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Introduction

The labour force in some European countries is shrinking due to ageing,
but at the same time people are increasing their human capital due to higher
education and lifelong learning. Additionally, recent studies for Central Euro-

*  Narodowy Bank Polski, e-mail: jablojan75@gmail.com. Opinions expressed in this article are

those of the author and do not necessarily reflect those of the NBP.



74 GOSPODARKA NARODOWA nr 2/2018

pean economies, by e.g. Bower [2017] and the European Commission [2017],
point to economic threats due to a growing concentration of physical and finan-
cial capital under government control. A coincidence of these processes, i.e.
population ageing and a possible drift towards monopolistic practices, may
have some adverse consequences for fiscal policy. This paper addresses the
effects for the real economy from the fiscal channel where raised taxes are
balanced by government consumption.

The key questions are: How do key economic aggregates respond to tem-
porary shocks, and how do they respond to permanent tax rate shifts towards
the top of the Laffer curve? How does the substitution between public and
private consumption and taxation of human capital affect the results? How
does monopolistic competition influence the results?

To tackle these issues, the neoclassical growth model for a closed economy
is used, where the government imposes varying tax rates on labour, capital
and consumption, to finance lump-sum transfers, public consumption and
debt servicing costs. Only several variables are fixed on their balanced growth
paths: government debt and its costs, government consumption and individ-
ual types of tax revenue. The households utility function assumes substitution
between public and private consumption, as in Christiano et al. [1992]. The
endogenous growth factor for human capital relies on the estimated internal
rate of return on investment in higher education and lifelong learning. The
accumulation of human capital is created within the production sector, as
in Rebelo [1991]. In this approach, producers decide to resign from a part of
the paid labour time borrowed from households to enhance human capi-
tal via lifelong learning. In the extended version of the model, firms impose
a monopolistic rent.

To answer the key questions, two scenarios are tested: 1) a transitory
shock investigated in the neighbourhood of the steady state in the real busi-
ness cycle model, and 2) a permanent change in the tax rate towards the top
of the Laffer curve. The first scenario aims to show an exemplary post-crisis
impulse from government expenditures to sustain private consumption. The
second scenario is investigated in terms of consequences for the real econ-
omy after a permanent shift to the top of the particular Laffer curves in order
to finance permanently growing government consumption.

With regard to literature findings for temporary impulses from gov-
ernment consumption, the article takes an approach close to that of Rebei
[2004], Bouakez and Rebei [2007], Ramey [2011], and Ambler et al. [2017].
This last study shows that, provided there is a strong Edgeworth complemen-
tarity between private and public consumption, the government consump-
tion impulse may cause a temporary crowding-in of private consumption, as
observed in the data, but this is contrary to the neoclassical growth theory.

The second approach, i.e. permanent changes in tax rates analysed from
the perspective of the Laffer curves, is investigated in a manner comparable
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to that of Trabandt and Uhlig [2012], who show mixed evidence for Euro-
pean Union economies in terms of distance to the peak of the Laffer curves.

In comparison to the study by Trabandt and Uhlig, this article not only pro-
vides a pioneering adjustment to Polish data, but takes a different approach
to at least two relevant theoretical aspects. First, the households utility func-
tion takes a direct utility from government consumption provided it exhibits
strong complementarity with private consumption. Second, the Laffer curves
are built on independently computed steady states for nearly all variables
regardless of their initial steady states.

The motives for these changes need to be clarified. First, the substitu-
tion between private and public consumption seems to enable the neoclassi-
cal growth models to better reflect the data, as in e.g. Blanchard and Perotti
[2002] or Linneman et al. [2003]. Second, the departure from the BGP for all
key economic variables stems from a very restrictive approach whereby the
Laffer curves are based on the balanced growth path for all variables across
the tax scale. Such a restrictive approach considers tax rates that do not exist
in reality, e.g. over 50% capital or consumption tax rates. Relaxing the ana-
lytical reduction of the model to a single non-linear equation (for labour sup-
ply, as in Trabandt and Uhlig [2011]) in order to achieve the BGP may pro-
duce some interesting consequences for human and capital developments, for
example. This study uses the author’s own estimates of the internal rate of
return on investment in higher education and lifelong learning based on the
de la Fuente et al. [2005] approach and, additionally, on the estimates of the
effective tax rates, primarily attributed to Mendoza et al. [1994] and further
developed by Trabandt and Uhlig [2011, 2012].

With regard to research reports concerning Poland, a profound analysis
by Bukowski et al. [2005] is updated here and expanded by the human capi-
tal factor and monopolistic competition. Krajewski [2011] provides a wider
perspective of the supply-side effects of public finances in the economy, while
Konopczyniski [2013] sheds light on interrelations between taxation, growth
and human capital as reflected in the Mankiw-Romer-Weil [1992] growth
model. The findings of Krajewski and Konopczynski are complemented by
areal business cycle model with human capital. Meanwhile, Wnorowski [2012]
focuses primarily on indirect taxation, an approach that is extended in this
study to include the consumption Laffer curve and estimates of the effective
consumption rate.

The paper is organised in the following way: after this introduction, sec-
tion 2 describes the model and its parametrisation. Section 3 provides the
results for a temporary shock. These are subsequently extended to include the
Laffer curves in section 4, and then a shift towards to the top of the curves is
discussed in section 5. The study concludes in section 6. A technical appen-
dix is also included with effective tax rate calculations and more detailed
model statistics.
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Model

The households

The framework relies on the neoclassical growth model with a discrete
time, t =0,1,2...,, basically!, in two versions: a standard exogenous growth
model (further marked as ‘Ex’) and the semi-endogenous component (further
marked as ‘SE’) based on labour time devoted to developing human capital.
In the SE model, the households devote part of the total available time to sep-
arately parametrised schooling and lifelong learning. The households directly
take a part of government consumption and control the labour supply to max-
imise their utility function:
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where E stands for the mathematical expectations operator conditional on
information that households possess at time z, and value it with subjective
discount factor B. Further symbols denote: K physical capital, C total house-
hold consumption, C, private consumption, L°labour supply, I investments,
H human capital, T government transfers, 7 — 7S firms’ distributed prof-
its () reduced by the monopolistic mark-up (7"%), W gross wages, B govern-
ment debt, and r debt servicing costs. The effective tax rates for labour, capital
and consumption are denoted by 7/, 7*and 7° respectively. The parameters are
given by 0, which stands for the elasticity of substitution between private and
public consumption; u, which is the consumption weight in the utility func-
tion; 17, which is relative risk aversion; and finally § and §", which denote the
depreciation rates for fixed and human capital respectively. The substitution

1 Due to capacity constraints, the analytical solution focuses on the most complex setting of the
applied model, i.e. including human capital and monopolistic competition. The intermediary
version of the model, i.e. exogenous growth and a fully competitive economy, are skipped.
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between public and private consumption is split by the a parameter. Taxed
private consumption is multiplied by monopolistic price PFN. Human capital
is accumulated with a reduced labour supply by the portion of time for life-
long learning 1 — g. Higher education and lifelong learning bring extra income
with the S and A parameters respectively. Total household consumption C is
aggregated private consumption C and public consumption G bearing CES,
which assumes decreasing marginal returns to public consumption with
respect to a given level of private consumption, to satisfy the sum of overall
consumption?. Equation (4) is skipped in the exogenous growth model, while
the wage fund in the economy is defined only by L W..

The first order conditions (FOC) are derived automatically in gEcon fur-
ther to the findings of Klima and Retkiewicz-Wijtiwiak [2014] as follows:
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2 The elasticity of substitution is of crucial importance for the development of total consumption
that reacts for exogenous shocks of government consumption, as stated in Bouakez and Rebei
[2007]. However, in this study, the mid-term developments are just outlined, so the parameter
is taken from the literature: 6% = 2.
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The firms

The firms maximise their profit and decide to allocate time resources from
the households and govern the capital. Contrary to Trabandt and Uhlig [2011,
2012], the capital is not controlled by the households, but by the firms, which
reduces the price of capital. The production process develops in stages, how-
ever, within a single time period ¢. The stages are intermediate production,
price setting, and the final product. First, the intermediate firm maximises its
product IT, by borrowing the labour supply, and by controlling the investments:
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where the last equation stands for the law of motion of capital. 7, stands for
the intermediary product, and I denotes investment, while AY, A¢? are the
Lagrange multipliers from the households” FOC that are maximised by the
firms’ objective. Y, stands for product quantity, priced with P,. Exogenous
technological progress Z is given by:

Z =" & iid. N(0;67) (14)
where ¢ denotes the autocorrelation of technological progress, and Zis a ran-
dom variable independent on other variables in the model. The first order
conditions for the intermediate firm are given by:
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Monopolistic competition

Then the monopolistic mark-up is imposed in the price setting block:
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where the monopolistic part of the firm maximises profit IT*S by imposing the
additional portion of price PM%¥in order to achieve monopolistic product YOV,
The elasticity of the monopolistic power is regulated with the p parameter.
The first order conditions for a monopolistic rent are defined below:

—p-1
YMON YZFIN (PMON P) PIMON ’ _ 0 (PMON)
t - pPFIN ¢ 5 pFIN - ¢ (23)

4

1

The product market clears by the unification of an intermediate and final
product rule:

Y;FIN — Y;MON (24)

With respect to the introduction to this article, where government control
over a significant part of the production sector is linked with monopolistic
practices, the above equation shows no strict reference in the model between
the government and the firms. Such a relationship is then implicitly assumed
by e.g. the decision making bodies of the firms controlled by the government.
Such control is necessary for the monopolistic mark-up, which increases the
consumption and capital tax revenues, as stipulated below in (28) and (29).
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The government

The government budget balance is given by:

T+B_ (1+r)+GP™ =1 +B (25)

T =1+ +1" (26)
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where 7, 74, 7%, ¢ denote respectively government revenues from all taxes:
labour taxes (PIT + social security contributions), capital taxes (mainly CIT)
and consumption taxes (VAT + excise). Note that government consumption is
free of consumption tax, which is not consistent among EU countries and has
little quantitative impact on the results. The capital and consumption taxes
are imposed on gross profit and private consumption, both with a monopo-
listic mark-up. The latter has a positive influence on consumption and cap-
ital tax revenues. Government debt and its servicing costs are held on their
BGP for all tax rates B /Y =B, r, =7. In the basic steady state, the value of
government consumption is calibrated to verify the development of shocks
to government consumption.
G =G+c° (30)
A few words of explanation may help to understand the differences between
the temporary impulse from government consumption, which is balanced by
a respective tax category to verify the development of particular variables
around the steady state. Here the labour tax balances the shock to govern-
ment consumption. Contrarily, a permanent shift in tax rates towards the top
of the Laffer curve respects the same fiscal channel and, as in Ayiagari et al.
[1992], the changes are more significant than in the short term. Below, the
capital and consumption tax revenues are calibrated to verify the mid-term
development of the impulse response function (IRF) of government consump-
tion balanced by the labour tax.

=T te (€30)

=T *¢ (32)
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with a set of calibrating equations that match the parameter to data, i.e. the
10-year average relationship to GDP: G = 0.18, T’SKS =0.07, ?SCS =0.13, B =

SS

B
= 0.47,7_ = 0.03. The bond market clears with 0.03 = r and 0.47 - 7’ = 0. The

t
exogenously given shocks to consecutively considered fiscal channels evolve

according to:

loge? =77 + ploge/, (33)
loge” =" +p” loge, (34)
loge™ =77 +p” loge, (35)

where n¢, 1™, 1% denote the exogenous shock that develops according to a sta-
tionary stochastic AR (1) process; p°, p™and p*™ denote the autocorrelation
parameter with error term QG, ¢ and 7€ stands for a joint normal distribu-
tion with zero expected value. The distribution of the autocorrelation process
is simplified, as compared to e.g. Skibinska [2015], yet this is not a principal
objective of this study. The equilibrium is completed with the following set of
market clearing equations for prices P, quantity of the monopolistic product
YMON and labour L:

P[FIN — 1 (36)

YIMON - Yt (37)
d_|s

¢ =L (38)

The latter equation provides that the labour supply is inelastic. The analyti-
cal solution of the model follows on the basis of modified capital tax revenues:

BFIN Gt + -rt + (1+ rt)Bl—l = TCCtRFIN +
™(n,-n>)+1'H_gqLW +B (39)

which, together with a slightly reordered formula for government revenues,
can be included into the household budget constraint:

Bl +(1+TC)CIRFIN — (I_Tk)(n'l —ﬂ'lps)+TchPIFIN +,z.k(n.l _n_lpx)+
1 s
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