjusted reservation
wage is equated is the gross wage adjusted for labour taxes, consumption taxes and unemployment
bene�ts which act as a subsidy to leisure. Thus the wage equation is given as

Uh;s1�L;t

UhC;t

1

�Wt
=
W s
t (1� t

w;s
t � bst )

(1 + tCt )P
C
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for h 2 fi; kg and s 2 fL;M;Hg:

2.1.4 Aggregation

The aggregate of any household speci�c variable Xh
t in per capita terms is given by

Xt =

Z 1

0

Xh
t dh = (1� ")Xi

t + "X
k
t ; (11)

Hence aggregate consumption and employment is given by

Ct = (1� ")Cit + "Ckt (12)
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and

Lt = (1� ")Lit + "Lkt : (13)

2.2 Firms

2.2.1 Final output producers

Since each �rm j (j = 1; ::::; n) produces a variety of the domestic good which is an imperfect
substitute for the varieties produced by other �rms, it acts as a monopolistic competitor facing a
demand function with a price elasticity denoted by �d. Final output (Y j) is produced using A
varieties of intermediate inputs (x) with an elasticity of substitution �. The �nal good sector uses
a labour aggregate and domestic intermediate goods with Cobb-Douglas technology, subject to a
�xed cost FCY and overhead labour FCL

Y j =
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��! 1��
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��L�1
�L

! �L
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: (15)

Parameter ss is the population share of labour force in subgroup s (low, medium and high-skilled
workers), Ls denotes the employment rate of population s, efs is the corresponding e¢ ciency unit,
and �L is the elasticity of substitution between di¤erent labour types. Note that high-skilled
labour in the �nal goods sector, LHYt , is the total high-skill employment minus the high-skilled
labour working for the R&D sector (LA;t). The employment aggregates Lst combine varieties of
di¤erentiated labour services supplied by individual households:

Lst =

�Z 1

0

�
Ls;ht

��s�1
�s

dh

� �s
�s�1

(16)

The parameter �s > 1 determines the degree of substitutability among di¤erent types of labour.
Finally, KG denotes the stock of public capital with an elasticity of �G.
The above production function employs the idea of product variety framework proposed by Dixit

and Stiglitz and applied in the literature of international trade and R&D di¤usion5 and we model
the underlying development of R&D by the semi-endogenous framework of Jones (2005).
The objective of the �rm is to maximise pro�ts

PRf;jt = P jt Y
j
t �

�
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t L
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t +WM

t Lj;Mt +WH
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j
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�
; (17)

where px is the price of intermediate inputs and W s
t is a wage index corresponding to the CES

aggregate Lj;st . All prices and wages are normalized with Pt, the price of domestic �nal goods. In
a symmetric equilibrium, the demand for labour and intermediate inputs is given by

�
Yt + FCY
LY; t � FCL

�
LY; t
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� 1
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s
1
�L
s ef

�L�1
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s �t =W s
t ; s 2 fL; M; Hg (18a)

pxi;t = �t(1� �) (Yt + FCY )
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�
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��!�1 �
x i;t
���1

(18b)

5See Grossman and Helpman (1991) and Aghion and Howitt (1998).
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where �t = 1� 1=�dt 6

2.2.2 Intermediate goods producers

The intermediate sector consists of monopolistically competitive �rms which have entered the mar-
ket by licensing a design from domestic households and by making an initial payment FCA to
overcome administrative entry barriers. Capital inputs are also rented from the household sector
for a rental rate of iKt . Firms which have acquired a design can transform each unit of capital into
a single unit of an intermediate input. Intermediate goods producing �rms sell their products to
domestic �nal good producers. In symmetric equilibrium the inverse demand function of domestic
�nal good producers is given as equation (18b).
Each domestic intermediate �rm solves the following pro�t-maximisation problem

PRxi;t = max
xi;t

�
pxi;txi;t � iKt PCt ki;t � iAPAt � FCA

	
(19)

subject to a linear technology which allows to transform one unit of e¤ective capital (ki;tucapt) into
one unit of an intermediate good

xi;t = ki;t � ucapt: (20)

In a symmetric equilibrium the �rst order condition is

��t(1� �) (Yt + FCY )
 
AtX
i=1

�
xji;t

��!�1
(xt)

��1
= iKt P

C
t (21a)

Intermediate goods producers set prices as a mark up over marginal cost. Therefore prices for the
domestic market are given by:

PXt = pxi;t =
iKt P

C
t

�
: (21b)

The no-arbitrage condition requires that entry into the intermediate goods producing sector takes
place until

PRxi;t = PRxt = iAt P
A
t +

�
iAt + �

A
t+1

�
FCA; 8i (22a)

or equivalently, the present discounted value of pro�ts is equated to the �xed entry costs plus the
net value of patents

PAt + FCA =
1X
j=1

 
1

1 + rt+j + rpAt+j

!j
PRxt+j�1 (22b)

For an intermediate producer, entry costs consist of the licensing fee iAt P
A
t for the design or patent

which is a prerequisite of production of innovative intermediate goods and a �xed entry cost FCA.

2.2.3 R&D sector

Innovation corresponds to the discovery of a new variety of producer durables that provides an
alternative way of producing the �nal good. The R&D sector hires high-skilled labour (LA) and
generates new designs according to the following knowledge production function:

�A t = �A�$t�1A
�
t�1L

�
A; t: (23)

In this framework we allow for international R&D spillovers following Bottazzi and Peri . Parame-
ters $ and � measure the foreign and domestic spillover e¤ects from the aggregate international
and domestic stock of knowledge (A� and A) respectively. Negative value for these parameters can

6Similar to the wage mark-up, we will allow for �uctuations in the mark-up of prices because of price adjustment
costs and the fact that a fraction of �rms is indexing price increases to in�ation in the previous period.
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be interpreted as the "�shing out" e¤ect, i.e. when innovation decreases with the level of knowl-
edge, while positive values refer to the "standing on shoulders" e¤ect and imply positive research
spillovers. Note that � = 1 would give back the strong scale e¤ect feature of fully endogenous
growth models with respect to the domestic level of knowledge. Parameter � can be interpreted as
total factor e¢ ciency of R&D production, while � measures the elasticity of R&D production on
the number of researchers (LA). The international stock of knowledge grows exogenously at rate
gAW . We assume that the R&D sector is operated by a research institute which employs high skilled
labour at their market rate WH . We also assume that the research institute faces an adjustment
cost of hiring new employees and maximizes the following discounted pro�t-stream:

max
LA; t

1X
t=0

dt

�
PAt �A t �WH

t LA; t �

A
2
WH
t �L

2
A; t

�
(24)

where dt is the discount factor.

2.3 Trade and the current account

The economies trade both �nal and intermediate goods. The elasticity of substitution between
bundles of domestic and foreign goods Zd

i

and Zf
i

is �. Thus aggregate imports are given by

IMt = sM
�
PCt
P IMt

��
(Ct + It +Gt + IGt) (25)

And there is producer pricing of imports and exports.

PEXt = Pt (26)

and

P IMt = EtP
�
t (27)

Thus net foreign assets evolve according to

EtB
F
t = (1 + r

F
t )EtB

F
t�1 + P

EX
t EXt � P IMt IMt: (28)

2.4 Government

Government debt (Bt) evolves according to the following rule:

Bt = (1 + rt)Bt�1 + P
C
t (Gt + IGt) + TRt +BENt + St �RGt � TLSt : (29)

Government consumption, government investment and government transfers are proportional
to GDP, such that

Xt = sXYt (30)

where X 2 fG; IGg :
The government pays unemployment bene�ts which are indexed to wages. Aggregate bene�t

payments are therefore given by:

BENt =
X
s

bstW
s
t (1�NPART st � Lst ) (31)

where s denotes the skill group. The bene�t replacement rate is linked to consumer prices and
net wages according to the following rule:

bst = b̂st
�
(1 + tCt )P

C
t

��c
(1� tWt )�

w

; 0 � �c; �w � 1 (32)
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The government provides subsidies (St) on physical capital and R&D investments in the form of a
tax credit and depreciation allowances

St = tKt�1

�
�KP It K

i;H
t�1 + �

APAt A
i;H
t�1

�
+ �KP It J

i;H
t + �APAt J

A;i;H
t : (33)

Government revenues RGt are made up of taxes on consumption as well as capital and labour income.
Government debt (Bt) evolves according to

Bt = (1 + rt)Bt�1 + P
C
t (Gt + IGt) + TRt +BENt + St �RGt � TLSt : (34)

The government conducts �scal policy by following a debt rule which aims to stabilise the debt to
GDP ratio. Lump-sum taxes (TLSt ) respond to deviations according to the following rule

�TLSt = �B
�

Bt�1
Yt�1Pt�1

� bT
�
+ �DEF�

�
Bt
YtPt

�
(35)

where bT is the government debt target.
The central bank sets interest rates according to the following interest rate rule which allows

for some smoothness of the interest rate response to the in�ation and output gap

it = � INOMlag it�1 + (1� � INOMlag )[rEQ + �T + � INOM� (�Ct � �T ) + � INOMy;1 ygapt�1]

+� INOMy;2 (tygapt+1 � ygapt) + uINOMt
(36)

The central bank has a constant in�ation target �T and it adjusts interest rates whenever consumer
price in�ation deviates from the target and it also responds to the output gap. There is also some
inertia in nominal interest rate setting.
We use a measure that closely approximates the standard practice of output gap calculation as

used for �scal surveillance and monetary policy (see Denis et al. (2006)), in which a production
function framework is used where the output gap is de�ned as deviation of capital and labour
utilisation from their long run trends. Therefore we de�ne the output gap as

Y GAPt =

�
ucapt
ucapsst

�(1��)�
Lt
Lsst

��
: (37)

where Lsst and ucapsst are moving average steady state employment rate and capacity utilisation:

ucapsst = (1� �ucap)ucapsst�1 + �ucapucapt (38)

Lsst = (1� �Lss)Lsst�1 + �LssLt (39)

which we restrict to move slowly in response to actual values.

3 Calibration

The baseline calibration of the model re�ects the features of the EU as a whole. Table 1 reports
the values of the key parameters. The labour force is disaggregated into three skill categories:
low, medium and high-skilled labour. The share of low-skilled workers corresponds to the standard
classi�cation of ISCED 0-2 education levels, while high-skilled workers are identi�ed as the segment
of the labour force which can potentially be employed in the R&D sector, i.e. engineers and natural
scientists. The rest of the labour force is classi�ed as medium-skilled.
The values of the tax rate on capital income and of the tax credit on investment in intangible

capital are taken from Warda (2006), while the labour and consumption tax rates are obtained from
DG TAXUD data. The bene�t replacement rate is set equal to 40% for all skill groups.
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Table 1: Calibration
Value Source

Labour market
Skill distribution:
Low-skilled population share (sL, %) 30.04 EUROSTAT
Medium-skilled population share (sM , %) 63.68 EUROSTAT
High-skilled population share (sH , %) 6.28 EUROSTAT
Employment rates:
Low skilled employment 56.50 EUROSTAT
Medium-skilled employment 73.70 EUROSTAT
High-skilled employment 84.60 EUROSTAT
Aggregate employment rate 69.22 EUROSTAT
Labour supply elasticity 0.25 Calibration
Bene�t replacement rate 0.4 Calibration

R&D sector
Researchers (LA, % employment) 1.03 EUROSTAT
R&D (% GDP) 1.84 EUROSTAT
Elasticity of R&D w.r.t. labour (�) 0.73 Calibration/Bottazzi and Peri (2007)
R&D e¢ ciency (�) 0.39 Calibration

Intermediate sector
Mark-up (%) 11.15 EUKLEMS
Entry costs (FCA) 0.33 Djankov et al. (2002)

Final goods sector
Mark-up (%) 24.32 EUKLEMS
Depreciation rate of tangible capital (%) 3.33 Calibration

Taxes/subsidies
Labour tax (including social security)(%) 37.08 DG TAXUD
Tax rate on capital income (%) 40.31 Warda (2006)
Consumption tax (%) 18.88 DG TAXUD
Tax credit on R&D (%) 42.84 Warda (2006)
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4 Results

This section analyses the short-run and long-run e¤ects of a series of �scal measures, namely:

1. A reduction in labour income tax for all skill groups

2. A reduction in labour income tax for low-skilled workers

3. A reduction in labour income tax for medium-skilled workers

4. A reduction in labour income tax for high-skilled workers

5. A reduction in capital income tax

6. A reduction in consumption taxation

7. A tax credit on investment in R&D

In order to facilitate the comparison of the e¤ects of the various measures, all policies are
designed to have an initial impact on the government budget of 0.5% of GDP. The rate of self-
�nancing is measured as the ratio between the general equilibrium e¤ect of the tax cut or credit
(resulting from the incentive e¤ects generated by the �scal reform) and its partial equilibrium
impact, i.e. the lost revenue assuming no change in economic choices. As each measure is �nanced
in a budgetary neutral manner through an increase in lump-sum taxes, the latter can be taken as
a measure of the increase in taxation needed to balance the budget. The rate of self-�nancing is
therefore given by the fraction of the partial equilibrium budget e¤ect which does not require an
increase in lump-sum taxes in order to stabilise the debt to GDP ratio.

4.1 Labour income tax

In what follows, the e¤ects of reductions in labour income tax rates are discussed. A lower tax
burden on labour income has a positive e¤ect on employment as it increases the opportunity cost
of leisure, thereby boosting labour supply. The impact on the economy of a same-size reduction in
labour income taxation (as a percentage of GDP), however, varies depending on which category of
workers is a¤ected by the measure. The simulations reported below allow a comparison between
an economy-wide reduction in labour taxation and skill-biased policies.

4.1.1 Average labour income tax reduction

Figure 1 illustrates the response of output, consumption, investment and employment to a perma-
nent reduction in the labour tax rate over a 50-year horizon. The cut accounts for 0.5% of initial
GDP, corresponding to the partial equilibrium e¤ect of the policy, and implies a 0.84 percentage
points reduction in the tax rate to 36.2%. The measure generates a strong increase in employ-
ment. Consumption also rises due to the increase in disposable income resulting from a lower tax
burden on wages, notwithstanding the deterioration in the terms of trade which a¤ects negatively
households�consumption. In addition, the increase in employment yields a temporary decline in
the capital to labour ratio and therefore in the marginal product of labour, leading to a decrease
in wages. Investment also increases to re-establish the original capital to labour ratio and marginal
product of labour, implying that real wages return to baseline in the long run. The GDP e¤ect is
initially smaller than the increase in employment, but builds up gradually over time due to the fact
that higher employment in the R&D sector translates into an increase in the production of patents,
which in turn boosts productivity.
Table 2 reports the GDP e¤ect and the degree of self-�nancing of the measure over time. Labour

tax revenue declines as a result of the lower tax rate and lower real wages earned by workers.
However, the expansion of the tax base partially compensates for this e¤ect and the negative impact
on revenue collection decreases over time. Higher private consumption and investment lead to an
increase in both consumption and capital tax revenue. On the expenditure side, bene�t payments
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Figure 1: 0.5% of GDP labour income tax cut (% deviation from baseline)
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Table 2: Average labour income tax cut - E¤ect on GDP and degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
GDP (% deviation from baseline) 0.02 0.14 0.19 0.22 0.23 0.27 0.30 0.34 0.36
Degree of self-�nancing (%) 0 18 22 26 28 32 34 36 38

decrease as a result of the increase in employment and the decline in real wages. In the �rst year,
the measure has an impact on revenue collection close to zero, as the expansion of the tax base
triggered by the measure is not yet su¢ cient to compensate for the budget e¤ect of the reduction
in the tax rate. The degree of self-�nancing of the labour tax cut increases rapidly over time and,
in the long run, accounts for 38% of the initial budget e¤ect of the policy measure.

4.1.2 Skill-biased reductions in labour income tax

As noted above, a reduction in the labour income tax rate has very di¤erent implications for the
economy depending on the category of households it targets. Workers with di¤erent skill levels
di¤er in terms of their preference for leisure and of the e¢ ciency level at which they contribute to
production. Labour adjustment costs also vary across skill groups and are higher for high-skilled
workers. As shown in Figure 2, the most e¤ective measure is a reduction in labour income taxation
paid by low-skilled workers. In the long run, aggregate employment is 0.6% higher than in the
baseline. This e¤ect is driven by a 2.3% increase in low-skilled workers employment. The lower
initial employment rate of low-skilled workers relative to other skill groups largely explains the
stronger employment e¤ect observed. A lower employment rate implies a lower marginal utility of
leisure and that an increase in labour supply of the same magnitude represents a proportionally
smaller decrease in leisure. This translates into a stronger downward pressure on wages and a larger
increase in the employment rate than in the case of medium-skilled and high-skilled workers.
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Figure 2: 0.5% of GDP skill-biased labour tax cut (% deviation from baseline)
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The degree of self-�nancing also varies widely between the measures. The stronger response of
the economy to a labour tax cut targeted at low-skilled workers yields a larger increase in labour,
consumption and capital tax revenue and a larger decline in bene�t payments.
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Table 3: Skill-biased labour income tax cuts-GDP e¤ect and degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
Low-skilled workers

GDP (% deviation from baseline) 0.07 0.18 0.25 0.29 0.31 0.37 0.43 0.48 0.50
Degree of self-�nancing (%) 2 20 28 34 36 44 48 52 52

Medium-skilled workers
GDP (% deviation from baseline) 0.01 0.13 0.18 0.20 0.22 0.24 0.28 0.31 0.32
Degree of self-�nancing (%) -2 18 22 24 26 28 32 34 34

High-skilled workers
GDP (% deviation from baseline) 0.00 0.07 0.09 0.10 0.10 0.12 0.15 0.19 0.21
Degree of self-�nancing (%) 2 10 12 12 12 14 16 18 20

4.2 Capital income tax

A reduction in the capital income tax rate, �k, increases the marginal net return to capital, which
in turn stimulates private investment and leads to an increase in the stock of capital. In our
simulations, the capital income tax rate decreases by 3.5 percentage points to 36.8% (from an
initial rate of 40.3%), boosting investment, which, in the long run, is approximately 4% higher than
in the baseline.
The strong increase in investment and thereby in the stock of capital translates into a gradual

increase in GDP, while consumption declines in the short to medium run. The tax cut also impacts
on real wages which increase due to the higher marginal product of labour. Moreover, the tax
cut stimulates investment in intangible capital, increasing the demand for patents and triggering a
reallocation of high-skilled workers from the �nal goods sector to the research sector. As output
grows, consumption also increases and is, after 50 years, 0.4% higher than in the baseline.
In the long run, the reduction in capital income taxation has a relatively high rate of self-

�nancing. However, in the short run the e¤ect is mixed, as the positive contribution from an
increase in labour tax revenue (due to higher wages and higher employment) is more than o¤set by
a decline in consumption tax receipts. In addition, the increase in R&D investment triggered by the
tax cut requires larger tax credit payments. Over time, the labour tax base expands further and
consumption tax revenues also start to increase, leading to a long-run self-�nancing rate of 40%.
This dynamics is consistent with the �ndings of Trabandt and Uhlig (2010), who calculate that the
largest contribution to total tax receipts from a cut in capital taxation comes from an increase in
labour tax revenue.

Table 4: Capital income tax cut-Degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
GDP (% deviation from baseline) 0.03 0.07 0.12 0.18 0.25 0.53 0.92 1.36 1.46
Degree of self-�nancing (%) 8 0 -2 -2 0 10 24 40 40
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Figure 3: 0.5% of GDP decrease in capital income tax
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4.3 Consumption tax

A 0.5% of GDP consumption tax cut entails a 0.9 percentage points reduction in the tax rate to
18%. The policy has smaller GDP e¤ects than equivalent (in terms of the initial budget impact)
cuts in labour or capital income tax rates. The measure translates into a decrease in consumer
prices, thereby increasing the real value of pro�t and labour income received by individuals and
boosting consumption. In addition, the increase in lump-sum taxes needed to keep the debt-to-
GDP ratio constant strengthens the incentives to work and leads to an increase in employment.
The decline in the capital to labour ratio, in turn, stimulates investment to re-establish the original
ratio in the long run.
The self-�nancing rate of the policy is relatively modest at 24% in the long run. Labour tax

revenue increases and bene�t payments decrease as a result of the rise in employment triggered by
the tax cut. However, most of the feedback e¤ect on the government budget comes from an increase
in consumption tax revenues which partially o¤sets the negative impact of the reduction in the tax
rate.

Table 5: Consumption tax cut-Degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
GDP (% deviation from baseline) 0.01 0.08 0.11 0.12 0.13 0.15 0.18 0.20 0.21
Degree of self-�nancing (%) 2 12 16 18 18 20 22 24 24
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Figure 4: 0.5% of GDP cut in consumption tax
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4.4 Tax credit to R&D

Finally, we discuss the e¤ects of a tax credit set to stimulate R&D activity. The tax credit is granted
to the non liquidity constrained households on their income from the licensing of patents (bought
from the R&D sector) to intermediate �rms. Figure 5 shows the e¤ects of the shock on the main
macroeconomic variables, while Table 6 reports the GDP e¤ects and the degree of self-�nancing of
the measure. The tax credit encourages households to lower the rental rate of intangible capital,
reducing the costs faced by intermediate �rms and stimulating the demand for patents. This in turn
yields a reallocation of high-skilled workers from the �nal goods sector to the R&D sector. In the
short run, the process translates into a decline in GDP. The decrease in high-skilled labour employed
in the �nal goods sector is associated with a lower marginal product of capital, which has a negative
e¤ect on the demand for tangible capital. As shown in Figure 5, investment declines steadily over
the �rst 8 years following the introduction of the tax credit, when it starts increasing again. In
the long run, however, the reduction in the entry costs faced by �rms leads to an acceleration of
technological progress and an increase in the demand for capital. After 50 years, investment in
tangible capital and GDP are respectively 1.15% and 0.55% higher than in the baseline.
Table 6 shows that over the initial years of the policy the adoption of the tax credit has a

negative e¤ect on the government budget which exceeds its static scoring e¤ect by as much as 90%
(in the fourth year). This is mostly due to the large increase in tax credit payments caused by the
expansion of the R&D sector which is not fully compensated by the wider tax base. The strong
increase in demand for high-skilled workers in the R&D sector leads to an increase in their real
wages. Over time, labour, consumption and capital income tax revenue increase, such that the
measure is partially self-�nancing in the long run. Unlike the measures discussed in the previous
subsections, the e¤ects on the government budget of an increase in the tax credit rate on investment
in intangible capital depend strongly on the size of the shock.
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Figure 5: 0.5% of GDP tax credit to R&D sector
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Table 6: Tax credit on investment in intangible capital-Degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
GDP (% deviation from baseline) -0.1 -0.29 -0.37 -0.37 -0.34 -0.06 0.41 1.15 1.45
Degree of self-�nancing (%) -54 -80 -88 -90 -88 -72 -40 10 28
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Table 7: Elasticity of labour supply-GDP e¤ect and degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
Labour tax cut

Low elasticity (0.1)
GDP (% deviation from baseline) 0.01 0.08 0.10 0.11 0.11 0.13 0.14 0.16 0.16
Degree of self-�nancing (%) -2 9 12 13 14 15 16 17 17

High elasticity (0.5)
GDP (% deviation from baseline) 0.03 0.20 0.28 0.33 0.35 0.43 0.50 0.58 0.60
Degree of self-�nancing (%) 1 27 34 39 43 51 58 63 64

Capital tax cut
Low elasticity (0.1)

GDP (% deviation from baseline) 0.02 0.05 0.10 0.15 0.22 0.49 0.87 1.33 1.44
Degree of self-�nancing (%) 8 -3 -5 -5 -4 6 20 36 39

High elasticity (0.5)
GDP (% deviation from baseline) 0.03 0.08 0.14 0.21 0.28 0.57 0.97 1.41 1.49
Degree of self-�nancing (%) 9 2 1 2 4 15 30 44 43

4.5 Sensitivity analysis

In this section, we analyse the sensitivity of the results presented above to variations in the elasticity
of labour supply and the initial level of the tax rate, which previous studies have identi�ed as key
factors a¤ecting the impact of �scal reforms. Mankiw and Weinzierl (2006), for example, �nd that
the rate of self-�nancing of a cut in the capital tax rate increases from 50% to 75% if the initial tax
rate is set to 40% instead of 25%, as in their baseline calibration.

4.5.1 Elasticity of labour supply

The elasticity of labour supply determines the size and speed of the labour supply response to
the shock. Mankiw and Weinzierl (2006) experiment for di¤erent values of the elasticity of labour
supply and �nd that increasing its value from 0.5 to 1.5 raises the degree of self-�nancing of a
labour tax cut from 17% to 30%. In our baseline calibration the elasticity of labour supply is set
equal to 0.25. However, estimates of the parameter vary widely in the literature. Studies based
on micro data tend to estimate smaller elasticities than those obtained at the aggregate level (see
Kimball and Shapiro, 2003, for a discussion). In this section, we consider a low (0.1) and a high
(0.5) elasticity scenario and compare the e¤ects of labour and capital tax cuts.
Table 7 illustrates the role of the elasticity of labour supply in determining the e¤ects of a 0.5%

of GDP labour tax cut. As can be observed from the table, the short and long run self-�nancing
rate of a labour tax cut are strongly a¤ected by how strongly workers react to changes in the tax
rate.

4.6 The role of the initial tax rate

Another important factor a¤ecting the magnitude of the rate of self-�nancing is the initial level of
the tax rate. Ganelli and Tervala (2008) consider an initial labour income tax rate of 20% (and
a 1 percentage point cut) and a consumption tax rate of 8%. Mankiw and Weinzierl (2006) carry
out their calculations of the self-�nancing e¤ect of a tax cut assuming initial labour and capital
income tax rates of 25%. Trabandt and Uhlig (2010) calibrate their model using e¤ective tax rates
calculated according to the method described by Mendoza et al. (1994). The labour, capital and
consumption tax rates used for their calibration of the EU-14 economy are respectively 41%, 33%
and 17%.
In order to assess the role of the initial level of the tax rate in determining the macroeconomic

e¤ects of a tax cut, we carry out a sensitivity analysis by comparing the impact of a 0.5% of GDP
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Table 8: Initial labour tax rate-Degree of self-�nancing
Years after the measure

1 2 3 4 5 10 20 50 100
Low tax rate

GDP (% deviation from baseline) 0.02 0.11 0.15 0.16 0.17 0.19 0.22 0.25 0.25
Degree of self-�nancing (%) -1 13 16 18 19 21 23 24 24

High tax rate
GDP (% deviation from baseline) 0.03 0.20 0.29 0.33 0.36 0.43 0.51 0.59 0.61

Degree of self-�nancing (%) 1 28 36 42 46 55 63 69 71

labour tax cut for alternative values of the labour tax rate prevailing in the economy before the
adoption of the measure. In our baseline calibration, the labour tax rate is set equal to 37.1%.
Below, we discuss the budgetary implications of labour income tax cuts of the same magnitude
discussed in Section 4.1 starting from di¤erent values of the initial tax rate. For the purpose of
these simulations, we consider a "low tax" scenario characterised by an initial tax rate 10 percentage
points lower than in the baseline (27.1%) and a "high tax" scenario with an initial tax rate 10
percentage points higher (47.1%). As shown in Table 8, the initial level of the tax rate plays a key
role in determining the e¤ects of a cut on the goverment budget, with a degree of self-�nancing as
high as 71% in the case of an economy starting from a high tax rate.
The reason behind the wide variations in the self-�nancing rate of the measure can be explained

by considering a simpli�ed labour supply equation:

L = 1� !
 

PCC

W 1�tL
1+tvat

!�
where � denotes the elasticity of labour supply, ! is the preference parameter for leisure and the
tax wedge is given by

tw =
1� tL
1 + tV AT

The percentage change in the tax wedge with respect to a constant absolute change in the labour
tax rate increases with the initial level of the tax rate:

@tw
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5 Conclusions

This paper analyses the macroeconomic e¤ects of a set of �scal measures in a DSGE model with
endogenous growth, with a focus on their degree of self-�nancing, i.e. on the extent to which they
are able to pay for themselves through general equilibrium incentive e¤ects.
The main �ndings are the following. First of all, a reduction in the capital income tax rate has

larger long-run GDP e¤ects and self-�nancing rates than same-size cuts in the average labour tax
rate or in the consumption tax rate. However, these e¤ects take time to materialise as the stock
of capital increases over time, while labour and consumption �scal reforms have a larger short-run
impact.
Secondly, the model allows to consider more targeted policies such as skill-biased labour tax cuts

and tax credits to R&D. A labour tax decrease targeting low-skilled workers, whose employment
rates are low relative to other skill groups, exhibits the highest self-�nancing rate at 52%.
Finally, a sensitivity analysis shows that the degree of self-�nancing of labour tax cuts increases

with the elasticity of labour supply, which determines the size and the speed of the labour supply
response to the policy change (while the e¤ects of a capital tax cut are much less dependent from
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the parameter). Moreover, the impact on output and the degree of self-�nancing of expansionary
�scal measures are positively related to the initial level of the tax rate.
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