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Abstract: The debate on the way of stabilizing the economy, through cuts in public spending
or rises in taxes, has been intensified after the crisis in 2008. This holds primarily for the
Eurozone periphery countries. In view of high public debts, these countries have been urged
to adopt restrictive fiscal policies which have further dampened demand and have worsened
the recession, at least in the short term. It is known that within a dynamic general equilibrium
(DGE) model with a representative agent a reduction of capital tax rates and the move of the
tax burden to labour taxes produces social welfare benefits. However, one should not neglect
the resulting distributional implications, which may favour some social groups vis-a-vis
others. Such distributional implications are significantly influenced by imperfections in
product and labour markets. Thus, this paper employs a DGE model that incorporates
heterogeneous agents (entrepreneurs and workers) and imperfectly competitive product and
labour markets, augmented with a relatively rich public sector, to quantify the
macroeconomic and distributional implications of fiscal reforms like the above in the euro
area.

Our main results are as follows: First, the most effective policy for the government to boost
output is to reduce the capital tax rate, regardless the policy instrument that adjusts. In
addition, if the goal of tax-spending policy is to promote welfare, then it should decrease the
tax rate on labour and increase the consumption tax rate. Finally, a reduction in any of the
tax rates, financed by an increase in capital tax rate, leads to a fall of inequality between the
two social groups.
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1 Introduction

Fiscal policy reforms have been well researched and there is a long tradition in searching the
ways of stabilizing the economy with the use of a mix of public spending and tax policy.
This debate has been intensified after the emergence of the crisis in 2008, with most of
Eurozone periphery countries experience a serious debt crisis. In view of this fact these
countries have been urged to adopt restrictive fiscal policies dampening demand and leading
to severe recession. So, issues that deal with the mix of taxes with the reduction of public
debt and stimulation of the economy, take on great importance in Europe. It is known that
within a dynamic general equilibrium (DGE) model with a representative agent a reduction
of a constant capital tax rate and the move of the burden to labour tax produces output
benefits for the society. However, one should not neglect important distributional
implications which favour some groups vis a vis the others. These gains and distributional
implications are influenced from the imperfections in product and labour markets.

In light of the above, this paper employs a DGE model that incorporates
heterogeneous agents (entrepreneurs and workers) and imperfectly competitive product and
labour markets, augmented with a relatively rich public sector, to examine the quantitative
macroeconomic and welfare implications of fiscal reforms in Euro Area. It contributes to the
literature on the effects of tax-spending policy reforms.' In particular, it analyses the effects
of: (i) changes in the composition of tax rates; and (ii) changes in public investment met by
adjustment in one of the distorting tax rate. It is explored how these reforms affect the
economy both in long —run and along the transition path to a new post-reform steady state. A
qualitative assessment of the welfare effects associated with the alternative policy reform is
also provided.

Our main results are as follows: First, the most effective policy for the government to
boost output is to reduce the capital tax rate, regardless the policy instrument that adjusts. In
addition, if the goal of tax-spending policy is to promote welfare, then it should decrease the
tax rate on labour and increase the consumption tax rate. Finally, a reduction in any of the
tax rates, financed by an increase in capital tax rate, leads to a fall of inequality between the
two social groups. We notice that the results qualitatively are intuitively and quantitatively
are small.

The rest of the paper is organised as follows: section 2 presents the theoretical model,
section 3 includes baseline parameterization, section 4 studies the tax-spending reforms and
finally, the last section concludes the results. An Appendix includes technical details.

2 Model

This section sets up a dynamic general equilibrium model with imperfect competition in
product and labour markets. We start with an informal description of the model.

2.1 Informal description of the model

The economy consists of households, firms, trade unions and a government. There are two
distinct types of households, called entrepreneurs and workers, who differ in capital
ownership.” Entrepreneurs save in the form of physical capital and government bonds. They
also own the firms and receive their profits. Workers, on the other hand, are assumed to face

! For the effects of tax-spending reforms in general equilibrium models with imperfections, see among others
Ardagna (2007), Angelopoulos et al. (2013).

? The distinction between capitalists and workers follows a long tradition in the literature on economic policy
and social conflict that dates back to e.g. Judd (1985). See Lansing (2011) for a review of general equilibrium
models with concentrated ownership of capital as a type of agent heterogeneity.



transactions costs for saving or borrowing which prohibit their participation in financial
markets; they thus consume all their disposable income in each time period. Workers may be
unemployed; in this case, they receive unemployment benefits from the government.
Workers (employed and unemployed) are represented by a trade union which bargains with
firms over the wage rate in a right-to-manage union fashion. On the production side, there
are final and intermediate good firms. Final good firms act competitively and make zero
profits. By contrast, intermediate good firms, being owned by entrepreneurs, enjoy
monopoly power in their own product market and make profits. Finally, the government
issues bonds and taxes consumption, labour income and capital income in order to finance
public spending. The latter includes a uniform lump-sum transfer to all households, public
investment that augments public infrastructure benefiting private firms, public consumption
that provides direct utility to all households and unemployment benefits received by
unemployed workers. The time horizon is infinite and the time is discrete. For simplicity,
there is no uncertainty.

2.2 Population

Total population, N , is exogenous and constant over time. There are k =1,2,..., N* identical
entrepreneurs and w=1,2,..., N" identical workers, where N =N —N*. It is convenient to
define their population shares, N*/ N =n" and n” =1-n". For notational simplicity, we
assume that each entrepreneur owns one of the profit-making intermediate good firms, N';
thus, the number of these firms equals the number of entrepreneurs, N' = N*.

2.3 Households
As said, there are two types of households, entrepreneurs and workers. The lifetime utility of
each type of household, denoted by superscript j =k, w, is:

> B u(Cl+yGy) (1)
t=0
where the parameter S e (0,1) is the time preference rate, C/ is j’s consumption and C_;f is

average (per household) government spending on utility-enhancing public goods and
services. Thus, as in e.g. Christiano and Eichenbaum (1992), government consumption

spending influences private utility through the value of the parameter y € [—1, l] 3

In our numerical solutions, we will use for the instantaneous utility function:

(C,j —H,Véf )170

u(Cth//éf): —o

()

where o >1 is a parameter.

2.3.1 Households as entrepreneurs

? Following the related literature (see e.g. Ardagna, 2007, and Angelopoulos et al., 2013), and for simplicity,
we do not allow for endogenous leisure in the utility function. All agents supply inelastically one unit of time
when at work.



Each entrepreneur, &, saves in the form of physical capital, I, and government bonds, D).
He receives gross income from one unit labour services supplied inelastically at a wage rate
w!, capital holdings, 7*K*, and government bonds, "B’ . Thus, r* denotes the gross return

to the beginning-of-period capital, K, and " denotes the gross return to the beginning-of-

period government bonds, B'. Two additional sources of income are dividends paid by

k

., and average (per household) lump-sum government transfers, (_;,’. Thus, the

firms, 7
budget constraint of each entrepreneur at time ¢ is:

(A+z)CF+1F +Df =

R , — 3)
:(l—rtw)wt’e,’ +G (l—e;)+rtthk —zf (1;" —5")Kf +1"Bf +(1—Ttk)7rtk +G

where 0<7; <1 is the tax rate on consumption, 0 <7" <1 is the tax rate on labour income,

0<7' <1 is the tax rate on income from capital and dividends and the parameter 67 € (0, 1)

is the depreciation rate of capital.’®
The laws of motion of physical capital and government bonds are:

szﬂ :(1_51])[{,1( +1,k, K;‘ >0 given (4)

Bf,=B'+Df, B} >0 given (5)

t+1

Therefore, the entrepreneur’s problem is to choose {C,k,K["H,BfH}iO to maximize (1)

and (2) subject to the budget constraint, (3), and the law of motion of capital and bonds, (4)
and (5), taking market prices {rtb,r,k ,wf}:o_o, the employment rate {ef}jo_o , profits {7[," }io ,
policy variables {rf,r,k 7', G ,5;‘}:), and initial condition for K and B as given.

The first order conditions include the constraints, (3)-(5), and:

Lo () [ U au, Oy e\ s
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which are the Euler equations for K*, and B', respectively. The optimality conditions are

,ou (.
t(k) Kf =0  and
ac

completed  with  the  terminal  conditions, lim, A

. ,ou,(.)
lim, A 8&," B, =0.

* We assume that capital taxes are net of depreciation and that the fiscal authorities cannot impose separate tax
rates on profits and capital income. We also assume that returns to government bonds are untaxed. These
assumptions are not important to our results.



2.3.2 Households as workers
Since workers are excluded from financial markets, the within-period budget constraint of
each worker, w, is:

(1+77)Cr =(1-7")wie| + G/ (1-¢/ )+ G| (7)

Individual workers do not make any choices. Given w;, which is determined by the

firm-union bargaining and the associated employment level, ¢/, determined by firms (see
below), their consumption follows residually from their budget constraint (7).

2.4 Firms and the production structure

The production environment consists of two sectors: the intermediate good sector and the
final good sector. Following Guo and Lansing (1999) and many others in the literature on
imperfect competition in product markets, we assume that the final good sector is perfectly
competitive, while each intermediate good firm acts as a monopolist in its own market.

2.4.1 Final good firms
Assume, for simplicity, that the single final good is produced by one firm. The output of this
firm, Y, is produced by a Dixit-Stiglitz type constant returns to scale technology:

S

Y; :|:§l:ﬂ’l (Y;l)g:|
(8)

Ni
where A’ denotes the weight attached to each input i (we assume 2/1’ =1 to avoid scale
i=1

effects, in equilibrium) and 96(0,1] is a measure of the monopoly power enjoyed by

intermediate good producers.’
The profit of the final good producer is defined as:

N[
=Y~ ZFY, )
i=1

where P’ is the price of each intermediate good i relative to the price of the single final

good.

The final good producer behaves competitively by choosing intermediate inputs, Y,

to maximize profits, Il,. The first-order condition yields the well-known function:
y 1-6
’ (YJ j 1o

> When 6 =1, intermediate goods are perfect substitutes to each other in the production of the final goods so
that intermediate good producers have no market power.
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which gives the demand function for each intermediate good, Y/, used in the next step.

2.4.2 Intermediate good firms

Each intermediate firm produces a homogeneous product, Y', by choosing two private

: : : A . . . . K?
inputs, capital, K, and workers, L , and by using average (per firm) public capital, Nt Its

P

production function is:°

Y =A(K)" (L) [Kf T (11)

where A is total productivity and «,,a,,a; € (0,1) denote the output elasticity of private
capital, labour and public capital, respectively. We assume constant returns to all three inputs
and specifically o, +a, +a, =1.

The profit earned by the intermediate good producer at time t is:

R Sy (12)

g

. . ; . . K
Taking factor prices, r* and w' , final output, ¥, , and average public capital, V’i,

as given, the intermediate good firm chooses K’ and L to maximize profits, (12), subject to

its production function, (11), and the demand function for its output, (10) (see Appendix C
for more details).
The first order conditions are:

O~ —; (13a)

b, ) ) (13b)

the above conditions equate factor returns to marginal products. In turn, the profit of each
intermediate good firm is:

7 =(1-6a,-0a,)(Y) " (¥') (14

t

2.5 Trade union and wage bargaining
We employ a right-to-manage setup where trade unions (representing workers) and firm
federations (representing monopolistic intermediate good firms) bargain over workers’ wage

® We include public investment, and hence public capital, because we wish to have as many fiscal policy
instruments as possible and to be close to the data. See e.g. Lansing (1998), for a similar production function.

6



rate, w,". Thus, w" is chosen so as to maximize a weighted average of the representative
worker’s labour income and the representative intermediate good firm’s profit:
. R . — ¢ . ¢
Ul =[(1-2" ) wir L + Gy (1-n"L) -G | [ 7+ 1K} ] (15)
subject to the labour demand function (13b), and the intermediate firm’s product demand
function, (10), taking the capital stock, Kf , final output, Y, and the fiscal policy variables,

c k _w ~u ot :
{z‘t ,7,,7,,G,G, } , as given.

In the above setup, n“L =€’ is the average employment rate, so that (1 —nkL’;) is the

unemployment rate and ¢ € [O,l] describes the relative bargaining power of the union, with
¢ =1 representing the monopoly union case. The outside option for the union is the
unemployment benefit, G*, while for the firm it is the sunk cost of capital, —*K;, which is

a consequence of the assumption that the representative firm takes the average capital
accumulation as given (see Appendix D for more details).
The first order condition is:

(=)0 (1) (1) = EH (=)0

t

G'L 16
O, e (16)

2.6 Government

On the revenue side, the government issues new bonds, B,,,, and taxes consumption, labour

+1°

income and capital income at the rates 0< 7 <1, 0<7" <1 and 0<7" <1 respectively. On
the spending side, the government spends on total unemployment benefits, NG" (l—e, ) ,

total lump-sum transfers, NC_}[, total public investment, NC_}f (we define C_}f as the per capita

public investment) and total public consumption, N Gf. Thus, the within-period government
budget constraint is:

NG + NG, + NG, + NG/ (1-¢ )+(1+1") B, =
. (17)
=N'zf (rtk —5”)Kf +N'tizf + Ne'wle + N*t°C" + N*t°Cf + B,

t

Public investment spending is used to augment public capital used by firms. If we

g
t

define the per capita public capital as /Eg = , the law of motion is:

kf =(1-69kf+G (18)

where the parameter 0% € (O, 1) is the depreciation rate of public capital.

If we divide the above aggregate constraint by total population, we have in per capita terms:



G +G +G +G" (1_et)+(1+rtb)%:
(19)

:nkr,k(r,k—5p) +n'ti v we +n"tC" + ' CF +

Thus, in each  period, there are eight  policy  instruments
(¢.7f.2".G".G,.G; .G/, B

T, ,T,), - Hl)out of which only seven can be set independently, with the
eighth following residually to satisfy the government budget constraint. Following most of

the related literature, we assume that, along the transition path, the adjusting instrument is
the end-of-period public debt, B, ,, so that the rest can be set exogenously by the
government. At the steady state, we will, instead, set the debt-to-output ratio as in the data
and allow government transfers to be the residually determined public financing instrument.

For convenience, concerning the spending policy instruments, we work in terms of
their GDP shares:

o NG G o NG G SuZG;(N—N’fJ;)_c_;,“(l—n’fo) G'(1- ¢) .
t NkYti nkYti 2 t_Nk}/ti nk}/ti > Pt T NkI/ti nk}/ti n Yl
. Nétt _tt
S = kv i

N,

2.7 Decentralized disequilibrium (DD) of the status quo economy

We solve for a symmetric decentralized disequilibrium (DD). Symmetricity implies ¥’ =Y,

t

and P' =1 (see also e.g. Guo and Lansing, 1999). Given the exogenously set policy

instruments {z‘t To, Tl s sl s ,st} , and 1initial conditions for the state variables, K, and

By, a symmetric DD is defined to be an allocation

t+1° t >+l

{Y’ CHKE,CY e mb k5w, B,H} _, such that (i) households, firms and unions

undertake their respective optimization problems; (ii) all budget constraints are satisfied; and
(ii1) all markets clear except in the labour market where we can have deviation from full

employment (full employment means e, =1). Details are in Appendix 1. This is for any

feasible policy. The dynamic system summarizing this symmetric DD and the resulting
system in the steady state are presented in Appendices 2 and 3 respectively. The next section
solves this model numerically.

3 Parameterization and solution of the above model
This section solves the above model numerically.

3.1 Parameter values and policy instruments

Table 1 reports the baseline parameter values for technology and preference, as well as the
values of exogenous policy variables, used to solve the above model economy. The time unit
is meant to be a year. Regarding parameters for technology and preference, we use relatively
standard values often employed by the business cycle literature. Public spending and tax rate
values are those of data averages of the European economy over 1990-2008. The data are
obtained from OECD, Economic Outlook No. 90.



Table 1: Baseline parameter values and policy instruments
.Parameters and policy Definition Value
instruments
0<p<1 Rate of time preference 0.97
0<q <1 Private capital share in production 0.33
0<a, <l Labour share in production 0.65
0<a, <1 Public capital share in production 0.02
0<8” <1 Depreciation rate on private capital 0.10
0<5¢ <1 Depreciation rate on public capital 0.10
0<nf <1 Population share of entrepreneurs 0.30
o>1 Relative risk aversion coefficient 2
A TFP level 1
1<y <1 Substitutability between private and | O

public consumption in utility

0<¢<1 Union power 0.50
0<0<1 Product market power 0.90
0<7°<1 Consumption tax rate 0.1936
0<7"<1 Tax rate on capital income 0.3209
0<7"<1 Tax rate on labour income 0.3667
5" Unemployment benefits to output ratio 0.024
Bt Public debt to output ratio 0.60
Y[
s¢ Public Consumption to output ratio 0.20

t
5! Public Investment to output ratio 0.02

Let us discuss, briefly, the values summarized in Table 1. Workers’ and
entrepreneurs’ labour shares in the production function of the intermediate good firm, «, and

a,, are set at 0.45 and 0.20 respectively. The public capital share, «,, is set equal to 0.02,

which is also the GDP share of public investment in the data (see e.g. Baxter and King, 1993,
for similar practice for the US). Given the values of «,, a;and «,, the private capital share

is a,=1-a, —a,—a, =0.33. We normalise the total factor productivity parameter, A, to 1.
We also use common values for the intertemporal elasticity of substitution, 1/c=0.5 or

o =2 and the time discount factor, f=0.97. We assume that the depreciation rate of
physical capital is 10%, which is the value calculated by Angelopoulos et al., (2009), and
also set the same value for the depreciation rate of public capital. Note that the depreciation
rates matter for the long-run value of the investment share in GDP, but have little effect on
near steady-state dynamics in this class of models (see also e.g. King and Rebelo, 1999). The
parameter, y , which measures the degree of substitutability/complementary between private
and public consumption in the utility function, is set equal to 0; as Christiano and
Eichenbaum (1992) explain, this means that government consumption is equivalent to a
resource drain in the macro-economy. We set the share of entrepreneurs, n", to 0.3. This is
the share of households, as calculated by Angelopoulos ef al. (2013), who have savings
above £10,000. We choose a neutral value for union power, ¢ =0.5, which is in the middle
of the range



(i.e. 0.4 to 0.6) of values typically used in the literature, and a value for the market power in
the product market, & =0.9, implying that profits, in equilibrium, amount to around 10% of
GDP.”?

The effective tax rates on consumption, capital and labour in the data are respectively

7=0.1936, 7"=0.3209 and 7" =0.3667. The values of the output shares of public
spending on consumption and unemployment benefits are respectively s; =0.20 and

s, =0.024 . At the steady state, the public debt to output ratio is set at 0.60, which is close to
the average value in the data over the sample period and has also been the Maastricht Treaty
reference value. In turn, government transfers as a share of output, s;, follow residually to
close the government budget in this steady state solution.

3.2 Steady state solution or the “status quo”

Given the parameter and policy instrument values in Table 1, the steady state solution
of the model economy is reported in Table 2. The solution is meaningful. For instance, the
solution for the key ratios, like consumption and private investment as shares of output, as
well as the replacement rate, are close to those in the data. This steady state solution is what
we call the “status quo” or pre-reformed. We also report that this economy, when log-
linearized above its steady state solution, is saddle-path stable. In the next section, departing
from this status quo steady state solution, we will study the implications of various structural
reforms. In the next sections, departing from this status quo solution, we study the
implications of fiscal policy reforms.

Table 2: Pre-reform steady state

cly 0.5821 r* 0.3209
'y 0.1979 | u=1-e 0.0807
K'Y 1.9788 | y» 0.7600
K&y 0.2000 | w” 0.4813
B'[Y 0.6000 | »* 0.1455
s’ 0.1343 | # 0.0309
s" 0.0240 | C 0.6952
5¢ 0.2000 | ¢* 1.0828
s’ 0.0200 | ¢c* 0.5291
7y 0.1270 | u™ -1.5999
G Jw" 0.4675 | U* -0.9235
o 0.3667 | v~ -1.8898
¢ 0.1936

4 Fiscal policy reforms

This section discusses the hypothetical reforms studied and then reports numerical results.

7 See e.g. Domeij (2005) for a discussion of the relevant studies and empirical evidence.
¥ This value approximates the magnitude typically employed in New Keynesian models to capture the price
mark-up over marginal costs.
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4.1 Discussion of structural reforms studied

Departing from this situation, or what we have called the status quo, we study the aggregate
and distributional effects of changing the tax-spending mix. We conduct policy experiments
in which the government at time t=0 undertakes a permanent, unanticipated change in one of

the distorting tax rates or spending categories(r”’,rk ,7°,G', G ,GC), compensated by a

permanent change in another instrument that adjusts to satisfy the intertemporal government
budget constraint (Domeij and Heathcote, 2004). In our experiments, we change only one
exogenous policy instrument at a time, and allow only one policy instrument to adjust at a
time, while keeping all other instrument constant at their initial steady state levels. In
addition, during the transition to the new steady state, the end of period public debt follows
residually from the within period government budget constrain in each time period.
Especially, we consider reforms that change the composition of the tax mix as well as
reforms that alter the composition of the tax-spending mix. In particular, to study the effects
of changes in the tax mix, we examine policy experiments in which (i) a 10% permanent

reduction in capital tax rate,z*, is met by a permanent increase in labour tax rate, r",
(reformed economy 1), (ii) a 10% permanent reduction in capital tax rate, 7", is met by a
permanent increase in consumption tax rate, z°, (reformed economy 2), (iii) a 10%
permanent reduction in consumption tax rate,z°, is met by a permanent increase in labour
tax rate, 7", (reformed economy 3), (iv) a 10% permanent reduction in consumption tax
rate, 7°, is met by a permanent increase in labour tax rate, r*, (reformed economy 4), (v) a
10% permanent reduction in labour tax rate, 7", is met by a permanent increase in capital tax
rate, 7* (reformed economy 5). To examine the effects of changes in the tax-spending mix,

we conduct policy experiment in which a 10% permanent increase in public investment, G',
is financed by an increase in labour tax rate, 7", (reformed economy 6). We simulate the

economy for 300 periods and obtain the dynamic paths of the endogenous variables along the
transition path from the pre-reform equilibrium to the new long run equilibrium associated
with the assumed reform.

4.2 How we work

To implement a reform and to solve the model, we work as follows. First, we solve for the
pre-reform steady state and assume that the economy has been in this equilibrium until
period zero. Second, we solve for the value of the policy instrument that allow adjusting and
is consistent with the post-reform steady state exogenously change policy instrument and the
pre-reform policy instruments. In particular, we obtain the new, post-reform steady state
solution, by setting the new value of the exogenously changed policy instrument, holding all
the others policy instruments at their pre-reform levels and letting one policy instrument
adjust in the government budget constraint in the new steady state. Third, we impose the tax
reform on the pre-reform equilibrium in period zero and obtain the dynamic solution of the
system. In particular, we impose the reform in period-0 and solve the dynamic DD system
for T=300 periods, keeping the two policy instruments that have been changed flat over time

at their post reform values and letting s” be residually determined so that the government

budget constraint is satisfied.

The initial conditions for the model's state variables are given by the steady state
solution of the pre-reform economy. For the terminal values of the forward looking
variables, we assume that after T years the dynamic system has converged to its new steady

11



state. This implies that the appropriate terminal conditions are obtained by setting the values
for these variables equal to those of the preceding period.

The final system is given by 16(T+1) equations, which is solved non-linearly using
the Matlab FSOLVE function. This gives the dynamic transition to the new steady state for
— . . L =, = - = T
the Variables{Kk k&, B* 7t e Cf,CtW,I;b,l;k,wj,Yt’,Gf,Gt”,Gf,G’ Sb},,oa where we set T =

412 L 10 0 0 to°t

300 to ensure that convergence is achieved (see Appendix 4 for more details).

In all cases, we analyse the transition from the initial steady state to the new one and
we study both aggregate and distributional implications. Regarding aggregate outcomes, we
look, for instance, at output, consumption, employment and welfare.” Regarding distribution,
we compute separately the income and welfare of the representative member in each social
group i.e. entrepreneurs vis a vis workers. The above values are then compared to their
respective values had we remain in the status quo economy permanently (see also e.g.
Cooley and Hansen, 1992, Economides ef al., 2012).

4.3 Steady state and transition results

This section studies the implications of tax-spending policy reforms in terms of efficiency
and income distribution, both in the steady state and the transition. Results of steady state
solutions for each case, the status quo and the reformed economies, are reported in Table 3a.
In Table 3b we present the steady state solutions of the reformed economies in percentage
changes of the status quo economy. We also calculate the welfare gains/losses from the tax-
spending reform for each type of agent and at the aggregate level, by computing the
consumption supplement required to make the agents in the status quo regime as well as in
the reformed economy. We denote welfare gains or losses for entrepreneurs, workers and the

aggregate economy as¢,¢"and ¢, t=1,10,50,300 (see Appendix 5 and Table 4). In

addition, we present the dynamic transition paths for the most important macroeconomic
variables in Figures 1-6.

? Aggregate per capita welfare is defined as the weighted average of entrepreneurs’ and workers’ welfare.
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Table 3a: Steady state solutions levels

Variable Status Quo Reformed Reformed Reformed Reformed Reformed Reformed
Economy 1 Economy 2 Economy 3 Economy 4 Economy 5 Economy 6
10% reduction | 10% reduction | 10% reduction | 10% reduction | 10% reduction | 10% increase

in 7* in 7* n ¢ n ¢ inz” in s’

_St policy 7" policy z° policy 7" policy 7t policy 7t policy 7" policy

Instrument instrument instrument instrument instrument instrument instrument
(1) ) (3) @) (5) (6) ()
Y 3.9811 4.0017 4.0091 3.9711 3.9413 3.9214 3.9966
netY"” 0.6316 0.6248 0.6360 0.6166 0.6253 0.6473 0.6312
netY* 2.0803 2.1121 2.1261 2.0616 2.0178 1.9960 2.0855
netY* /nety" 3.2937 3.3803 3.3428 3.3436 3.2271 3.0834 3.3041
C 0.6952 0.6954 0.6967 0.6935 0.6930 0.6939 0.6956
c” 0.5291 0.5235 0.5265 0.5251 0.5325 0.5424 0.5288
Cc* 1.0828 1.0966 1.0939 1.0865 1.0676 1.0474 1.0846
ckier 2.0464 2.0948 2.0776 2.0692 2.0050 1.9313 2.0511
K* 7.8779 8.0319 8.0469 7.8580 7.6414 7.4578 7.9085
K¢ 0.2389 0.2401 0.2405 0.2383 0.2365 0.2353 0.2638
u=1l-e 0.0807 0.0824 0.0807 0.0830 0.0807 0.0766 0.0812
w 0.7600 0.7653 0.7653 0.7600 0.7524 0.7453 0.7634
w 0.4813 0.4738 0.4847 0.4667 0.4765 0.4993 0.4803
7k 0.1455 0.1435 0.1435 0.1455 0.1485 0.1514 0.1455
7k 0.0309 0.0309 0.0309 0.0309 0.0309 0.0309 0.0309
" 0.3667 0.3809 0.3667 0.3860 0.3667 0.3300 0.3708
7€ 0.1936 0.1936 0.2080 0.1742 0.1742 0.1936 0.1936
* 0.3209 0.2888 0.2888 0.3209 0.3629 0.3987 0.3209
s' 0.0200 0.0200 0.0200 0.0200 0.0200 0.0200 0.0220

13




Table 3b: Steady state % changes

Variable Reformed Reformed Reformed Reformed Reformed Reformed
Economy 1 Economy 2 Economy 3 Economy 4 Economy 5 Economy 6
10% reduction 10% reduction 10% reduction 10% reduction 10% reduction 10% increase

in 7* in ¥ n ¢ in ¢ n " in s’

" adjusts ¢ adjusts " adjusts r* adjusts r* adjusts " adjusts
€)) (2) 3 4) Q) ©)
Y 0.52 0.70 -0.25 -1.00 -1.50 0.39
netY" -1.07 0.70 -2.38 -1.00 2.50 -0.06
netY* 1.53 2.20 -0.90 -3.00 -4.05 0.25
netY" [nety” 2.63 1.49 1.52 -2.02 -6.39 0.32
C 0.03 0.21 -0.25 -0.32 -0.20 0.04
c" -1.07 -0.50 -0.77 0.63 2.50 -0.06
c* 1.27 1.02 0.34 -1.41 -3.27 0.17
ct/cr 2.37 1.53 1.11 -2.02 -5.62 0.23
K* 1.96 2.14 -0.25 -3.00 -5.33 0.39
K?® 0.52 0.70 -0.25 -1.00 -1.50 10.43
u=l-e 2.11 0.00 2.88 0.00 -5.05 0.60
w 0.70 0.70 0.00 -1.00 -1.93 0.44
W -1.56 0.70 -3.04 -1.00 3.74 -0.21
rk -1.41 -1.41 0.00 2.06 4.05 0.00
7 0.00 0.00 0.00 0.00 0.00 0.00
" 3.89 0.00 5.25 0.00 -10.00 1.11
¢ 0.00 7.43 -10.00 -10.00 0.00 0.00
r* -10.00 -10.00 0.00 13.09 24.24 0.00
s' 0.00 0.00 0.00 0.00 0.00 10.00
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4.2.1 Aggregate effects

If the goal of tax policy is to stimulate the economy by changing the composition of
distortionary taxes, then it should decrease the tax rate on capital and increase the
consumption tax rate; this tax reform leads to the highest increase in output both in the short
and long run. In the new long run the output increases by about 0.70%. The reason is that the
reduction in the capital tax rate increases in private capital, despite that the increase in
consumption tax rate decreases total consumption in the short run. This reduction in the short
run consumption is very small in comparison with the increase in investment, and it comes
from the larger reduction of the workers’ consumption than the entrepreneurs’ one in the
short run. Furthermore, in the case in which the lower capital tax rate is compensated by a
higher labour tax rate, output rise due to the increase in investment, but this increase is less
than in the previous case because the increase in labour tax rate increases the unemployment.
The increase in output in the long run in this case is 0.52%.

In contrast, when the decrease in the labour tax rate is financed by a higher capital tax
rate, there is a decline in output in the short to medium run and in long run, due to the
decrease in investment and consumption, despite the increase in employment. The reduction
in output in the long run is about 1.50%, because a 10% reduction in labour tax rate is
compensated by a 24.24% increase in capital tax rate. Also, tax reforms that reduce the
consumption tax rate have negative effects on output both in the short and long run, and this
is regardless of the tax rate that adjusts to ensure fiscal solvency.'® Finally, a rise in
government investment to output ratio financed by higher labour taxes stimulates output in
the long run, but it leads to a fall in output over short-term-horizons.'' In this case, it takes a
long period of time before the positive impact of public infrastructure on the marginal
productivity of private inputs to offset the adverse effects induced by the lower after-tax real
wage. Similar conclusions can be found in Leeper et al. (2010) for the US economy.

Concerning the effects of the above policies on public finances, the results indicate
that, while a shift of the tax burden from capital taxes towards consumption taxes stimulates
the economy, it produces an increase in the primary deficit-to output ratio in the short run.
Therefore, consumption tax revenues cannot meet the loss in capital tax revenues in the early
stages of the tax reform. One the other hand, reductions in consumption taxes financed by
higher income taxes, do not stimulate the economy, but contribute to reducing the debt-to-
output ratio in the short run. See subplots (3,1) and (6,3) in figures 2, 3 and 4, where (3,1)
and (6,3) refer to row and column numbers respectively.

Let us now consider the effects of the alternative tax-spending structures on welfare.
Table 4 illustrates that a reduction in any of the tax rates financed by an increase in capital
tax rate leads to a welfare gain between 0.0059% and 0.0202%, for the aggregate economy.
In these cases, the aggregate utility rises along the transition path, due to the increase in total
consumption. Entrepreneurs’ loss in welfare, which comes from the increase in capital tax
rate and thus the decrease in their consumption, is smaller than the gain for the workers’
welfare, in the short and long run. For all other cases in Table 4 we notice welfare losses for
the aggregate economy.

To summarise, our results show that the most effective policy for the government to
boost output is to reduce the capital tax rate, regardless the policy instrument that adjusts. In
addition, if the goal of tax-spending policy is to promote welfare, then it should decrease the
tax rate on labour and increase the consumption tax rate.

' In the case that the reduction of the consumption tax rate is financed by a higher labour tax rate the output
decreases by 0.25% in the long run and when is financed by a higher capital tax rate the reduction of the output
in the long run is about 1%.

" The output increases about 0.39% in the long run.
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Table 4: Welfare gains and losses over time g, tk NN
| Reform 1 | Reform 2 | Reform 3 | Reform 4 | Reform 5 ‘ Reform 6

Capitalists

=1 0.0052 0.0020 0.0043 -0.0028 -0.0133 -0.0009

t=10 0.0072 0.0041 0.0041 -0.0057 -0.0181 -0.0007

t=50 0.0099 0.0070 0.0037 -0.0097 -0.0251 0.0002

t =300 0.0105 0.0077 0.0037 -0.0106 -0.0267 0.0005

Workers

r=1 -0.0167 -0.0117 -0.0068 0.0161 0.0429 -0.0047

t=10 -0.0152 -0.0099 -0.0071 0.0137 0.0385 -0.0039

t=50 -0.0130 -0.0076 -0.0074 0.0102 0.0321 -0.0025

t =300 -0.0125 -0.0070 -0.0074 0.0094 0.0306 -0.0021
Aggregate

r=1 -0.0130 -0.0093 -0.0049 0.0128 0.0327 -0.0041

t=10 -0.0114 -0.0075 -0.0051 0.0103 0.0282 -0.0034

t=50 -0.0091 -0.0051 -0.0054 0.0067 0.0217 -0.0020

t =300 -0.0086 -0.0045 -0.0055 0.0059 0.0202 -0.0017

4.2.2 Distributional effects

Since there are two different groups of households in the society — workers and entrepreneurs
— these income/welfare gains from each particular tax-spending reform may be distributed
unequally for each group in society. Thus, we now turn to individual outcomes or,

equivalently, to distribution. We start with the net income of each agent, netY* and netY" .
According the results the best policy reform for the workers is to decrease labour tax rate and
to increase capital tax rate, but this reform has negative impact on the entrepreneurs’ net
income. The opposite effect on net incomes we notice when the inverse reform takes place
i.e. a reduction of capital tax rate that is financed by an increase on labour tax rate.
Furthermore, an increase in government to output ratio raises the net income of entrepreneurs
and deteriorates the net income of workers. In the case in which the lower consumption tax
rate is compensated by a higher labour or capital tax rate, net incomes of the two groups
decreases. Benefits for both groups in society is noticed when a reduction of capital tax rate
is compensated by an increase in consumption tax rate.

A key question now is who gains more. Even if a policy reform produces a win-win

outcome, in the sense that both netY* and netY" rise, relative outcomes can be also
important. The political economics literature has pointed out several reasons for this,
including political ideology, habit, envy, etc. In our model, relative outcomes will be

measured by changes in the ratio of net incomes, netY”" /netY” . Departing from the status
quo economy, this ratio falls, or inequality falls, when a reduction in any of the tax rates is
financed by an increase in capital tax rate. The fall is bigger, -6.39%, when the reduction has
to do with the tax rate on labour instead of -2.02% when the consumption tax rate decreases.
In contrast, a reduction in any of the tax rates or an increase in the government investment to
output ratio is financed by an increase in labour tax rate deteriorates the equality between the
two groups. Again the rise of inequality is bigger when the capital tax rate decreases and this
rise 1s about 2.63% in the long run. Finally, negative result for the equality between the two
groups we have also when a reduction on capital tax rate is financed by an increase in
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consumption tax rate, despite that the net income of workers and entrepreneurs increases
relative to status quo economy.

5 Conclusions and possible extensions

We employed a DGE model that incorporates heterogeneous agents (entrepreneurs and
workers) and imperfectly competitive product and labour markets, augmented with a
relatively rich public sector, to examine the quantitative macroeconomic and welfare
implications of fiscal reforms in Euro Area. First, we study the effects of changes in the
composition of tax rates, and, second the effects of change in public investment met by
adjustment in one of the distorting tax rate. Our main results are as follows: First, the most
effective policy for the government to boost output is to reduce the capital tax rate,
regardless the policy instrument that adjusts. In addition, if the goal of tax-spending policy is
to promote welfare, then it should decrease the tax rate on labour and increase the
consumption tax rate. Finally, a reduction in any of the tax rates, financed by an increase in
capital tax rate, leads to a fall of inequality between the two social groups. We notice that the
results qualitatively are intuitively and quantitatively are small.

In future it would be interesting to extend our analysis to the case of a small open
economy. This would allow us to study the effects of alternative fiscal policy reforms on
external imbalances and international competitiveness.
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APPENDICES

Appendix 1: Market clearing conditions

The market clearing conditions are:

NE N ‘ .
YK=Y K = NK =N'K —F 5K =K,

k=1 i=1

N* N .

k ; ko k i NPeNT ok
Eﬂ,zzﬂj:N . =N'm, ———n =,
k=1 i=1

t+1

Nk
B, = ZBtkH =B, = N*B
k=1

N eNT o N A o
>, ¢ =X L= N =NL =
Jj=1 i=1

(N*+N")e/ _N'L vty Nel _N'L

t

N N N N

Finally, in the goods market, the economy’s per capita resource constraint is:

t+1

t

t

nkYtl—Q(Ki)e :nkctk +antw+nk [Kk _(1_§p)Kf}+(_;tc +(_;;

Appendix 2: The Decentralized Disequilibrium

It consists of the following equations:

The entrepreneur's Euler equation with respect to capital:

(A+7:)(C

t+1

A+7)(Cf +ysin'y))

+ c kyi o
l//SHln t+1

= pl1+(1-2k) (=57

The entrepreneur's Euler equation with respect to bonds:
rtlil = (1 - Ttk+1 )(rtlil -0’ )

The worker's budget constraint:

(1 - rf)C,W = (1 —rtw) we +s'n'Y +sn'Y

The intermediate firm's optimality condition for L :

26

e
=e =e =n"L

t

(A.1a)

(A.1b)

(A.1c)

(A.1d)

(A.19)

(A.2a)

(A.2b)

(A.2¢)



=w (A.2d)

o, —=r, (A.2e)

The intermediate firm's profit function:

7t =(1-0a, - 6a,)Y; (A.2f)
The intermediate firm's production function:

n'Y = A(n'KS )" (e, )" (&2)” (A.2g)
The union's optimality condition for the wage rate:

(1270w, = L2 A) 0] s (A2h)
Ocr, l-e,

The Government's Budget Constraint:

c t i u ki k b k
(s, +5, +5, +5, )n Y'+n"(1+7")B =

=n'z! (rt" -6 )K," +n'tixl v we +n"tC’ + 't CF +n* B, (A2
The law of motion of public capital:

k= (1= 8%k +sin'Y; (A.2))
The resource constraint:

n'Y =n"Cf +n"C" +n* [Ktk+1 —(1-8")K] } +s5n'Y +sin'Y! (A.2k)

Therefore, the DD is a system of eleven non-linear difference equations (A.2a)-
(A.2k) in the paths of Y',C',K' ,C" e ,xf k%, ,r",r ", w, and one of the eight policy

t+1° t O+l Tt
instruments, 7’,7¢,7,s",s!,s,s!,B" , that is residually determined. This equilibrium is

given the paths of the other seven tax-spending policy instruments.

Appendix 3: The Steady State

In the long run, variables remain constant. Thus, x, , = x, = x,,, = x, where variables without
time subscript denote long run values. Then we have the system:
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1=ﬁ[1+(1—r")(rk—5”)] (A.3a)

P =(1-7)(r -57) (A.3b)
1+z9)C" = (l—r“’)w e +(s“ +S[)nkYi (A.3¢)
nkyi
Oa, =w (A.3d)
e
Yi
490(1 F = Vk (A3e)
7t =(1-0c, — 6a, )Y’ (A.30)
n'Y' = A(n'K*)" e (k)" (A.3g)
w _ |:¢+(1—¢)(1249:| s'e
(1-7")6a, = oo — (A.3h)

(sc +5' +5 +s“)nkY[ +n*r’Bf =

(A.31)
=nfrt (rk —é'p)Kk +n* 7 + " we+ "t CY + n*reCt
5%ke =s'n'y’! (A.3))
(l—sc—si)nkYi:nka+nWCW+nk§pKk (A.3k)

Which is a system of  eleven equations (A.3a)-(A.3k) in
K" k&, 7" e,C*,C".r",r*,w,Y' and one of the eight policy instruments

_w ok t o o pk
7, s st s, s, B

Appendix 4: DD for dynamic transition (T=300)

To implement a tax reform and to solve the model, we work as follows.

First, we solve for the pre-reform steady state and assume that the economy has been in this
equilibrium until period zero.

Second, we solve for the value of 7" that is consistent with the post-reform zero capital tax
steady state and the pre-reform policy instruments. In particular, we obtain the new, post-

reform steady state solution, by setting(rk )new =7*-0.107", holding all the others policy
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instruments at their pre-reform levels and letting 7" adjust in the government budget
constraint in the new steady state.

Third, we impose the tax reform on the pre-reform equilibrium in period zero and obtain the
dynamic solution of the system. In particular, we impose the tax reform in period-0 and solve

the dynamic DE system for T=300 periods, keeping 7" and z* at over time and letting s” be

residually determined so that the government budget constraint is satisfied.

The initial conditions for the model's state variables are given by the steady state solution of
the pre-reform economy.

For the terminal values of the forward looking variables, we assume that after T years the
dynamic system has converged to its new steady state. This implies that the appropriate
terminal conditions are obtained by setting the values for these variables equal to those of the
preceding period.

The final system is given by 16(T+1) equations, which is solved non-linearly using the
Matlab FSOLVE function. This gives the dynamic transition to the new steady state for the
Variables{Kk ks, B ke, ch.cr ot oW Y LG LG, GG sb}:O, where we set T =

412 L 10 T 0 e to>°t

300 to ensure that convergence is achieved.

(+7) ( Cla )‘T

L= Bl1+(1-75, ) (r5, = 5) |, t=0,1,...T -1 (A.4a)
(@) L1+ (1=75) (7 =0) |

= (1=7k ) (5 =6), t=0,1,..,T 1 (A.4b)
(1+7)C" =(1-7")wie, + G/ (1-¢))+ G/, t=0,1,...T (A.4c)
Oa,n'Y =wie, t=0,1,..,T (A.4d)
OaY' =r'K*, t=0,1,..,T (A.de)
nf =(1-0a,—0a,)Y, t=0,1,..,T (A.41)

u 1 a, l;g l-a-a,
Y, =A(K)) ‘(n_ke;j (n_kj , t=0,1,..,T (A.4g)

G'e, t=0,1,.,T (A.4h)

t Tt

Oa,

(A.4i)

k ‘C’+n'tCH+n"B!

t+1°

G +G +G +G' (1= )+n* (1+7)B} =
k
t

:nkr,k(r, —§)K,k+nkr xf+rwe +n"t t=0,1,..,T

kE =01-6)kF+G/, t=0,1,..,T (A.4))

t+1
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n'y' = nkC,k +n"C" + n' [kau -(1- 5)Ktk]+ ézc + é;a t=0,1...T (A.4k)

t

it
s = YG’;k =G =5'Y'n*, t=0,1,..,T (A.4])
t
i _ klj ~u 1_ kLi ~u 1_ i _ u kYi
Spf“Nﬂszq(kﬂqu&f”:GEiL+J=mwi (A4m)
NYY! n'Y n'Y l-¢
c (_;[L ~c cvyi k
s = v =G =sYn", t=0,1,.,T (A.4n)
t
b B:.I k byri
S, :7Z>BI+IZS1K’ tZO,l,...,T (A4O)
t
i 6[1 i ivi k
S0 =3 =G =sY'n", t=0,L..T (A.4p)
'n
K7]f+1 :I<11f (A4q)
B}‘H = BZ’; (A.4r)

This is a system of 14(7T+1)+2T+2=16T+16=16(T+1) equations, in 16(7 +1)
unknowns:
{Kk k% . B 7ztk,eti,Cf,th,i;b,rtk,wti,Yt",éf,ét”,(_?f,éf,sf}ril

12 410 T+l =0

k 7.2 pk k i ok ~w b ok i vi oot o u e it
{KE ks Bl at e, CL Gt ol YL GG LG LG |

ISR ERN T Rt T T g 4 125t

and seven policy instruments:

T-1

c w _k u _c i _t c w _k u _c i b
{Tt ’Tt ’Tt ’St ’St ’St’St} {TT’TT ’TT’ST’ST’ST’ST}

=0’
initial values: {Ké‘ kg, B(f}

Appendix 5: Welfare Comparisons

The discounted lifetime utility in the status quo economy (the pre-reformed economy):

()T
Jj t sqe
Usqe _;IB - (A5a)

The discounted lifetime utility in the reformed economy (the post-reform economy):
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' T (C./' )1 e
U’ = t ret A.5b
=2 BT (A.5b)

We follow e.g. Lucas (1990) and compute the permanent percentage supplement in private
consumption required to make agents in the status quo regime as well as in the reformed
economy. This percentage supplement is defined as {. More specifically, we find the value of
€ that satisfies the following equation:

l-o U’

sqe

U —iﬁf (+4)cw) =0=¢ :{U_J B (A.50)

If £ > 0 (respectively { < 0), there is a welfare gain (respectively loss) of moving from the
initial steady state to the new reform one.
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