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Abstract

We study Ramsey monetary and fiscal policy in a small scale New Keynesian model
where government spending has intrinsic value, public debt is state-noncontingent and the
fiscal authority is constrained by using distortive taxation. We show that Ramsey policy
is remarkably altered when consumption taxation is considered as a source of government
revenues alongside or as an alternative to labour income taxes. First, we show that the
optimal steady-state size of the public spending is, ceteris paribus, greater under consumption
taxation than under labour income tax. We further show that adopting consumption taxation
has enourmous long run welfare gains and that these gains are increasing in the level of
outstanding public debt. These welfare gains are not limited to the steady-state, but they
are also present in the dynamic stochastic equilibrium. The reason is that the dynamic
nature of consumption taxation enables the policy-maker to affect the stochastic discount
factor via modifications of the marginal utility of consumption. This extra wedge impacts
on the pricing decisions of firms, and hence on inflation stabilization, and greatly improves
welfare in the stochastic equilibrium.
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1 Introduction

Following the recent financial crisis, governments around the globe implemented massive fiscal
plans and a large number of fiscal reforms. This has contributed to increase the interest of the
economic discipline in fiscal policy issues. Along this line, this paper tries to address several
policy questions. What are the consequences for the setting of optimal monetary and fiscal
policies of different tax arrangements? In particular, what are the welfare consequences of
different tax instruments? What is optimal size of the public sector and how this optimal size
is affected by different fiscal arrangements and different levels of public debt?

In order to address these questions, this paper studies the optimal mix of monetary and
fiscal policy in a New Keynesian model where public spending has intrinsic value and the fiscal
authority can use consumption and labour income taxation in order to finance public spending
and to finance public debt.

The economic environment considered in this paper features three inefficiencies. First, firms
have market power in the good markets which allows them to charge a mark-up over marginal
costs. This causes output to be below the efficient level. Second, sticky prices in the good
market prevent firms from fully adjusting their prices in response to shocks. Third, fiscal policy
has to use distortionary consumption and labor income taxes to finance public spending and
interest payments on outstanding government debt. Public spending and government debt thus
have additional adverse effects on economic activity.

In order to address our policy questions, we analyze what is the best way of jointly setting
the different policy instruments, i.e. consumption and labour income taxation, government
spending, public debt and the short term interest rate, in order to deal with the distortions
described in the previous paragraph. In turn, as we will discuss in details later, this model
generates several channels for which there exist non trivial interactions between monetary and
fiscal policy instruments.

The policy analysis is divided into two main parts. In the first one, we analyze Ramsey policy
at steady state. We start by showing that in order to replicate long run efficiency monetary
policy implements a zero inflation policy. This means that the Ramsey Planner does not find
it optimal to use steady state inflation in order to decrease the real values of profits or to
erode the real value of any outstanding debt/asset position. Furthermore, efficiency requires,
independently from the tax instrument adopted, the Ramsey Planner to accumulate large asset
positions against the private sector. The income from these assets are then used to balance
the government budget constraint and to correct the distortions generated by monopolistic
competition in the good market. This result implies that when public debt is positive, or at
least not too negative, the Ramsey Planner cannot replicate the efficient allocation.

In this second best scenario with positive public debt, we find that optimal Ramsey policy
calls for extremely high consumption taxation and labour subsidy, well above 100%, as the dif-

ference between consumption and wage income is usually small relative to government spending.



However, this tax scheme may easily lead to two type of problems. First, a wage subsidy of the
order of 500%, say, seems impractical, as it would lead to tremendously high costs associated in
verifying hours worked. Applying the same logic, a 600% consumption tax rate would probably
lead to a large amount of unreported barter. Therefore we leave the Ramsey Planner free to tax
jointly labour income and consumption when large asset positions can be accumulated against
the public, while in the second best scenario where public debt is allowed to take an arbitrary
(and rather large) value, we restrict the policy maker to tax either labour or consumption.

Under both scenarios, we find that optimal policy implies zero steady state inflation. This
result does not dependent on the long run level of public debt, nor on the degree of monopolistic
power in the good markets. Therefore, the Ramsey Planner never finds optimal to use inflation
in order to erode the real value of profits and public debt.

Furthermore we find that under both fiscal scenarios, the Ramsey Planner actively uses
government spending as a policy instrument. In particular, we study the optimal size of govern-
ment consumption relative to total output. By setting a certain ratio of government spending
to GDP, the Ramsey Planner can influence private sector behavior and therefore can reduce
inefficiency and increase welfare. We show that in the present setting which considers homo-
thetic preferences over public and private consumption, the incentive for the Ramsey Planner
to increase the government spending to GDP ratio increases with the households’ risk aversion.
The intuition for this result is the following. Consider, for instance, the case where only labour
income taxes are available to the policy-maker and assume there is an increase in inefficiency,
due, for example, to more monopolistic market power or higher outstanding debt. This would
push economic activity away from the first best. The Ramsey Planner by adjusting government
spending to GDP ratio and therefore the level of taxation, can influence households labour sup-
ply and private consumption and potentially reduce inefficiency. For example, by imposing a
government to GDP ratio lower than in the first best allocation, the policy maker can sustain
a given level of outstanding debt with lower taxation. Lower taxation increases labour supply.
We show that when consumers’ risk aversion is ‘low’ the increase in the labour supply that this
policy brings about boosts private consumption and hence reduces inefficiency. On the other
hand, when the degree of risk aversion is ‘high’, an increase in labour supply decreases private
consumption. In this case, the Ramsey Planner has the incentive to set the government spending
to GDP ratio above its first best counterpart. This policy decreases labour supply and pushes
private consumption towards its efficient level.

A similar logic can be applied to the case when only consumption taxation is available. In
this case, government size, and therefore taxation, directly impacts on private consumption so
that lower tax rates are associated with higher consumption levels. Ceteris paribus, we show
that when the degree of risk aversion is ‘low’, higher consumption implies a higher labour supply.
In this case, we find that the Ramsey Planner sets the government spending to GDP ratio below
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pushes the economy closer to efficiency. On the other hand, when consumers’ risk aversion is
high, higher consumption is associated with lower labour supply. In this case optimal policy
sets the government spending to GDP ratio above its first best counterpart.

When we compare the steady state optimal allocation under the two tax schemes, i.e. labour
income and consumption taxation, we find that under consumption taxation the optimal share of
government spending is always higher then under labour income taxation. Furthermore, we find
that, for a given level of outstanding debt-to-GDP ratio, there is an enormous welfare gain in
taxing consumption rather than labour income. In turn, we show that these gains are increasing
in the level of steady state public debt and in the risk aversion parameter.

In the second part of the paper we analyze the dynamic behavior of the economy under
technology shocks. First we study the Ramsey dynamics under the assumption that the govern-
ment is allowed to accumulate large assets positions against the public so that the steady state
allocation is efficient.

When the policy maker has access to both labour income and consumption taxation, the
Ramsey solution perfectly coincides with the efficient equilibrium along the transition path.
Hence, the Ramsey Planner can commit to a state contingent policy that perfectly replicates
the first best allocation. In doing so, the two tax instruments need to move in opposite directions,
i.e. if consumption tax increases, the labour income tax rate must decrease of the same amount.
This policy does not distort the marginal rate of substitution between consumption and leisure

L' Furthermore, the

and the real wage is free to adjust according to the technology process.
Ramsey Planner must use consumption taxation and the nominal interest rate in order to
replicate the state contingent return in the bond market via the real stochastic discount factor
in the Euler equation, and thereby eliminate any incentive for firms to change prices. At the
same time government spending has to move so that the marginal utility of public and private
consumption are the same.

Then we study a scenario where the Ramsey Planner is constrained to using one tax instru-
ment while the other tax rate is fixed at zero but accumulates assets such that the steady state
is efficient. By losing consumption or labour income taxation, the Ramsey dynamics are not
fully efficient any longer, and, as a consequence, households suffer welfare losses in the stochastic
equilibrium. For example, the policy-maker cannot offset anymore the distortive consequences of
a tax change on the marginal rate of substitution between consumption and leisure. As a result,
optimal policy allows for deviations from full price stability that in turn modify the return in
the bond market. This policy is meant to push the dynamic equilibrium towards the efficient
allocation. While this cannot be completely obtained, under consumption taxation this policy
is much more effective. The reason is that the dynamic nature of consumption taxation enables
the policy-maker to affect the real stochastic discount factor via modifications of the marginal

utility of consumption. This extra wedge helps the Ramsey Planner to push the dynamic allo-

'As it is well known, e.g. Benigno and Woodford (2003) and Schitt-Grohé¢ and Uribe (2004), when prices are
sticky, optimal policy abandons the traditional tax smoothing behaviour.



cation closer to the efficient one. In turn, the welfare loss of being constrained of keeping labour
income tax fixed at zero are roughly 1.6% as big as when the policy-maker is constrained in
keeping fixed (at zero) consumption taxation. Furthermore, it is interesting to note that there
is very little use of government spending as a stabilization tool in the stochastic equilibrium.

Similarly, when the policy maker is constrained to use only one tax instrument and public
debt is positive, the welfare losses under consumption taxation are much smaller than under
labour income tax. As in the previous case, the superiority of consumption taxation is due to
the dynamic nature of this policy instrument.

This paper links to the existing literature in several ways. First of all, it is closely related
to Benigno and Woodford (2003), Schmitt-Grohé and Uribe (2004, 2007) and Adam (2011).
These works also analyze optimal Ramsey policy in a New Keynesian setting and show, as here,
that nominal rigidities prevent the government from using price level changes as an important
source of state-contingent taxation in the presence of nominal government debt. As a result,
government debt optimally follows a near random walk, as in Barro (1979) and Aiyagari et al.
(2002). However, none of these works consider the possibility of consumption taxation. An
unfortunate aspect of this restriction, though, is that it rules out a tax rate that is clearly used
by many countries. As reported by Gordon and Li (2009), the average consumption tax rate in
developed countries is around 16% and it reaches 25% in Hungary and Denmark.

Secondly, this paper is related to the optimal policy literature on consumption taxation.
Coleman (2000) studies Ramsey policy under consumption taxation in a neoclassical growth
model. He finds that replacing income taxes with a consumption tax leads to a welfare loss
that is only slightly higher than that attained by a dynamic policy that taxes consumption
and income. This result survives here in the presence of sticky prices and state-noncontingent
government debt. Correia, Nicolini and Teles (2008) show that in a New Keynesian model with
consumption and labour taxation, full price stability can be achieved via an appropriate mix of
labour and consumption taxation. Furthermore, Correia, Farhi, Nicolini and Teles (2013) show
that when the economy is constrained at the zero lower bound on the nominal interest rate,
consumption taxation may replace the monetary policy instrument as demand management
tool. However, unlike here, they study a framework in which government spending is exogenous
and hence they do not analyze how different taxations and public debt levels affect optimal
government spending.

We believe that analyzing optimal fiscal policy with endogenous government spending may
be important for two reasons. First, government spending represents an important share of
GDP of all industrialized countries and it is one of the main fiscal instruments used by policy-
makers. It is therefore hard to understand how it can be treated as exogenous from a normative
perspective. Second, as Teles (2013) points out, different assumptions about the endogeneity of
government spending may lead to sharp differences in optimal policy prescriptions and welfare

calculations.



The paper is organized as follows. Section 2 sets up the model. Section 3 presents the

optimal policy exercises. Section 4 concludes.

2 The model

We add a fiscal policy block to the standard sticky-price cashless DSGE framework, similar to
the workhorse model in e.g. Clarida et al. (1999) or Woodford (2003).

Public consumption has intrinsic value for the agents as in Bohn (1992), Gali and Monacelli
(2008), Leith, Moldovan and Rossi (2009). Government spending must be financed with linear
labour income and/or consumption taxes. Lump-sum taxes or transfer are ruled out. We
restrict public nominal debt to be of one-period maturity and to be state-noncontingent as in
Schmitt-Grohé and Uribe (2004) and Correia, Nicolini and Teles (2008).

Besides presenting the model ingredients, this section derives the implementability con-
straints characterizing optimal private sector behavior, i.e., it derives the optimality conditions
determining households’ consumption and labor supply decisions, firms’ price setting decisions,

as well as the government’s budget constraint.

2.1 Private Sector
2.1.1 Households

There is a continuum of infinitely-lived households with preferences

EoZﬁtu (ct, bty 9t) (1)
=0

where 3 is the discount factor, ¢; represents individual consumption, h; denotes hours worked
and g; is government spending. F; identifies the rational expectations operator. We impose that
utility is separable in its three arguments and u. > 0, uee < 0,u4 > 0,u49 < 0,up, < 0 and upy, <
0. Where u, defines the derivative of the utility function with respect to the generic variable .
Furthermore, we assume homothetic preferences over public and private consumption, so that
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There is a continuum of goods, indexed by 4. Each ¢ good enters with the same weight in

the Dixit-Stiglitz aggregator. This can be written as
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while the aggregate consumption price index is
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Hence, the demand for good ¢ follows

P\
Cit = Ct ( P:) ; (4)

where 1 € (1, 00) is the price elasticity for differentiated goods.

Households maximize (1) subject to the following period budget constraint

Py (14 75) + Ry ' By + BEyAy41Qu1 = By + Qi + Pudy + Pawghy (1 - 7’?) . (5)

In each time period ¢, households can purchase any desired state-contingent nominal payment
Q¢+1 in period t 4 1 at the dollar cost FiAs41Q¢+1. The variable A; ;1 denotes the stochastic
discount factor between period t and ¢ + 1. Here the only role of state-contingent securities is to
define state-contingent prices. We assume that state-contingent claims are in zero net supply.
Real dividends are denoted by d;, while By is the quantity of risk-less nominal bonds purchased
in period ¢ at price R; 1 and paying one unit of the consumption numeraire at period ¢ + 1.
Taxes on consumption and labour income are, respectively, 7¢ and 7'1’}, and w; is the real wage.

The solution for the optimizing household problem is standard and it can be written as:
Uet = At (1 + Tf) ) (6)

where )\; stands for the Lagrangian multiplier associated with this programme. Labor supply is

determined by

Upt (1 — 7} )
- = Wt c\ (7)

Ue,t (1+77)

while the Euler equation is
Uct Uct+1 Ry

) — BE ) 8
1+ 7% ! (1+T?+1)7Tt+1 ()
where T, = Pi - s the gross inflation rate. The stochastic discount factor is defined as

_ Ue,t+1 P (1“1‘7';) . . . .
EiNi i1 = BE, Pt ey (1Lrgyy)” and absence of arbitrage profits in the asset markets implies

that EtAt,t-i-l = Rt_l.

2.1.2 Firms

A generic good 7 is produced in a monopolistically competitive market with technology

Vit = athig, 9)



where a; is a common exogenous technology process. Firm ¢’s real marginal costs are:

Wt
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me ” (10)

We assume that firms, when resetting their prices, incur in quadratic adjustment costs a 14
Rotemberg (1983), i.e.,
2
¥ ]Dz t+s
=P < — 1) , 11
2 Pitrs—1 (11)

where ¢ represents the degree of price stickiness. The profit maximizing generic firm i’s problem

can be expressed as
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We focus on the symmetric equilibrium in which P;; = P; holds. Therefore, substituting for

mcy, the condition for optimal pricing decision is

U1 (1+7F)
et (1+75)

(M1 — 1) (7Tt+1)} =0.
(12)
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2.2 Aggregation

In the symmetric equilibrium h;; = h;. Hence the economy-wide production function is
Yt = atht. (13)

Furthermore, using the household’s budget constraint, we can obtain the expression for aggregate

profits as
dt = atht — wtht — % (7Tt — 1)2 . (14)

Combining the government budget constraint, the definition of profits and the households budget

constraint, one can obtain the aggregate resource constraint as

Yt :athtzct+gt+§(7rt_1)2 (15)



2.3 Government sector

Macroeconomic policies are implemented by two authorities. There is a Central Bank which sets
the nominal interest rates on short-term nominal bonds. Furthermore, there is a government
choosing the level of public expenditures, labor income tax, consumption tax and public debt.
The government finances current expenditure by raising linear labor income and consumption
taxes and by issuing new one-period state-noncontingent debt, i.e.,

b b

2L yg= oy wihy T + ¢ (16)
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The fiscal authority credibly commits to repaying its debt. In what follows we assume that

government debt and tax policies are such that the no-Ponzi constraint

t+s—1 1
1=
and the transversality constraint
B
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are both satisfied.

2.4 Rational Expectation Equilibrium

Definition 1 (Rational Expectations Equilibrium) A Rational Expectations Equilibrium
(REE) is defined by a sequence of private sector decisions {c¢, y, he, wi, T} and economic
policies {T?, 7¢, Rty Gt bt-s—l}:io that, given the initial level of public debt by and the evolution
of technology, solves equations (7), (8), (12), (13), (15), (16), (17) and (18).

3 Ramsey Policy

3.1 First Best Allocation

Definition 2 (Social Planner’s Program) The Social Planner’s Program defines the first
best allocation and consists in choosing {cf, hf, gf}io, taking as given the technology process
{a:}:2, , in order to mazimize the utility function of households as in (1) subject to the constraints

imposed by the production technology.

Proposition 3 The Social Planner’s allocation is

()" = ) _ (e (19)
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Proof. See Appendix. B

In the first best equilibrium the marginal utilities of private and public consumption must
equate to the marginal disutility of labour, where the latter is scaled by total productivity.
This simple allocation rule is optimal because it is equally costly to produce public and private

consumption goods.

Definition 4 (Ramsey Problem): The Ramsey Problem is to mazimize (1) over Rational
Ezxpectation Equilibria. A Ramsey outcome is a Rational Expectation Equilibrium that attains

the mazimum of (1).

In this policy problem, the Lagrangian multipliers associated with forward looking variables,
ie. Eymr1, Eyucygi1, ByTi, ; are additional state variables. Assuming these states initial values
equal to zero implies transitory non-stationary components in the solution to the Ramsey prob-
lem, even in a non-stochastic environment. This is because in the initial period the policy-maker
may have the temptation to temporary increase taxes or generate inflation so as to erode the real
value of any outstanding government debt.? We do not analyze these non-stationary determin-
istic components and concentrate instead on the time-invariant deterministic long-run outcome.
This is what we define as the Ramsey Steady State (RSS henceforth). This means that we are
imposing an initial commitment on the policy-maker not to generate ‘surprise’ movements in
taxes, government spending, or nominal interest rates in period zero. This is standard practice

in the optimal taxation literature, see e.g. Schmitt-Grohé and Uribe (2004).3

3.2 Analytical Results

As it is well known from Lucas and Stokey (1983), there exists a continuum of RSS, each of
which associated with an outstanding level of public debt. In other words, without specifying

the steady state level of public debt, the model displays an indeterminacy of degree one.

Proposition 5 (Optimal Inflation): Despite this indeterminacy, all the RSS are character-

ized by
TPt =1 (20)
and .
RoPH = — 21
5 (21)

Proof. See Appendix. B

?However contrary to a flexible price economy, the Ramsey Planner does not find optimal to set Py = oo.

3Furthermore, given the presence of sticky prices and state-noncontingent govenrment bond, our primal form
of the Ramsey problem can no longer reduced to a unique intertemporal budget constraint in period 0 and a
feasibility constraint holding in every period. However we could still write our policy problem in terms of a
sequence of intertemporal implementability constraints. For a detailed discussion, see Aiyagari et. al. (2002) and
Schmitt-Grohé and Uribe (2004).
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It is therefore suboptimal to use steady-state inflation to reduce the real value of any out-
standing level of public debt or to erode the real value of profits and in turn RSS allocations
are independent of the degree of price stickiness. This is a common result in the literature that
considers this class of models, e.g. Benigno and Woodford (2003) and Schmitt-Grohé and Uribe
(2007).

In order to identify the indeterminacy problem, it sufficies to recall the first order condition

of the Ramsey problem with respect to b4, i.e.

Tat+1 I Vaz

—BE
b Ui Ry

= 0. (22)

At steady-state, the Euler equation implies R = % Therefore, at steady-state, (22) is satisfied
for any values of v4. Therefore, in order to pin down the RSS one has to fix the outstanding
level of public debt such that (22) becomes redundant, i.e. public debt becomes exogeneous
at steady-state. This means that in order to find the RSS, it is possible to recast the policy

problem as one featuring constant real public liabilities/assets, i.e. we can rewrite the (16) as
T+ gt = wthﬂ? + CtTf (23)

where Z = (1 — f3) by represents the steady-state level of real government liabilities. As in Adam
(2011), when optimal monetary policy is in place, this modified version of the Ramsey problem
leads to the same real allocation as the general problem in Definition (4) and is used to obtain

a number of analytical results.?

Proposition 6 (First Best Decentralized Equilibrium): the Ramsey Steady State and the

Social Planner’s allocation at steady state coincide under the following necessary conditions

T = 1 (24)
Ll D with ™ € (—00,1) and 7° € (—1,00) (25)
= wi —00,1) an —1,00
1+ e n—1 T ’ T ’
:i,opt C* n— 1 L . ot
— = 14719+ . 7" — 1 with 2" < 0 (26)

where TPt = bgpt (1-5)
Proof. See Appendix. B

Corollary 7 The Ramsey Planner cannot replicate the Social Planner Allocation for a generic
level of outstanding public debt with ™" € (—o0,1) and 7¢ € (—1,00).

4Detailed discussion of this can be found in the Appendix B, Subsection 6.5.
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A few things are worth stressing. First, from (25), the first best allocation requires at least
one fiscal instrument between 7" and 7¢ to be a subsidy, i.e. to be negative.® Second, the first
best allocation requires negative public debt. Put it differently, the Ramsey Planner cannot
obtain the first best allocation with a generic level of debt, as this would imply either 7¢ < —1
or 7" > 1.5

Moreover, using numerical solutions which we describe in details below, we find that the
policy maker would always find a marginal welfare advantage in increasing consumption taxation
and subsidy labour when the level of outstanding public debt is greater than °P*. However, while
this policy will never replicate the first best allocation, it would create extreme tax and subsidy
positions.” Hence, this policy would be extremely difficult to implement due, for example, to
the high costs associated in verifying hours worked. Similarly, a very high consumption tax
rate would perhaps lead to a significant amount of unreported barter. Therefore, we allow the
policymaker to use both tax instruments when & = #°P!, while under a generic level of steady-
state debt(asset)-to-GDP, we study the cases where the Ramsey Planner is constrained in using

only one tax instrument, i.e. either 7 =0 or 7¢ = 0.8

Proposition 8 Under labour income tazxation, the Ramsey Planner sets

Ug > —Up (27)
and . +i
n- gr<z
Ug > U <77 - > (28)
€(0,1)

Proof. See Appendix. B

This proposition shows that it is optimal to set public consumption below the level suggested
by the Social Planner. This is because there exists a wedge between the marginal utility of leisure
and the marginal utility of consumption. This wedge is composed of two components. First,
the monopolistic power that firms hold. Second, the distortive nature of fiscal policy used

to finance public spending and public debt. By reducing government spending, the Ramsey

’In particular, if 7" > 0, then first best allocation requires 7¢ < 0. However it is possible to find negative
values of 7" for which the first best requires 7 < 0. At the same time, if 7¢ > 0, the efficient allocastion requires
™ <o.

SSome readers may correctly wonder if this result relies on the absence of profit taxation. As it is well known,
the optimal profit taxation in this class of models is generally equal to 100%, i.e. the Ramsey planner finds
it optimal to confiscate all the profits in the economy, see for instance, Correia, Nicolini and Teles (2008) and
Correia, Farhi, Nicolini and Teles (2013). We proof in the Appendix that even with the introduction of full profit
taxation, i.e. 7 =1, the efficient level of public debt is negative.

"For example Coleman (2000) finds that in a perfectly competitive economy with capital accumulation, the
Ramsey planner would set 7¢ = 692% and 7" = —692%. Monopolistic distortion amplifies even further these fiscal
positions, i.e. within standard parametrisations consumption taxation is higher than 1000%.

8This is common practice in the literature when optimal policy implies extreme tax positions, e.g. Coleman
(2000), Correia (2010) and Martin (2010).
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Planner can lower the tax rate and hence shrinks the wedge between consumption and leisure.
Moreover, while (28) does not give a precise analytical mapping between u, and u., we can
nevertheless provide some intuitions about this relationship. Consider, for instance, any increase
in inefficiency, due, for example, to more market power or higher outstanding debt. This would
push down economic activity. The Ramsey Planner by adjusting government size relative to
GDP and therefore the level of taxation, can influence households labour supply and private
consumption and potentially reduce inefficiency. For example, by imposing u, > u., i.e. a
government to consumption ratio lower than the first best, the policy maker can sustain a given
level of outstanding debt with lower taxation. Lower taxation would increase labour supply.’
The sign of % determines whether a higher labour supply implies a higher or lower consumption

level. In the Appendix we show that

Oc c Clcc

o = (c—fc—%h)_iuff'

(29)

The sign of (29) depends, inter alia, on the Arrow-Prat measure of risk aversion —%ZC,
the degree of monopolistic competition 1 and the level of outstanding debt Z. When (29) is
positive, i.e. when risk aversion is low, shrinking the government size (relative to GDP) below
the first best, allows the Ramsey Planner to increases labour supply and private consumption,
thus reducing inefficiency. The opposite is true as (29) turns negative, i.e. when risk aversion
is high. In this case the policy-maker has a strong incentive to set the government spending-to-
GDP ratio greater than the first best allocation, i.e. uy, < u.. With such a policy the Ramsey
Planner can induce an increase in consumption and therefore reduce the wedge between the
marginal utility of private consumption and the marginal utility of leisure. The desire for such
a policy, i.e. ug < uc, is decreasing both in the degree of monopolistic competition and in the
size of public debt. In the particular case of perfect competition and no public debt, i.e. n — oo
and & = 0, the RHS of (29) collapses to 1. In this case, if the utility is logaritmic in private
and public consumption, the Ramsey Planner finds it optimal to set the share of government
spending over total output as in the first best.'”

Next we analyze the scenario where the Ramsey Planner has access only to consumption

taxation, i.e. 7" = 0.
Proposition 9 Under consumption taxation the Ramsey Planner sets

Ug > —Up. (30)

9We are implicitly assuming that the substituion effect on labour supply always prevails, which is consistent
with a Laffer curve in government revenues.

19Tn the case of log utility and positive public debt and/or monopolistic competition, the Ramsey planner finds
it optimal to set the share of public spending-to-GDP lower than the first best, i.e. g—i > 0.

13



Furthermore, if
>1= uc>uy

S = (31)

Uc
<1= uc<uy

v . . . o cu . e
and w s decreasing (increasing) in T if - > (<) 1. In the special case where —<iee =1,

c

e =1 for any outstanding level of public debt.

Ug

Proof. See Appendix. B

As under labour income taxation, the Ramsey Planner finds it optimal to set the level of
government spending below the Social Planner level. This is due to the monopolistic features of
the good markets and the distortive nature of fiscal policy. Furthermore (31) clarifies whether
the optimal allocation requires the share of government over total output to be above or below
the first best level. Interestingly, this is now only function of the consumers’ risk aversion. If this
is higher (lower) than 1, the optimal government spending-to-GDP ratio is set above (below) the
Social Planner level. By allocating a high share of government spending, the Ramsey Planner
is imposing, for a given level of outstanding debt, a higher tax rate. Assuming that consump-
tion is a normal good, higher taxation implies lower consumption. In order to understand the

implications of lower consumption on the labour supply schedule we need to study the sign of

on (%= 1) [Funue ()]

Jdc % [_ (h“u'#h + 1) UpUe — Uhhucj]

(32)

ClUcc
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In the Appendix we show that the above expression is negative when — > 1 and positive
otherwise. This means that when —% > 1, the lower consumption generated by higher taxation
implies an increase in labour supply, which in turn pushes the economy closer to the first best.
On the contrary, when —%zc < 1, the Ramsey Planner sets u. < uy. The resulting lower taxation
pushes consumption and therefore labour supply upward, i.e. % > 0.

For the same reason, the optimal policy calls for an increase in the government spending-to-
GDP ratio when public debt increases. Moreover, for the particular case in which risk aversion is
1, the Ramsey Planner, independently of the outstanding level of public debt, sets the marginal
utility of private consumption equal to the marginal utility of public spending, as prescribed by
the Social Planner.

A simple comparative static exercise can show that for a given degree of risk aversion and
a positive (or at least not too negative) outstanding debt, the optimal share of government

spending-to-GDP is greater under consumption taxation than under labour income tax.!!

ClUce
Ue

"Take for instance the case of logaritmic preferences, i.e. — = 1. Under labour income taxation ug > uc,

while under consumption taxation ugy = uc.
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3.3 Computational issues

As discussed above, we assume that in period 0 the economy is in the RSS. When an analytical
expression is missing, we rely on non-linear numerical solution algorithms.'? Firstly, we compute
the exact non-linear RSS by using the OLS projection approach proposed by Schmitt-Grohé and
Uribe (2004, 2007, 2012). This consists in exploiting the insight that the Ramsey equilibrium
conditions are linear in the vector of Lagrange multipliers, v;. Then, using the perturbation
method proposed by Schmitt-Grohé and Uribe (2004), we compute the accurate second-order
approximation of the Ramsey’s FOCs around the non-stochastic steady state of these conditions.
We then use this solution to simulate the Ramsey equilibrium in the face of a technology shock.'3
The shock realizations and all the other structural parameters used for the simulation are kept
constant through the different fiscal scenarios. This means that any differences between fiscal
arrangements are attributable entirely to the properties of the economic policies. Moreover, we
measure welfare in terms of percentage of consumption units, i.e. w required by a generic policy

a to reach the same level of utility as under policy b, i.e.

o A lule (1+ @), i, g0) = Eoy_ 6" [u (e, bt f) |- (33)
t=0 t=0

3.4 Parametrization

We specify preferences to satisfy the conditions stated in Section 2, i.e.

A g
Jheyge) = —— — ith o,¢ > 0.
u (ct, he, Gt) e wh1—|—¢+wgl—UW1 o,

Fach period represents a quarter with the discount factor, 5, set to 0.9913. The elasticity of
demand is chosen in order have a steady state gross markup of 1.2 (n = 6), which is in line

with the macro literature. Given the importance of the CRRA parameter for our results, i.e.

_ Clce
Ue

the literature, i.e. o € (0.8,2). However, we set o = 1, i.e. log utility, as a benchmark value.

o= we solve the model with a set of values of risk aversion that are generally found in
The utility parameter wy, is chosen so that the households supply between one fifth and one
third of their time to work in the decentralized equilibrium when the steady-state level of public
debt is zero, i.e. wy = 19.792. We further fix w, in order to have in the first best allocation,
i.e. the Social Planner Equilibrium, a ratio of government spending over total output of 30% |,
ie. wy = 0.2641. We set the inverse Frisch elasticity of labour supply ¢ to 1, a value generally

used as a benchmark in the macroeconomic literature, e.g. Adam and Billi (2008). The price

12The different Ramsey problems are described in detail in the Appendix.

13In the case of efficient steady-state, i.e. when the government is allowed to accumulate a large asset position,
the second order approximation approach gives the same welfare ranking of the correspondent linear-quadratic
(LQ) representation of the problem, see Woodford (2003). For this reason, part of our results are readily compa-
rable with the literature that adopts the LQ framework.
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stickiness parameter is selected such that the log-linearized version of the Phillips curve (12) is
consistent with the estimates of Sbordone (2002), (¢ = 17.4). The quarterly standard deviation
of the technology shocks is 0.6% and it has a quarterly persistence equal to 0.7. Furthermore,
we show the implications of varying the long run level of public debt. Table 1 collects the

parametrization adopted.

3.5 Steady State Results

This section explores the quantitative implications of different fiscal scenarios for the RSS allo-
cations (with particular focus on the Ramsey public spending) and welfare. In particular, here
we show how the various fiscal arrangements interact with government spending and long-run
level public debt in determining the Ramsey allocations.

Figure (1) presents the RSS allocations when public debt is allowed to vary from -100%
to 200% of GDP. Increasing the level of outstanding public debt implies an increase in the
(distortive) tax rate and hence a loss of efficiency. Higher taxes imply a lower after tax real
wage. However, despite the consumption tax being higher than the labour income tax, it has
a lower impact on the real wage. This is because consumption is generally more inelastic than
leisure. Hence households respond less, ceteris paribus, to a variation in consumption tax than
to a variation in labour income tax. As a consequence, under consumption taxation the increase
in public debt implies a lower response of the gap variables.

Figure (2) quantifies, in percentage of permanent steady state consumption units, the loss
suffered by households as steady state public debt increases. Under both fiscal scenarios, higher
values of steady state public debt imply an increase in inefficiency and hence a deterioration of
welfare. However there is a surprisingly high gain from using consumption taxation over labour
income taxation as a fiscal instrument. This gain is increasing in the debt-to-GDP ratio, passing
from 24% when government debt to GDP is —100% to 42% when public debt is 200% of total
income. As public debt increases, the fiscal authority has to devote more and more resources
to pay its burden. Therefore, the lower distortive effects of consumption taxation generate a
relative gain as the inefficiency generated by the burden of public debt increases.

Figure (3) shows the difference between the Ramsey government spending to GDP ratio and
the Social Planner allocation when public debt is at its benchmark value, i.e. 80% of GDP
and we allow o to vary in the interval [0.8,2] while all the other parameters are kept at their
benchmark values. This figure may be seen as a graphical presentation of Proposition 7 and 8. A
negative (positive) number identifies a scenario where the Ramsey Planner sets the ratio between
public spending and total output below (above) the first best, i.e. % < (>) Z—i. Under both fiscal
scenarios, this difference depends critically on the parameter controlling the risk aversion in the
CRRA utility function. In particular, as consumers become more risk adverse, optimal policy
calls for reducing private consumption in favor of public spending. By directly affecting the

size of government spending and therefore the level of distortive taxation, the policy-maker
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can influence labour supply and private consumption and potentially reduce inefficiency. As
discussed above, for a give level of risk aversion, optimal policy under consumption taxation
implies a higher share of government spending over GDP than under labour income taxation.'*

Figure (4) presents the optimal public spending rule as public debt increases for different
degrees of risk aversion. Under labour income tax, the optimal share of public spending is
decreasing in public debt. This is because the strong distortionary effects of higher tax rates
prevail over the incentive of the Ramsey Planner to increase g/y as the degree of risk aversion
increases. This is consistent with (29), i.e. for a given level of risk aversion a higher level
of steady state public debt generates an incentive to reduce the share of public consumption.
Differently, under consumption taxation, the optimal spending rule depends crucially on whether
risk aversion is below or above unity, as presented in Proposition 7. Therefore when ¢ = 0.8, i.e.
—CZ—Z‘ < 1, the Ramsey Planner, by cutting the share of government as public debt increases,
can boost both consumption and labour supply. On the contrary, when o = 2, i.e. —% > 1,
the optimal policy increases the government spending-to-GDP ratio in order to increase hours
worked and therefore total output. Finally, as presented in Proposition 7, in the benchmark
case of log utility in consumption, i.e. —%ﬁ“ = 1, the optimal share of government spending is

always at the first best, independently of the level of steady state public debt.

3.6 Ramsey Dynamics
3.6.1 First Best Steady State

We now turn our attention to the optimal policy in a stochastic setting. To this end we perturb
the model with a technology shock as described in 3.4. Studying Ramsey policy in the face
of this type of shock is standard practice in the literature (e.g. Schmitt-Grohé and Uribe
(2004), Correia et al. (2008), Adam (2011), Leith and Wren Lewis (2013) ) and allows us to
better disentangle our contribution. We start our analysis by considering a situation where the
policy-maker implements first best at steady-state. This implies that the government is allowed
to accumulate large asset positions (i.e. negative debt) and that one (or both) taxes can be
negative. Both these assumptions will be dropped later. We refer the reader to Proposition 5 in
Section 3.3 on how a Ramsey Planner can achieve the first best in this environment. In practise,
we fix the steady state value of consumption taxation to 16%. This value corresponds to the
average level of consumption taxation in the industrialized countries found by Gordon and Li
(2009). Then, the labour income tax rate and the level of the government assets are pinned
down by (25) and (26) respectevely. Here we run three policy exercises. In the first one the
policy maker can respond to shocks by using both taxes. In the other two, we restrict the fiscal
authority to use only one tax instrument in the face of shocks. The three scenarios share the

same steady state allocation so that any difference can be attributed entirely to the dynamic

Y1n particular, under labour income tax % = Z—* for 0 = 1.3868 = ﬁ, i.e. % =0.
c—xr— =
€
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properties of the tax instruments adopted. Results are reported in Figure (5).

When the policy maker has access to both taxes, first best is attainable in the stochastic
economy under consideration. In other words, the Ramsey Planner can commit to a state-
contingent policy such that in face of a technology shock the response in the decentralized
economy coincides with the Social Planner’s allocation. Absence economic policy, in a sticky-
price environment a negative technology shock would imply an increase of inflation and a positive
output gap, i.e. price would increase but not as much as required in a flexible price world, thus
imply an inefficiently high level of output. As it is well know from Gali (2001), a welfare
maximizing policy-maker would therefore tighten aggregate demand as to push output towards
the efficient level. This policy would also stabilize inflation. Here the Ramsey Planner looses
monetary policy on impact and promises to keep it above the steady state level for some periods
after the shock. At the same time, she increases the consumption tax and promises to cut it
tomorrow. As we discuss in more details later, this contingent tax policy represents one of
the main advantages of using consumption taxation as a demand management tool. Indeed, the
combined optimal use of monetary and fiscal instruments allows the policy-maker to fully control
the stochastic discount factor and hence offset firms’ desire to changing prices, thus replicating
the flexible price equilibrium.

Furthermore, in order to mimic the Social Planner solution, the Ramsey Planner has to avoid
distorting households’ consumption-leisure choice. In other words, the policy-maker moves the
consumption and the labour income tax rate in the same measure and in opposite direction so
that they do not create a wedges between the marginal utility of leisure and that of consumption.
Finally the Ramsey equates the marginal utility of private and public consumption as required
by the first best equilibrium by varying her assets positions. In other words, if the government is
allowed to take large assets position and can use both consumption and labour income taxation,
she can offset both the static and the dynamic inefficiencies of the model.

Table 1 reports the model’s campionary moments of this exercise.'® Given the shape of the
utility function (o = 1), dynamic efficiency requires output, consumption, government spending
and real wages to be perfectly correlated with each other and with the technology process, while
hours worked and inflation should remain at their steady state values. These results are closely
related to Correia et al. (2008). They show that with consumption and labour income taxation,
full profit taxation and exogenous government spending, the Ramsey Planner can mimic the
flexible price equilibrium, so that any real allocation is independent from the degree of nominal
rigidities. Here we show that the first best allocation can be implemented without profit taxation
and with endogenous government spending as long as the government is allowed to take large

asset positions.

5 Given the quasi-random walk properties of public debt, unconditional moments are not available. Hence, like
Schmitt-Grohé and Uribe (2004), Arseneau and Chugh (2008) and Nieman and Pichler (2011), we calculate the
campionary moments of the model. In particular we simulate the model 5000 times for 100 periods. For each
simulation we calculate the statistics of interest. Then we report the median value.
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Next, we analyze fiscal scenarios in which the government is constrained in using only one
tax instrument. We start with the case where only consumption taxation is available. IRF’s are
presented in Figure 4. In this case, while the policy-maker can obtain long run efficiency via
asset accumulation, the absence of labour income taxation makes it impossible to reach dynamic
efficiency. In particular, the optimal tax policy required to balanced the government budget
constraint distorts the leisure-consumption decision, thus creating an inefficiency wedge in the
labour supply and therefore in the real wages. At the time of the shock, output, consumption and
public spending all drop by roughly the same amount as the case where the Ramsey Planner
has access to both taxation thus resulting in very small movements of gap variables.'® This
policy, coupled with an initial cut in the nominal rate and an increase in consumption taxation,
is aimed to generate an increase on impact of inflation. This helps to reduce the cut in the
government assets necessary to balanced the government budget constraint. As for the case
with two tax instruments, this policy is reverted in the period after the shock. Fiscal policy
commits in reducing consumption taxation while monetary policy increases the nominal rate
above its steady state value. These combined policies affect the real stochastic discount factor
and imply a one-period deflation episode, which in turn pushes the price level near its steady
state value.

Table 1 reports the implied simulated moments of this policy experiment. Compared to the
previous scenario, the inefficiency generated by the absence of labour income taxation generates
an incentive for the policy maker to reduce the volatility of output, consumption, government
spending and real wages. However, with the exception of real wages, consumption and gov-
ernment spending are perfectly correlated with output and almost perfectly correlated with
technology. The desire to inflate the system at the time of the shock and deflate it in the period
after the shock implies a necessary increase in the volatility of inflation. This policy generates
also an increase in the volatility of the nominal rate and an increase of its correlation with output
and technology. Interestingly, within this policy experiment, consumption taxation displays a
behavior that is very similar to the case where both taxes are available. Overall, the welfare
cost of loosing labour income taxation is very small, around 0.0015% of the efficient steady state
consumption units.

Finally we analyze the scenario where the Ramsey Planner is allowed to use only labour
income taxation. A novelty of this policy experiment with respect to similar contributions, e.g.
Schmitt-Grohé and Uribe (2004), Adam (2011) and Leith and Wren-Lewis (2013), is that we
consider optimal labour income tax policy with a first best steady state obtained via govern-
ment assets accumulation. As before, the IRF’s analysis is displayed in Figure (6). As under
consumption taxation, under this scenario, the fiscal instrument generates an inefficient dis-

tortion in the marginal rate of substitution between leisure and consumption. However, now

"% As in Benigno and Woodford (2003) and Adam (2011), consumption, output, government spending, taxes
and debt all follow a near ramdom walk pattern. However, given the optimal consumption tax policy, the long
run values of these variables are very close to their steady state counterparts.
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the policy-maker has less power to influence the intertemporal allocation via the real stochastic
discount factor. This has dramatic consequences on the optimal policy functions as well as on
the overall welfare. At the time of the shock, consumption, output and government spending all
decrease. However, while consumption and output decrease less than in the efficient allocation,
thus resulting in positive output and consumption gaps, the government finds it optimal to cut
government spending more than in the previous scenarios. This is reflected in lower standard
deviations of output and consumption and a higher volatility of government spending (Table
2). This, coupled with the negative wealth effect on labour supply, allows the policy-maker to
cut taxes and the nominal rate on impact thus inflating the system in the period of the shock.
This is done in order to decrease the loss generated by lower public assets. However, the lack
of control on the intertemporal households decisions that consumption tax brings about, forces
the Ramsey Planner to move inflation away from steady state only in the first period and by a
smaller amount, hence generating a lower volatility of inflation in equilibrium, and it excludes
deflationary episodes. The welfare loss of using only labour income taxation amounts to 0.0914%
of steady state efficient consumption, which is roughly 60 times larger than the scenario where

the Ramsey Planner could use only consumption taxation.

3.6.2 Generic Steady State

In this section we study the optimal policy when the policy-maker faces a negative technology
shock and the economy is affected by a positive level of outstanding public debt. All the
parameters are set at their benchmark values and the public-debt to GDP ratio is set to 80%.
As discussed in details above, when public debt is positive, even with two tax instruments, the
Ramsey Planner cannot replicate the first best allocation. Furthermore, the second best policy
would imply extreme (and unrealistic) tax positions. Therefore in this section we analyze the
scenarios where the policy-maker can use only one tax instrument. Results of this policy exercise
are reported in Figure (6) and (7). At the time of the shock, under both fiscal scenarios, output
consumption and government spending all decrease. The dynamic behavior of these variable
are very similar under consumption and labour income taxation. Notable differences across the
two scenarios emerge, however, when considering the optimal responses of inflation, nominal
interest rates, taxes, hours and government debt. Similar to the previous case, the optimal path
of consumption taxation implies a sharp increase in the first period and a decrease in the second
period, while under labour income taxation, taxes increase only in the first period and by a
much smaller amount. As a consequence, the optimal level of public debt under consumption
taxation increases by less than under labour income tax, thus reflecting a smaller incentive of
the policy-maker to smooth taxes across states with variation in public debt positions.

Under both scenarios, inflation increases in the first period. This helps to reduce the real
value of maturing debt. However, the dynamic properties of consumption taxes imply a defla-

tionary episode after the shock which is completely absent under labour income taxation. As
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it is well known from Schmitt-Grohé and Uribe (2004) and Benigno and Woodford (2004), it
is suboptimal in the presence of even small amounts of nominal rigidities to bring about large
price level changes, i.e. to use nominal bonds as a state contingent source of taxation and
hence to fully smooth taxes across states. This result shows up here in the form of rather small
movements of inflation.

Table (3) reports the simulated moments and the welfare calculation of this policy exper-
iment. As in the case where public debt is at first best, the optimal volatility of real as well
nominal variables is closer to the efficient response to shock, thus confirming consumption tax-
ation as a better policy instrument even under a positive level of public debt.

Welfare calculations presented in the Table (3) are formed by two elements, the steady state
loss of each scenario and the loss at business cycle frequencies. Two things are worth noticing.
First of all, under both scenario, positive public debt translates in a huge inefficiency in the
optimal response to shocks. Second, even with positive public debt, consumption taxation
remains a better policy instrument when compared to labour income taxation. The loss under
the former amounts to 0.19% of permanent consumption units, while under the latter fiscal

scenario the system suffer a loss of 0.44%.

4 Conclusions

This paper studies the optimal mix of monetary and fiscal policy in a New Keynesian model
where public spending has intrinsic value and the fiscal authority can use consumption and
labour income taxation in order to finance public spending and to repay the burden of public
debt.

We show that the optimal policy mix is markably altered when consumption taxation is
considered as a source of government revenues alongside or as an alternative to labour income
taxation. We find interesting differences both in the deterministic and in the stochastic al-
locations. First, we show that the optimal steady state size of the public sector is, ceteris
paribus, greater under consumption taxation than under labour income tax. We further show
that adopting consumption taxation has enormous long run welfare gains and that these gains
are increasing in the level of outstanding public debt. Then we find that these welfare gains are
not limited to the steady state, but extend in the stochastic equilibrium. The reason is that the
dynamic nature of consumption taxation enables the policy-maker to affect the stochastic dis-
count factor via modifications of the marginal utility of consumption. This extra wedge greatly
improves the welfare in the stochastic equilibrium whether the level of public debt is efficient or

not.
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Figures

Figure 1: Steady state gap variables with respect to the first best
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Figure 2: Welfare measure of steady state permanent consumption units.
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Figure 4: Share of government spending to total output as a function of the steady-state public debt.
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Figure 5: IRF’s to one standard deviation negative technology shock in the efficient steady state.
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Figure 6: IRF’s to one standard deviation negative technology shock with debt-to-GDP at 80%.

4 . " 5 . - .
X 10 Public debt X 10 taxes x 10 inflation X 10 price level
4 4 6 6
4
5
3
2
4
2 0
3
-2
1
. 2
0 -6 1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Quarters Quarters Quarters Quarters
s 6 4 4
X 10 public spending X 10 hours x 10 nominal interest rate X 10 real wage
4 4 1
|
‘ 0
| 3
2
‘ -1
2
|
0 ‘ -2
1
-3
) .
| U . o |
-4
)
-3 -4 -1 -5
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Quarters Quarters Quarters Quarters
M 15‘ private consum ption M 13 output
0 T 0 T
-0.2[ ]
-0.4r ] -0.5 ]
-0.6[ ]
-0.81 ] -1r ]
I
S1h b
1. i i i 15 i i i
0 5 10 15 20 0 5 10 15 20
Quarters Consum ption tax 80% debt Quarters

= = =labour income tax 80%| debt

28



Figure 7: IRF’s to one standard deviation negative technology shock with debt-to-GDP at 80%. Gap variables only
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Tables

’ Table 1: PARAMETRIZATION OF THE MODEL. BV stands for benchmark value. H

’ Parameter H Values H

B 0.9913

n 6

o BV=1. Values range from 0.8 to 2.

Wwh 19.792

Wy 0.2641

¢ 1

PA 0.7

oA 0.6%
b/y BV=80%. Values range from-100%-200%. First best, see below
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Table 2: SIMULATED MOMENTS

|

’ ‘ ‘ Both taxes

(Welfare cost=0)

‘ Only consumption tax (Welfare cost=0.0015)

Only labour income tax (Welfare cost=0.0914) H

| |
‘i ‘O'x‘O':ca‘O'xyH

Oza ‘

x ‘ Oy ‘ Oza

o |

T Ox Ozy

y 0.2530 0.1078 1 1 0.2530 0.0284 0.9992 1 0.2530 0.0204 0.9283 1

C 0.1999 0.1078 1 1 0.1999 0.0224 0.9992 1 0.1999 0.0148 0.7885 0.9597
™ 1 0 -0.1661 -0.1661 1 0.0036 -0.1804 -0.2140 1 0.00096 -0.7187 -0.4139
h 0.2530 0 0.6755 0.6755 0.2530 0.0016 0.6741 0.7034 0.2530 0.0113 -0.7447 -0.4376
w 0.8333 0.1078 1 1 0.8335 0.0858 0.7241 0.6978 0.8336 0.0826 0.9957 0.9579
T 1.0078 0.0901 0.2703 0.2703 1.0077 0.1059 0.3069 0.3434 1.0077 0.0488 0.3112 -0.0563
b -11.5944 0.7736 -0.9683 -0.9683 -11.2171 0.8161 -0.9669 -0.9766 -11.3841 0.9198 -0.8610 -0.8132
Tl -0.3920 0.0759 0.4636 0.4636 - - - - - - - - -0.2001 0.1189 0.7424 0.4351
Tc 0.16 0.0759 -0.4636 -0.4636 -0.1666 0.0750 -0.4672 -0.5002 - - - - - - - -

g 0.0530 0.1078 1 1 0.0530 0.0060 0.9992 1 0.0530 0.0075 0.9737 0.8283

Note: Efficient Steady-State. Moments extracted as the median of simulations conducted via replicating the

model for 100 periods, 5000times. Welfare loss represented as percentage of efficient steady-state consumption

units conditional to a normalized technology shock.
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] Table 3: SIMULATED MOMENTS

Only consumption tax (total welfare cost=>5.2316% ||| Only labour income tax (total welfare cost=6.7705
of which 0.19% due to business cycle fluctuations) of which 0.44% due to business cycle fluctuations)
ol 7 [ o0 [ 0w | T2y [ 2 | o [ o | Tay

y || 0.2027 | 0.0221 | 0.9998 1 0.1960 | 0.0209 | 0.9984 1

c || 0.1601 | 0.0175 | 0.9998 1 0.1570 | 0.0166 | 0.9981 0.9999

™ 1 0.0009 | -0.2893 -0.2935 1 0.0006 | -0.7185 -0.6954

h || 0.2027 | 0.0005 | 0.5774 0.5945 0.1961 | 0.0012 | -0.1939 -0.1376

w || 0.8333 | 0.0827 | 0.9799 0.9787 0.8333 | 0.0829 | 0.9965 0.9976

r || 1.0078 | 0.0307 | -0.4758 -0.4719 1.0077 | 0.0287 | -0.9903 -0.9930

b || 0.6554 | 0.1201 | -0.1482 -0.1293 0.6307 | 0.1545 | -0.0347 -0.0813

Tt - - - - - - - - 0.2686 | 0.0079 | -0.4807 -0.5237

7¢ || 0.2971 | 0.0330 | -0.5390 -0.5459 - - - - - - - -

g || 0.0425 | 0.0046 | 0.9998 1 0.0390 | 0.0044 | 0.9984 0.9989

Note: Generic Steady-State, Public Debt at 80% of Total Output. Moments extracted as the median of simulations

conducted via replicating the model for 100 periods, 5000times. Welfare loss represented as percentage of efficient

steady-state consumption units conditional to a normalized technology shock.
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5 Appendix A-Various Formulation of the Ramsey Programs

5.1 Ramsey Problem: General Formulation both Consumption and Labour

Income Taxes

Following the definition given in the main text, the Lagrangian of the Ramsey Problem when

both tax instruments are available can be represented as:

L= max B> B [ulce he,gr)] + (34)

oo
ct, by, T, gt t=0
h
Rt Z 17Tt77-§7bt 0

- e
g Ucy (mp — 1) T — ((1 — 1) Ue,t — Un,t ((1+:é)£> %— .\
" BE, | SR (myyy — 1) ()
t (1+th+1) TE+1 Tt41
Ucyt Uiyl Ry
+ t gl _ E ? +
[ (i ((1 i) w)
+3.48" |athy — ¢t — g — g (mt — 1>2] +
. , ,
PR ity
T e et e |
where we substituted the wage with its representation in (7), i.e.
1 C
 Ung (1+77) — w. (35)

Ue,t (1 — T?) !

The first order conditions with respect to the decision variables ¢, T?, hi, e, Re, by, 7¢ and gy are

respectively in order:

(1-n)
@

¢ o 0=1uct+714 [Ucc,t (mg — 1) my — htatucc,t:| +

—V1,4—1 <W (my — 1) (Wt)) +

Uee.t Ueet i1
g |l ) gy |t +
”“((HT@) T2t 1((1+T§) m )
h
Uce,tUht T
—Y3.t T Vap <T§+ ch (1+7%) ht(1th)> ; (36)

Uet - T
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(1+75) 0 he A7) 0 ) o
he @+ 0= [ - a) e
. Un,t + V14 (uhh’t (1 — T?) 1o ( n) Uet — Uht (1 _ 7—?) a +

(147§ 70
73,0t — ’Y4,t(1_7;f)utt
c,

- (Unt + unnthe) s (37)
t

(1 + Tf_l) Ue,t

Tt 0= Y1, (2m — 1) Uet — V1,4—1 (2m — 1) (1+79)
t
Uec,t Ry by
+7Y2.41 <(1+Tf)7Tt2> — g4 (M — 1) + ’Y4,t7T%§ (38)
h upt (1 +77) nhy Ut . 1
T : 0= —_— = 14+75H)h 5 39
t Y1t (1 B 7_?)2 o Yazt Ut ( t) b (1 — T?)z (39)
Ue 41 B b1
R, : 0=-— : - —; 40
t Yo, (1 +Tf+1) S Va,t R? (40)
b . 0= —5Et77f;+1 Ly Ef3 (41)
N hiung Uept1 (o1 — 1) (Teg1)
T 0= (= B +
(@ (1-77) (1+75q)
1 + Tc_l Uu ’t
TY1,6-1 <((1_:T§))26 (m— 1) (7Tt)> +
Ue,t Ue,t R4
- ——— | + 1l —= +
V2.t ((1 +T§)2) V2,61 <(1 —i—Tf)Q T )
Upt hﬂ'?
— L ————c | ; 42
’74,15 (uc,t (1 _ T?) t) ( )
gt 0=1ug:— V3.t T Vat- (43)

The first order conditions with respect to the Lagrangian multipliers, v, , with i = 1,2,3,4 are:

Yig ¢ 0= tey (me —1)m — [(1 =) Uet — Uht ((i __‘_77:?) CZ] hzoat +

—BE; m (41— 1) 7Tt+1] ; (44)
Yoyt 0= s — B ((1‘_‘:";;1) Wi) ; (45)
Y3+ O0=athy —c — gt — % (me — 1)%; (46)
Yoo @ 0= bthl - Z — g Z”Z Mhtrﬁ + et (47)
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At steady-state we can rewrite the first order conditions of the endogenous variables, the policy

instruments and the Lagrangian multipliers as:

o O:%<77 h_u:h)_ﬁuc(w—l)w>+%< Ue (7r—1)7r>—|—

e (1 (1+7°) (1+7)
U Uet R up  hrh >
— — |+ — | - —_————c; 48
72((1—#70)2) T2 ((1+T§)27r> 74(%(1—7'}1) (48)
(1-n Ucc
c : 0=wu.+v7 |:UCC(7T—1)7I‘— 5 )haucc — YiUee (T = 1) 7T + 74 A+
Uee R UecUp, Th
— - c 1 c ) . 4
72<(1—|—TC)7T)+74 <7— + ug ( +T)h(1_7_h)> V35 ( 9)

h @ 0=wup,+7, (uhhm}::— <(1—77)uc—uh8f:>)z> ;)

(1+7° Th

+")/3 - ’Y4m (uh + Uhhh) ; (50)

h up, (1 +7°) nh up, c 1
. 0=+~ i —(1+79h ; o1
! (1—7'h)2 ® 4 c( ) (1—7'h)2 (51)
u. f b
R — — 2
72(1—}-7":)7{' 74R27 (5 )
g 0=wug—73 =74 (53)
Ya Y4
0=_1"4 ] 4
2 (54)
u. R b
T 0=9 27— 1uc—7, 27— Duc+ 7 (1) =732 (T = 1)+ 7455 (55)
h (1+7° h
: ¢ -1 1-— —(1- c— — =0
ot ue(r = DT 8) = (= ) s (56)
Ue u. R
: — — | =0;
s g () O o
Vs h—c—g—g(ﬂ—l)ZZ : (58)
b b up, (L+7°), 4
P = ———g— — h ‘=
T4 R ue (1 —71h) ter (59)
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5.2 Ramsey Problem with Labor Income Taxation

The Lagrangian of the Ramsey problem when the policy-maker is constrained to keep consump-

tion taxation fixed at zero, i.e. 77 = 0 V¢, is given by:

L= max EQZﬁt [u(ct, by gi)] +
t=0

cty g, Ty Gt
RtZ]_,T?,bt —o

Ue,t (me — 1) 7y — <(1 ) Ue,t — “h,t(l_lﬁb) CZ) %_

+71,t5t +
i BE [ucr1 (Tev1 — 1) (me41)]
I R

948" |ter — BE: (Uc,t+1 L >] + (60)
L T41

+y3.48" |athy — e — gr — g (m — 1)2] +
[ by bt+1 Up, t htT,{L

R R T .

T4t Tt gt Rt Ue,t (1 — 7'?)

where we have substituted the wage with

_ ’LLh7t 1
Ue,t (1 — Tf)

= Wt.

The first-order conditions with respect to the decision variables ¢, T?, he, 7w, Ry, by and gy respec-

tively are:
1_
ct 0 0=t +71y [ucc’t (my — 1)y — ( : n) htatumt} n
Uee,t R4
e (o (1= 1) (7)) +2me m) =231 (e L) +
h
Ucc,tUh,t Tt
— + =—=h ; 61
73,t 74,1& ( uat t (1 — '7'1]57')) ( )
h Unt  nhy Upt 1
t 1,t(1_7_?)2 ) 4’tuc,t ((1_7_?)2)
1 nh 1 n\ at
hy @ 0=wups+ Uppht———~—— — | (L =) Upt —Upt——~— | — | +
t h,t 71,1‘/ ( hh,t (1 — T?) 1 © (( 7]) c,t h,t (1 — T?’) as 0
h
-
Y340t — Vay = Tth) e (Unt + unn,the); (63)
t C?
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T 0= Vl,t (27Tt — 1) Uet — 71,7&—1 (27Tt — 1) Uc,t + (64)

R4 by
+Y2.4—-1 <Uc,t2 ) =30 (Mt — 1) + 74153 (65)
T T
Ue,t41 b1
Ry : 0= —72,t5 £ — Y4t pa (66)
7Tt+1 Rt
Ya,t+1 Yar
by : 0= —pBE,—— + —=; 67
! ! Ti1 Ry (67)
Gt 0 =1ugsr —V3; — Vas (68)

and the first order condition with respect to the Lagrangian multipliers v, , with i = 1,2,3,4

are:
1 n htat
0% D 0=ucy (mg — 1) — | (1= 1) Uer — up, — + (69)
1t ¢ ¢ t(l T a ) ¥
—BE; [ucp+1 (mi1 — 1) mga] 5 (70)
R

Yo 0 0=uct — BE: <uc,t+lt> ; (71)

Ti+1
Y31 0=athy —c — gt — g (¢ — 1)2 ) (72)

bt+1 bt Up,t htT?

0=——"——g— - 73
Va,t Rt T gt Ue g (1 _ T?) ( )

At steady state we can write the first order conditions of this policy problem as:

up  nh up, 1

h
™ ¢ 0=y——m— =Y 74
71(1—7'h)2§0 74“«: (1—7‘h)2 (74)
15} b
R : 0= —’)/QU(;; — ’)/4?, (75)
g 0=ug—v3— 74 (76)
Ya Y4
0 Y4, Y4, 77
T + BR’ (77)
L0 (1-n)
¢ 0=uc+vy] |Uee(m—1) 7 — " hatice | — Yqtee (T — 1) T + Yolee + (78)
R UecUp, T
—72 (Uccﬂ) +'74 ( ug h(l — Th)> — 733 (79)
1 hy AR
h = — (1= . —Up——t | =
0=up+m (Uhh(l_Th) - (( ) u Uh(l—Th)a> gp) + (80)
Th
+73 — VAT (un + unnh) ; (81)

R b
Rt 0= @ - Due- 7 @r - Do+ (uks ) <l - D4vog (62
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Y1 o ue(m—1)mw(1—=p)— (1—77)UCZ+Uh(1_1Th)7]Z = 0; (83)
Vo i Ue — 511@2 = 0; (84)
Y3 ot h—c—g—f(w—1)220; (85)

MR TR Y T W
5.3 The Ramsey Problem with Consumption Taxation

The Lagrangian of the Ramsey Problem when only consumption tax is available, i.e. 7/ = 0 V¢,

can be represented as:

o0
L= max . Eo Zﬁt [u (ct, bty ge)] + (87)
Ctaht77rtvgt7 t=o
Rt 2 17 T?a bt -
| et (me = 1) ((1 = 1) te — ung (1+77) a%) huge —
+71,tﬁ T +
BE, {W (mer1 = 1) (Wt+1)]
L t+1
Ue.t Ue,t+1 Ry
_|_ t g _ E ) _|_
12 | <(1 ) w)
+73,t5t athy — ¢y — gt — % (m — 1)2} +
[ b b
I 2+l c
+74,.8 T gt + R + CtTt] .
Where, as before, we substitute the wage with
U
_uLv: (1+75) = wy. (88)
C

)

The first order conditions with respect to the decision variables c;, ht, m¢, Re, by, 7§ and g; respec-

tively are in order:

(1-n)
@

¢ 0=tct+71, [Ucc,t (g — 1) my — htatucc,t:| +

1o (W (v~ 1) (m)) +

Ucc,t Uee,t Rtfl
+72’t<(1+75)> 7”—1<<1+Tf> - >+

—Y3.4 + VarThs (89)
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h a
hy 0=wups+714 <uhh,t (1+7%) ?;t — <(1 — ) Uet — Unyt (1 +7F) ;’) 90t> +

+75 401} (90)

(1 + Tf,l) Ue,t

Tt 0=y, (2m — Duet — 71,1 (2m — 1) (479
Uc,t R4 by
+Y2,-1 <(1+7_§)7T?> — Y30 (me — 1) + ’74,t7?t2; (91)
U T —1)(m
o 0=, D by — B ct+1 (Tt - ) (i41) N
¥ (1+75,)
TY1,0-1 (W (e — 1) (m) +
Ue,t Ue,t Rt—l
o | g | F v [ +
T2x <(1 +Tf)2> 241 ((1 +T§)2 e )
4,615 (92)
Ue 41 B bii1
R; 0=— : - 5 - 93
t 72,15 (1 + T§+1) Te41 '74,15 Rt2 ( )
Yar+1 | V4
by 0=—-pBE——— + —=. 94
! b Tt41 Ry (94)
g+ 0=ugt— 73— Vay (95)

The first order conditions with respect to the Lagrangian multipliers v, , with ¢ = 1,2, 3,4 are:

hia
Y1p ¢ 0= uer (me —1)m — ((1 — 1) Uet — Ut (1 +77) Z) % + (96)
14+ 7%) u,e

g, | AT et 1y ()| (97)

(T+76)

Uet Uepyr1 Iy
L 0= et _8E : : 98
Tt (1+77) 0 t<(1+7f+1)7ft+1> )
V3 Ozatht_ct_gt_g(ﬂ't_l)2§ (99)
biv1 by .

MtIOZ?i—g—%+%ﬂ- (100)
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At steady-state, we can write these first order conditions as:

0=y (Dt gt D )y (g @)+ (o)

<U> o [t RN (Uhhfh_c>.
Y2 (1 + TC)2 Y2 (1 + 7_5)2 T V4 Ue (1 — Th) )

c : 0=u.+m [ucc( haucc] YilUee (M —1) 7+ (102)

7
() - (g ) 120

_(d=n

hn 1
0= 1+7)— — (1 =n)ue —up (1 +79 L) = ; 103
pi0=wn ot (w0479 (= mue- w1479 7) D) (103
u. p b
g : O:U/g 73 745 (105)

R b
" o—vl<2w—1>uc—m<2w—1>uc+fm((HT) 22) =950 (7 = 1)+ 72 107

h h
Yot Uc(ﬁfl)ﬂ(lfﬁ)*(1*n)uc;+uh(1+78)ﬁ;:0; (108)
uC uc R
. _ ) =0: 109
72 (1+7°¢) ﬁ((l—i—TC)Tr) ’ (109)
PR h—c—g—g(ﬂ—l)zz : (110)
boob .
"}/4 : E_%_g"_CT :0 (111)

6 Appendix B-Proofs

6.1 The Social Planner’s Program -Proof of Proposition 3

The Social Planner problem is characterized as:

o0
ﬁ*:cn}fu; By B'u(ce, hi, gr) — 7,8 lashs — ce — g1] (112)
tyIt,gt -0
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The optimal level of consumption, labor and public spending are given respectively by

Uey = Vs (113)
Upe =~V (114)

and
Ugp = V- (115)

Therefore, by combining these three expressions one can obtain

uc,t = a - ug,t (116)
6.2 Proof of Proposition 5
Combining equation (52) and equation (55) eliminating 7, one can write
u. R ue BR?D
0=y [ e 2) — 1) e P D 117
(e m) — - D-mes S (117)

From (57) we have that

3|
|~

and therefore (117) becomes
0=—y3p(r—1).

Given that v > 0 represents the marginal utility of relaxing the resource constraint it follows
that.
m=1. Q.E.D.

6.3 Proof of Proposition 6

The proof is done via a comparison between the decentralized equilibrium and the first best
allocation. First of all, one can notice that in the decentralized equilibrium, part of the output
is eroded by the inflation rate. Therefore any efficient steady state allocation need to forsake a
zero inflation policy so that the decentralized market clearing condition is equivalent to the one

in the efficient steady state, i.e.

y*=h"=c"+g". (118)
Second, in the efficient equilibrium
_uh) (119)
u (c*)

In other words, the marginal utility of consumption equates the marginal utility of leisure. In

the decentralized steady-state the marginal rate of substitution between consumption and hours
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worked is given by

ot (122

Equating the last two expressions, efficiency requires

n—1 (1—Th) 1 (121)

n 14 7¢

Finally, these efficiency conditions must hold together with the government budget constraint

as
opt * *

; —1
e e GO (122)
0

he T h* b
Combining the latter with the market clearing condition one can recover (26) presented in the

main text, i.e.

s.opt —1
R A (Th) ~1 (123)
n

Now, one can rewrite (121) as

(1 - Th> 7’;1 =(1+79. (124)

By plugging the latter into the government budget constraint, it yields

s.opt * -1 -1
x* :<1_7_h)i*77 _( Ui —Th) L (125)
h h* n n—1 n
Given that fL—* < 1 and n > 1, it is easy to show that
*n—1 —1
(1 - Th> A ( i rh> n—- (126)
h* n n—1 n
Hence
i.opt
7 <0QED. (127)

In other words, efficiency requires the government to accumulate public assets, i.e. first best is

not attainable for a generic level of public debt.

6.4 Proof of Corollary 7

Combining equations (25) and (26), it is straightforward to show that a generic level positive

level of Z requires in an hypothetical first best decentralized equilibrium

*

h*

1 (&
(1+TC)+(1J_r:h>rh—1zo (128)
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or

* 1+ C
marr (g )tz (120)

which is possible if and only if either 7" > 1 or 7¢ < —1.

As a proof, let assume 7°P' = 0. From (25), we can rewrite 7¢ as

o= (’7;1 (1-7) - 1) (130)

and we substitute it in (26) obtaining
(1L (o)) ()
— | —(1- -— >1 131
h ( " STy )T s (3

1] 1=l

h_ n_h*
= e > (132)
] n h*

and therefore

On the other hand, if we rewrite 7" from (25) as

n
=(1-@1+7r)— 1
(1-a+m-1). (13
and we substitute it in (26), we obtain
) n—1 U
— (1 —(1-(1 1= 134
R R (L R e B (130
which implies
101
(7= —1)
_n=1
c . n
T ~1. (136)

/\

?7 -1)
Given that }CT* —1 <0, (135) requires 7¢ < —1 Q.E.D.
If we allow for full profit taxation, i.e. 7¢ = 1, the steady state government budget constraint

reads as

goprt ct . n—=1/7,4 g* 1

_ 4 4z 1
o T (") - % o (137)
Efficiency requires

() 2. (138)
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Hence

Fort c . n—=1/7,4 g 1
_ A 139
T G R i (139)
s.opt —1¢c* -1
T (1 - rh) n-ie (1 - Th> n-- (140)
h* n h* 7
It is straightforward to show that (1 —7") "T_lfl—* - (1-7" "T_l < 0. Hence j;zpt < 0 even in

the presence of full profit taxation. Q.E.D.

6.5 Ramsey Steady State with only Labor Income Taxes (Proof of Proposi-
tion 8)

As discussed in the main text, in order to pin down the RSS, we fix an exogenous level of steady
state public debt. By doing this, (67) becomes redundant, i.e. there is no need to take the foc
wrt public debt. Therefore in finding the RSS one can substitute out for the government budget
constraint and therefore eliminate from the Ramsey problem (60) -y,. More precisely, given that
v, is indeterminate and therefore unconstrained, there always exists a value of v,, such that,
for a given value of by and the optimal monetary policy in place, i.e. 7* =1, R* = %, the RSS
allocation in this modified problem is identical to the one in (60). In other words, given the
indeterminacy and the irrelevance of price stickiness for the RSS allocation, the Ramsey problem
can be recast in terms of real allocations only, with an initial value of public debt/assets and
the optimal monetary policy in place.

From (7)
Uh,t

= Wt (1—7’?’) :wt—T?wt,
Ue,t

and from the steady state version of the government budget constraint (86)

h ~
Tt'wtht:gt—i‘fl,’,

_ Un,t

we can rewrite the real wage as wy = —
C,

+ —gt}: Z and transform the Lagrangian (60) as

o
L = max _ FEp Zﬁt [u(ct, he, gt)] +
Ct,ht,ﬂ't,gt, t=0
R:>1
t=0
i hiatuc N _ Un,t  gi+T .
o I A (== - 2%2)) +
i BE; [ucpy1 (meg1 — 1) (mi41)]
[ R
+72,48" |tes — BE; <uc,t+lt )] + (141)
L T+1
+73:8" |athy — ¢t — g — g (me — 1)2} .
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The first-order-conditions are given by the three constraints and

hiazu + 2z
¢ 1 0=ucr+ 71y [ucc,t(m—l)wt—t;cc’t (1—77+17‘qt >] +

hy
R4

Uu, ot
—V1,t-1 ((1;‘07’?) (me —1) (M)) + Y2, (Ucc,t) — Y2,t—1 (ucc,tﬂ_t> — V3. (142)

Uet Upt Gt + T Upt Gt + T
he © 0=wupy — ’(1— — ( L. )—h < L )>+
¢ e (I=n)—n s e s 2

T3, at; (143)
Rt
T 0=1 (2m — Dtiey —v141 2me — 1) ey + 7241 Uet— 5= | = V3e¥ (me—1);  (144)
t

U t+1
R, :0= _'72,7&/87; (145)

Tt+1

N n

9t :0=wugs — Vl,t;uc,t — V3t (146)

We can now impose the steady state and obtain v, = 0 from (145). Using this results in (144),

in the Euler equation, and in the New Keynesian Phillips curve, we obtain respectively:

T=1,
1
R=-,
g
and ~
_uh:_(l—n)_gt+x (147)
Uc n ht
Note that since u;, < 0 and u. > 0, it follows that
-2 <, (148)
t
The remaining conditions simplify to
h +
¢ e+ [—““ (1—n+n9h$)] oy = 0; (149)
12
Ue [ upnh +
h:up + 0y — <hh+g )—1—73:0; (150)
2 c h
N
g:ug— 71;% — 73 =0. (151)

Note that 73 represents the marginal utility of relaxing the resource constraint, therefore 5 > 0.

Moreover, the latter FOCs determine the possible alternative uses of the disposable resources
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such as consumption, labor and government spending. It must be the case that 5 is greater
than all the marginal utilities, namely u., ug, —up. Equation (151) therefore implies v; < 0.

Combining equation (149) with (151) to eliminate 75, we get

g+ 722 (1= + %)
1+7]

Ue = ’

and given condition (148), v; < 0 and u.. < 0, it follows that

“g+71uCTfh (1*77+77$) Uech g+
Ue = Sug“")/l o 1_77+77 Sug-

1+7
Therefore we have that vy > u. > —up. Q.E.D.
6.6 Ramsey Steady State with only Consumption Taxation (Proof of Propo-
sition 9)

Here we follow the same approach as for Proposition (8). The Ramsey Planner under the

consumption taxation regime solves the following problem

L= max _ Eo Z Bu (e, by, gi) + (152)
Ctah’hﬂ-t)gta t=0
Rt Z 177—§7bt>

(L =ma—n2e 1+ 7)) (ko)

(= )+ BB [ 28T (1) ()|

+7: 8 +

2t Ue,t U t+1 Ry
28t | el pR
7155 (1 + Tg) B t ((1 + T§+1) 7Tt+1>

Y28 [—gr — T + i) +

+7¢ 8 :at (he) = (ct) — g9t — g (¢ — 1)2} )

+

To simplify matters, following Adam (2011) we substitute the tax instrument using the constant

steady state version of the government budget constraint as

iy (153)

Ct
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The first order conditions of the transformed problem are

[ — (0= 1) (te + tee,ict) be (Cosr + g1 + ) |
—nupthe (cep1 + gie1 + Z) +
¢  0=uct+71, —@(my — 1) 7 (Coq1 + g1 +T) Uey +
— (m — 1) 7 (Ce1 + Ge1 + T) UeepCt
+oBE i r1¢i4+1 (Tep1 — 1) (Te41)

—(n—=1)ucp—1¢i—1hi—1—
1| nupg—1(ct—1+ g1+ 2) b1 — @ (mi—1 — 1) my—1uep—1ce—1+

TV1,4-173 _ +
B —pB(ct—1+ g1+ T) (mp — 1) (74) ue+
OB (ct—1+ gi—1 + T) (e — 1) (74) Uge et
Uece,t (1 + L:?) + uc,tig:zrj Ry p | Yeet (1 + L;:i) + Uet gt:?ri
+’72,t Gt D) — Y2,t-1 T e 2 +
t t
(1+ ) (1+2)
V3,63 (154)
(1 —n)ucscr (ceq1 + gip1 + T) —
how O=wune+71 | nung(ce+ge+3) (41 + g1 +3)+ | +
—nhiupn (¢t + gt + T) (ctr1 + ger1 + )
3.4 (155)
g ugr+ vy [Fnhung (o1 + g1 +3) + @BE (Tip1 — 1) (Tg1) Ueg1ce] +
1| he—1 (I =m) ueg—1ci—1 — nhy—1up—1 (c—1 + gi—1 + &) +
Y1417
g —p (M1 — 1) T Ue—164
Ue,t Ue,t
el 13 Rtfl 26t
—Vaou % + Y241 ) ZH 5| — V3. (156)
T t
o= =
R:v9,BE: (ct + gt + 7) (uept1ct41) =0 (157)
™ot =Yl 2me — D ucrer (Ce1 + gep1 + )] +
+14-1 [ (et—1 + ge—1 + ) (27 — 1) ucree] +
Uet R4
TY2,0-1 e 5| — 30 (M —1). (158)
(1 + gtc-l-z’) ;
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At steady-state we obtain

72 =0, (159)
so that (158) gives

T=1, (160)
and therefore, from (8) we get

R= ; (161)

The first order condition with respect to v; becomes

up,  (n—1) 1

_Uh _ — (162)
T ()
and since up < 0 and u. > 0, the latter implies
-1
oc=b_ e (163)
n (c+g+72)

therefore —uy, < u,.
Using these results on (155), (156) and (??) it yields respectively

o7 (c+g+§c)77[—(77 ; l)ucc+ (c+g+2)(—up— huhh)] =—up—"73<0 (164)
=0
This conditions implies that v; < 0.
vih(n—1) [(; + 1) ﬁ (—up) (c+g+7)— ;ucc] =3 —ug >0, (165)
vih(n—1) [(; —1—1) %(—uh) (c+g+T)— (ue+ uecc) (c+g+7) — ;ucc] =3 —uc. > 0.
(166)
Summing (164) and (165) we get
Y1(c+9+7) 77[—(77;ch0+ (c+g+2)(—up — huhh)] +
>0
h( —1)[(1-1-1) iU (—up) (c+ +§:)—1uc]——u —u (167)
71 n ﬁ (77 _ 1) h g ﬂ c - h g
>0
since .
Y1(c+9+2)n {_(77— )ucc—i- (c+g+2z)(—up —huhh)} <0 (168)
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and

ylh(nl)Klel) 77 (uh)(c+g+i);ucc<0,

it must be the case that
and therefore

Combining (165) and (166) one obtains
Ug = e — y1h (n = 1) (ue + ueec) (c + g + 7)),

and therefore:
a) If —<pee =1, then (uc + uccc) = 0. It follows that

Ug = Ue.
b) If —€tee > 1, then (uc + uccc) < 0. It follows that
Ug < Ue,
c) If —<e= <1, then (uc + uecc) > 0. It follows that
ug > ue. Q.E.D.

6.7 Derivation of Conditions (29) and (32)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

If the policy-maker can use only labour income taxation, we can rewrite the labour supply

condition as

Bt = —w=0.
“h C((w—l)h—l—c—fc v

Applying to the latter the implicit function theorem, it yields

o (msiren) (Chu) (- 25) - & (i) (i)

oh

Oc _(—hUh) (‘&32) — u% (m) (—huy)
on uic (—hupp) — u% (%) (—huy) -

49

i (s () = 3 (e ) ()

(176)

(177)

(178)



Collecting terms we rewrite it as

de [—mﬁh—hc (m)]

= = — , (179)
oh [—’“J%c —he (4[(wf(iu)h<1k)cfmf] )}
since (w —1) = —%, it yields
h () ch( L )
o _ 5] : (180)

1
Assuming that (c — %h — :ﬁ) > 0, then ¢ (—hz%) +ch <n) > 0. Therefore, the sign of

(180) depends only on its numerator, i.e.

80) Clee 1

— =1h +ch| — (181)
<ah sign U C— lh—.%

n

sign

It follows that % > 0 requires

The above expression collapses to condition (29)

% it — Hee o ¢ (182)
oh Ue {c —F— lh}
n
hence for £ = 0, n — o0, i.e. perfect competition case with no public debt,
Oc . Cllge
— >0iff — <1. 183
oh — 01 Ue (183)

As T turns positive, or ceteris paribus, n < oo, the LHS of (182) becomes greater than one.

ClUcc
Uc

Applying the implicit function theorem to the labour supply condition when only consumption

Hence there are values of — greater that one for which % > 0.

50



taxation is available, it is easy to show that % reads as

on _ (=) [wee ((9)] s

dc % [— <h%lh + 1) UpUe — uhhuci]

which again is negative (positive) for —<iec > (<) 1. Note that for —<= =1, % = 0.

U

51



