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ARE CONSUMPTION TAXES
PREFERABLE TO INCOME TAXES
FOR PREVENTING
MACROECONOMIC INSTABILITY?

STEPHEN MCKNIGHT
El Colegio de México

This paper examines the local determinacy implications of using consumption taxes and
income taxes to finance a balanced budget fiscal policy for a variety of popular monetary
policy rules. It is shown using a New Keynesian framework that the severity of the
indeterminacy problem that arises under each tax system depends not only on the
specification of the interest-rate feedback rule, but also on the magnitude of the steady
state tax rate, the steady state government debt—output ratio, and the degree of price
stickiness. Significant differences in the determinacy criteria across the two tax systems
are found to exist. The robustness of the results is assessed by extending the baseline
model to include capital accumulation and the taxation of bond interest income. From a
policy perspective, our results suggest that future shifts toward indirect taxation could
have nontrivial implications for the setting of monetary policy under balanced budget
rules, in particular the ability of the Taylor principle to achieve determinacy.

Keywords: Equilibrium Determinacy, Distortionary Taxation, Taylor Principle, Balanced
Budget Rules

1. INTRODUCTION

How should the government finance its spending under a balanced budget fiscal
policy? Recent real business cycle studies suggest that the tax system used to fi-
nance a balanced budget rule can have important implications for macroeconomic
stability.! This literature has shown that income taxation may induce multiple equi-
libria, or equilibrium indeterminacy, which can destabilize the economy through
the emergence of expectations-driven fluctuations. In contrast, Giannitsarou (2007)
finds that determinacy, or local equilibrium uniqueness, is easily induced under a
balanced budget policy if the government raises revenue using consumption taxes
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rather than income taxes, as the former do not exert a destabilizing influence on
the economy.

An important omission in this literature, however, is the absence of monetary
policy from the determinacy analysis. As first highlighted by Leeper (1991), the
determinacy properties of a rational expectations equilibrium depend crucially on
the assumed interactions between fiscal policy and monetary policy. If monetary
policy is implemented in terms of an interest-rate feedback rule and the govern-
ment uses [ump-sum taxation to continuously balance its budget, there is now a
large literature that explores the suitability of the Taylor principle for preventing
indeterminacy of equilibrium.? 3

This paper investigates the conditions for determinacy under a balanced budget
fiscal policy by augmenting a standard New Keynesian sticky-price model to
include distortionary income and consumption taxation. Its main aim is to use
the criteria for equilibrium determinacy to compare tax systems under alternative
monetary policy specifications. It is assumed throughout that both tax systems
are proportional, and that the government can only employ one of the two taxes
to raise revenue to finance a fixed level of unproductive spending. Monetary
policy is characterized by either a forward-looking or a contemporaneous-looking
interest-rate feedback rule that responds to inflation and output. It is shown that
the necessary and sufficient conditions for determinacy are not equivalent across
the two tax systems, and this can have important implications for the effectiveness
of the Taylor principle in preventing indeterminacy.*

To understand why differences in the determinacy criteria arise, consider how
each tax system affects aggregate demand and aggregate supply in response to
changes in the real interest rate. Under both consumption and income taxation,
movements in the real interest rate induce changes in aggregate supply through a
public finance channel of monetary policy: higher real interest rates imply larger
government debt repayments and higher taxes to balance the budget, which exert
upward pressure on real marginal cost and consequently inflation. However, under
consumption taxation, fiscal policy can additionally influence the economy via
an aggregate demand channel: expected changes in the consumption tax rate
that arise from the public finance channel induce changes in the after-tax real
interest rate, which directly affects aggregate demand via the consumption Euler
equation.

Our main results are as follows. First, if the monetary authority sets the nominal
interest rate in response solely to future inflation (i.e., a strict future-inflation-
targeting policy), we find that under income taxation the Taylor principle easily
renders the equilibrium indeterminate, and the problem of indeterminacy cannot
be ameliorated by the incorporation of future output into the feedback rule (i.e.,
a flexible future-inflation-targeting policy). The severity of the indeterminacy
problem is shown to be increasing in the steady state tax rate and the steady
state government debt—output ratio and decreasing in the degree of price sticki-
ness. In stark contrast, the Taylor principle always generates determinacy under
consumption taxation.
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Second, we find for a strict contemporaneous-inflation-targeting policy that the
range of determinacy increases significantly under income taxation, and indeter-
minacy can easily be ameliorated if the feedback rule also responds to current
output. Although determinacy is also possible under consumption taxation, now
the Taylor principle can additionally result in an explosive equilibrium, which is
more likely to occur the higher is the steady state government debt—output ratio and
the lower the degree of price stickiness. Moreover, a flexible contemporaneous-
inflation-targeting policy exacerbates the problem of explosiveness: the higher the
weight assigned to output in the interest-rate feedback rule, the greater the area of
explosiveness associated with the Taylor principle. In this case, a passive monetary
policy is shown to be appropriate for inducing determinacy.

The robustness of these results is explored by modifying the baseline model
to include either the taxation of bond interest income or capital and investment
spending. When bond interest income is also subject to income taxation, the after-
tax nominal interest rate enters the consumption Euler equation. This is shown
to have two implications for determinacy. Similarly to Edge and Rudd (2007),
the lower bound on the inflation response coefficient needs to be greater than
the Taylor principle prescribes, in order for increases in the after-tax nominal
interest rate to result in a real-interest-rate increase. In addition, expected changes
in the income tax rate that arise from the public finance channel now also directly
affect aggregate demand. However, unlike the case with consumption taxation, this
aggregate demand channel is found to be weak. Consequently, the conclusions of
the baseline model remain qualitatively unchanged. When capital accumulation
is incorporated into the model, the severity of the indeterminacy problem under
both tax systems is shown to be increasing in the degree of price stickiness
and decreasing in the steady state government debt—output ratio. For a strict
contemporaneous-inflation-targeting policy, the numerical exercise finds that the
region of indeterminacy is always relatively larger under consumption taxation
than under income taxation. However, indeterminacy is easily preventable under
both tax systems if the feedback rule also reacts to current output.

In many countries, there has been a shift away from direct taxation toward
indirect taxation. For example, in the European Union the share of indirect tax-
ation in total taxation has increased by 1.2 percentage points during the period
1995-2006 [Lipinska and von Thadden (2009)]. Indeed, by 2006 indirect taxation
had became the major source of tax revenue within the EU, totaling 13.9% of
GDP compared to 13.5% of GDP raised under direct taxation [Lipiniska and von
Thadden (2009)]. Additional reforms have been advocated to further shift tax
systems toward indirect taxation both at a European level and within individual
European countries [OECD (2006); European Commission (2008)]. The findings
from this paper suggest that such reforms could have nontrivial implications for
the setting of monetary policy to prevent indeterminacy. As an example, a counter-
factual exercise for the Euro area is performed, which considers the determinacy
consequences of a revenue-neutral switch from income taxation to consumption
taxation. For four variations in the underlying model environment, the tax reform
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can have both positive and negative repercussions for determinacy under the Taylor
principle. Consequently, depending on the monetary-policy reaction parameters
chosen by the central bank, switching to consumption taxation could actually be
harmful for the economy under balanced-budget rules.

The current paper is related to a small literature that has been exploring the
determinacy implications of different monetary and fiscal policies under distor-
tionary taxation [see Benhabib and Eusepi (2005); Linnemann (2006); Kurozumi
(2010)].> Previous studies have focused exclusively on the determinacy conse-
quences of income taxation. Linnemann (2006) investigates the determinacy im-
plications of income taxation under a strict future-inflation-targeting policy and
shows that the Taylor principle cannot prevent indeterminacy under a balanced-
budget rule. Benhabib and Eusepi (2005) find that indeterminacy can also arise
under a current-looking interest-rate rule. Furthermore, they show that if the mon-
etary policy rule additionally reacts to output, this can help in ameliorating the
indeterminacy problem associated with a balanced budget fiscal policy. Kurozumi
(2010) considers the determinacy implications when the monetary policy rule is
designed to respond to forward-looking inflation and contemporaneous output. He
finds that the conclusions of Linnemann (2006) can be overturned if seignorage
revenues enter the government budget constraint.% The contribution of the paper to
this literature is twofold. We make a first attempt at investigating the determinacy
implications of consumption taxes with the aim of providing a direct comparison
between direct and indirect taxation. Second, we additionally focus on a variety
of popular interest-rate rules that respond to both inflation and output, which are
implementable and empirically motivated and hence should be of greatest interest
to policy makers. This is important, because we find examples where reacting to
output in the interest-rate feedback rule can be either beneficial or harmful for
determinacy.

The remainder of the paper is organized as follows. Section 2 outlines the
model. Section 3 compares the determinacy implications of budget balancing
using consumption taxes and income taxes under both forward-looking and
contemporaneous-looking specifications of the interest-rate feedback rule. Sec-
tion 4 extends the baseline model to allow for the taxation of bond interest income
and capital accumulation and discusses some of the policy implications of the
results. Finally, Section 5 briefly concludes.

2. A STICKY PRICE MODEL WITH DISTORTIONARY TAXATION

This section outlines the model. The economy is assumed to be cashless, with
a representative agent, a representative final good producer, a continuum of
intermediate-good-producing firms that set prices according to Calvo (1983), and
a fiscal and monetary authority. The fiscal authority follows a balanced-budget
rule and can raise revenue by taxing either consumption or income to finance
a constant level of (unproductive) spending. Monetary policy is specified as a
Taylor-type feedback rule in which the nominal interest rate is a function of both
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inflation and output. Because we are concerned with issues of local determinacy,
the following discussion is limited to a deterministic framework.

2.1. Representative Agent

The representative agent is infinitely lived, and chooses consumption C and labor
L to maximize discounted lifetime utility:’

D B U (C) —v (L], §))

t=0

where the discount factor is 0 < § < 1, subject to the period budget constraint
B+ (1 +1)PCi < R Bioy + Pi(1 =) (w, Ly + 01) . 2)

The agent carries B;_; holdings of nominal government bonds into period ¢, which
pay the gross nominal interest rate R;_;. During period ¢ the agent supplies labor to
the intermediate-good-producing firms, receiving real income from wages w, and
real profits from the ownership of intermediate firms ¢%,. The government raises
revenue, either by taxing consumption at a rate 7/, or by levying a proportional
income tax t! on the agent’s total labor and profit income w, L, + ,.% The agent’s
after-tax resources are then used to carry out bond trading B, and for final good
consumption C,. The first-order conditions from the agent’s maximization problem

yield
C P+ 1€
uc(C) = BR, ' ( +Tzc) ’ 3)
uc (Crq1) Po(T+17))
w(L,) 1-—1
L L. )

= w
u.(C;) 14+ 1f

Equation (3) is the consumption Euler equation and equation (4) is the labor supply
equation, where the trade-off between labor and consumption is the relevant after-
tax wage rate. Optimizing behavior implies that the budget constraint (2) holds with
equality in each period and the appropriate transversality condition is satisfied.

2.2. Firms

Following Yun (1996), the economy is composed of a continuum of intermediate
firms denoted y, (i), each indexed by i € [0, 1]. The final good Y; is produced
under perfect competition using intermediate goods as inputs according to the
following CES aggregation technology index:

3

1 —1
Y, = [ / n(i)‘?‘di} , (5)
0
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where ¢ > 1 is the constant elasticity of substitution between intermediate goods.
Letting p, (i) denote the price of good i, cost minimization yields the demand

schedule
[T
)’r(l)—|: P, ] Y;, (6)

where the aggregate price index P; is given by

1 —&
P = U P Edz} : 7
0

Intermediate firms hire labor to produce output, given a real wage rate w,. It is
assumed that a firm of type i has a linear production technology:

yi(i) = Ly (i). ®
Thus, given competitive prices of labor, cost minimization requires that
mc; = wy, (9)

where mc; is real marginal cost.

Intermediate firms set prices according to Calvo (1983), where in each period
there is a constant probability 1 — i that a firm will be randomly selected to
adjust its price, which is drawn independently of past history. A firm i, faced with
resetting its price at time z, chooses p; (i) to maximize:

max {Z(I/fﬁ)st t+s |:<i)t(l)> Yt+s (ﬁt(l) - Pz+smC;+s):| } s

where B*X; s = Bluc (City) fue (COIP/Pii)[(1 + 7)) /(1 + 7/)] is the
discount factor. All firms that are given the opportunity to reset their price in period
t behave in an identical manner. The first-order condition for this maximization

problem is given by
oo
~ e
P = Z qt,t+sMCr . 10)

e—1
s=0

The optimal price set is a mark-up -5 over a weighted average of future real
marginal costs, where the weight ¢, ;. is given by

(BY)* X114 P Vi
Z?io(ﬂw)sxt,t+s PziLs Yt+s .

The aggregate price level evolves according to

qi14s =

P =y P+ (1 —y)P (11)
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2.3. Fiscal and Monetary Policy

The government purchases a fixed quantity G of the final good, which is financed
by the issuing of new nominal debt B, and revenues from levying taxes, either on
consumption 77 C, or on real income rtl Y;, where Y; = w, L, + 9;. Consequently,
the government budget constraint is given by

PG =Pt C + Pthle + B — Ri—1Bi—1. 12)

To close the model we need to specify a fiscal policy rule and an interest-rate
feedback rule. Following Linnemann (2006) and Kurozumi (2010), we consider
a balanced-budget rule, where the stock of real government debt is permanently
fixed at its constant steady state level b:

by=— =b. 13)

Motivated by the studies of Clarida et al. (1999, 2000) and Orphanides (2001,
2004), we assume that the monetary authority adjusts the nominal interest rate in
response to changes in both inflation 7, = P,/ P;_; and output according to the

rule .
R = r(T2)" (Y—+)’ | 14)
T Y

where u, > 0 is the inflation response coefficient, 1, > 0 is the output response
coefficient, and R = w/8 > 1, m, and Y respectively denote the steady state
nominal interest rate, inflation, and output. The Taylor principle is represented by
U > 1, implying that the nominal interest rate rises proportionally more than the
increase in inflation. We consider two different specifications for the interest-rate
feedback rule: a contemporaneous-looking feedback rule (i.e., « = 0), where the
nominal interest rate reacts to both current inflation and output as first proposed
by Taylor (1993), and a forward-looking feedback rule (i.e., k. = 1), where the
nominal interest rate reacts to expectations of future inflation and output.’

2.4. Market Clearing and Equilibrium

Market clearing in the factor and final goods markets requires that L, = fol L.(i)di
and
Y, =C, +G. 15)

Aggregating the production function (8) across intermediate firms yields

Y__a
t d,

(16)

where d; = fol (p:(i)/ P;)~° di measures the price dispersion of intermediate
goods.

https://doi.org/10.1017/51365100515000802 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100515000802

1030 STEPHEN McKNIGHT

Equilibrium.  Given the constant G and the initial conditions B;—; and dy,_1,
a perfect foresight equilibrium consists of a sequence of prices {w,, mc,, P;, P,
d, }, a sequence of allocations {C,, Y;, L,, B}, a fiscal policy {z¢} or {t'}, and a
monetary policy { R, } satisfying (i) the optimality conditions of the representative
agent (3)—(4) and the transversality condition; (ii) the optimality condition of in-
termediate firms (9), the price-setting rules (10) and (11), the aggregate production
function (16), and a law of motion for price dispersion; (iii) the government budget
constraint (12), the balanced-budget rule (13), and the monetary policy rule (14);
(iv) the clearing of the final goods market (15).

2.5. Linearized Model

In order to analyze the equilibrium dynamics of the model, a first-order Taylor
approximation is taken around the steady state. In what follows, a variable X,
denotes the percentage deviation of X, with respect to its steady state value
X( X, = —) Noting from (15) that Y, = sCC,, where 0 < s. < 11s
the steady state consumption share in output, the linearized consumption Euler
equation (3) is given by

~ - ~ $.0T¢
Y, =Y —sco (Rr - 7Tz+1) + ﬁ ("E,CH - ?,C) ; a7
where 0 = —C~'(u./u..) > 0 is the intertemporal elasticity of substitution in

consumption. Combining the linearized versions of (4), (9), (10), (11), and (16)
yields the AS equation:'’

1\~ 7€ 7!
7, = B7, A Y, + A TC4 A 7, 18
T = BRip1 + <w+sco) r+ <1+Tc>fz + <1_T1>Tz (18)

where w = L(vy/v;) > 0 is the elasticity of labor disutility, A = W >0
is the real marginal cost elasticity of inflation, and 0 < ¥ < 1 is the degree of price
rigidity. Linearizing the government budget constraint (12), the balanced-budget
rule (13), and the monetary policy rule (14) yields

+TZAI+(T +T)Yz+5bbt= ,3 b 1+Rt 1_7Tt) 19)

b, =0, (20)

R\t = Mnﬁtﬂ( + I/Ly?ﬂr/cv (21)

where s, > 0 is the steady state ratio of government debt to output. To summarize,
7¢ = 7¢ = 0 in the linearized equations

for the income tax system we set 7/, | = T,
(17)—(21), whereas for the consumption tax system we set ?tl =7t =0.
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TABLE 1. Baseline parameter values

Parameter Value

B Discount factor 0.99

w Inverse of the elasticity of labor supply 0.47

o Intertemporal elasticity of substitution in consumption 1

4 Degree of price stickiness 0.75

A Real marginal cost elasticity of inflation 0.086

7! Steady state income tax rate 0.2,0.3,0r 0.4
T¢ Steady state consumption tax rate 0.05, 0.15, 0r 0.25
Sp Steady state ratio of government debt to output 0<s,<3

7. Inflation response coefficient O0<u, <4
My Output response coefficient O0<pu, <3

2.6. Parameterization

To illustrate the conditions for determinacy, the ensuing analysis uses the follow-
ing baseline parameter values summarized in Table 1. Parameter 8 is standard
in the literature and w is taken from Woodford (2003). We follow the related
determinacy studies of Benhabib and Eusepi (2005), Linnemann (2006), and
Kurozumi (2010) and set 0 = 1 consistent with micro-level estimates [e.g.,
Vissing-Jorgensen (2002)]. As noted by Benhabib and Eusepi (2005) and Huang
et al. (2009), empirical estimates of i vary considerably. As is standard in the
determinacy literature, we follow Taylor (1999) by setting ¢ = 0.75, which
constitutes an average price duration of one year and implies a real marginal cost
elasticity of inflation A ~ 0.086. However, the robustness of the numerical results
is examined for variations in . Estimated tax rates vary over time and across
countries. Consequently, the numerical analysis considers three values for the
income tax rate t/ = 0.2, 0.3, 0.4 and three values for the consumption tax rate
¢ = 0.05, 0.15, 0.25, roughly in line with U.S. and European estimates [see, for
example, Mendoza et al. (1994); Giannitsarou (2007); Lipifiska and von Thadden
(2009)]. Finally, given values for the tax rate and the ratio of government debt to
output s, the consumption share in output s, is determined from the steady state
version of the government budget constraint (12).

3. CONSUMPTION TAXATION VS. INCOME TAXATION

This section compares the determinacy implications of consumption taxes and
income taxes under the baseline model. For both tax systems, the necessary
and sufficient conditions for equilibrium determinacy are derived for two vari-
ants of the interest-rate feedback rule: a forward-looking specification, where
the nominal interest rate is set contingent on future inflation and output, and a
contemporaneous-looking specification.

3.1. Forward-Looking Interest-Rate Rules

We start by considering the consequences for determinacy if monetary policy is
characterized by a forward-looking interest-rate rule.

https://doi.org/10.1017/51365100515000802 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100515000802

1032 STEPHEN McKNIGHT

PROPOSITION 1. If the monetary authority follows a forward-looking
interest-rate rule, the necessary and sufficient conditions for local equilibrium
determinacy are as follows:

A. Income taxation

Case I: |
o, sy (thr —

1— B+ SO Uy - sp(L ) . (22)

1 —scou, B —1H(1 —s.0uy)

AN (e — 1 (1 —
1(# ) M;( B) >0, 23)
1 —scopy 1 —scopy
ScO [y )\(N—n - 1) ! 2Sb

1 2 : s.0 A — . 24
( +ﬁ)|: +1—scauyi|>l—scauy |:€U 1+,3(1—t’) 24

Case 1I: The two strict inequalities opposite to (23) and (24) hold.

B. Consumption taxation

Case I: . X
c X )\' =
1= gy PAF DOy | Aol =1 (25)
A3 A3
AAE (G — 1 -
‘(M. )+ My ( ' B -0, 26)
A3 A3
1+ 1)50m,] Aoy — 1
(1+8) [2+ AC +ZC)S ‘”‘-‘] > "(‘j\c V1B + 19954 — 2ws,]. 27)
2 2

Case II: The two strict inequalities opposite to (26) and (27) hold.

Here A\ =w+ L — T Af=0w+ L ,and AS = B[1+ t¢(1 —

o)+ opuylsy — Bsc(1+ 1)1,
Proof. See Appendix A. [ ]

SO (1+1’ s’

Income taxes. Proposition 1.A suggests that in the presence of government
debt (i.e., s, > 0), indeterminacy is a serious problem when a balanced budget
policy is financed using income taxation. To see this, first consider the case where
the monetary authority adopts a strict future-inflation-targeting policy, whereby
the interest-rate feedback rule (21) reacts only to future inflation (i.e., u, = 0).!!
For all parameter values employed in the numerical analysis A’ > 0, and Case II
of Proposition 1.A never applies. Hence, for determinacy, condition (23) requires
that the Taylor principle is satisfied (i.e., 4, > 1), and conditions (22) and (24)
simplify to

_ _
Mn<1+wzr], (28)
)\Sb
e <1+ 2015 =1T,. (29)
A [sCoAl, + %]
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FIGURE 1. Income taxes: Regions of (in)determinacy under a strict future-inflation-targeting
policy.

The numerical analysis suggests that for s, > 0, I'j} < I';, so that I'} given in
(28) is the empirically relevant upper bound on the inflation response coefficient
. By inspection, this upper bound is independent of o, and it is straightforward
to verify that I'; is increasing in the degree of price stickiness dI';/dy > 0
and decreasing in both the debt level dI'; /ds;, < 0 and the steady state tax rate
a1 /81! < 0. The numerical analysis finds that even with only a small degree
of s, the upper bound I'; is of a magnitude to be likely to bind. For example,
using the baseline parameter values and setting s, = 0.1, the intervals of inflation
response coefficients that induce determinacy are 1 < u, < 1.923 for t/ = 0.2,
1 < puy < 1.807 for r/ = 0.3, and 1 < p, < 1.692 for v/ = 0.4. This is in
stark contrast to when government debt is absent from the model (i.e., s, = 0),
where the upper bound I'; no longer applies, and the upper bound I'; given in (29)
binds only for unrealistically high values of 1. For instance, under the baseline
parameter values, the intervals of inflation response coefficients that now induce
determinacy are 1 < u, < 40.43 for 1=02,1< U < 46.06 for 7/ = 0.3, and
1 < puy < 53.57for ! =0.4.

Figure 1 gives a graphical representation of these results using two alternative
values of the steady state income tax rate T/ = 0.2, 0.4. The top half of Fig-
ure 1 graphs the (in)determinacy regions for combinations of u, and s, setting
Y = 0.75. The bottom half of Figure 1 graphs the (in)determinacy regions for
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FIGURE 2. Income taxes: Regions of (in)determinacy under a flexible future-inflation-
targeting policy (z/ = 0.3): 5, = 1.0 (- - -), 2.0 (- - -), 3.0 (—).

combinations of u, and ¥, setting s, = 2.0.!2 For alternative combinations of
!, ¥, and s;, the upper bound I'; on w, changes only modestly, so that the
determinacy region always remains extremely narrow.

Figure 2 illustrates the determinacy implications if the interest-rate feedback
rule (21), in addition to reacting to future inflation, also reacts to future output
(i.e., uy > 0). Figure 2 depicts the areas of (in)determinacy for combinations of
M and p, setting 7! = 0.3 for three alternative debt levels, s, = 1.0, 2.0, 3.0 and
four alternative values of the degree of price stickiness, ¥ = 0.3, 0.5, 0.75, 0.85.
By inspection, the effectiveness of a flexible future-inflation-targeting policy in
inducing determinacy crucially depends on the magnitude of y: the lower is 1,
the less effective is such a monetary policy in preventing indeterminacy.'?

Consumption taxes. For the consumption tax system, Proposition 1.B outlines
the conditions for determinacy under a forward-looking interest-rate rule. First note
that A{ > O for all parameter values used in the numerical analysis. As before, let
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FIGURE 3. Consumption taxes: Regions of (in)determinacy under a flexible-future-inflation
targeting policy (s, = 2.0).

us first consider the case where the interest-rate feedback rule reacts only to future
inflation (i.e., iy = 0). Then it is straightforward to verify that A§ > 0 V7€ under
the baseline parameterization. Consequently, conditions (25) and (26) are always
satisfied under the Taylor principle, and condition (27) simplifies to'*

261+ ) n )
B+ ) —wsy(1+ )]

Ur <1+

which by inspection is independent of the steady state tax rate 7¢. The numerical
analysis suggests that the upper bound I'; given in (30) has little practical signifi-
cance. For example, under the baseline parameterization, the interval of inflation
response coefficients that induce determinacy is 1 < u, < 34.71 with s, = 0.1.
Because '3 is increasing in s, determinacy is therefore easily attainable for any
debt level.

Figure 3 illustrates the determinacy implications if the interest-rate feedback
rule also reacts to future output (i.e., u, > 0).!> Figure 3 illustrates the areas
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of (in)determinacy for combinations of 1, and u, for four alternative values of
the degree of price stickiness, ¥ = 0.3,0.5,0.75, 0.85, setting s, = 2.0.16 By
inspection, regardless of the values of v and j., the Taylor principle easily ensures
equilibrium determinacy under consumption taxation.

To get some intuition behind these results, first suppose that the government
raises revenue using income taxation. With p, > 1 and u, = 0, an increase
in inflationary expectations 1 7,1 can be validated through the public finance
channel of monetary policy. Under a balanced budget fiscal policy, an increase in
the real interest rate raises future government debt repayments and future taxation
from (19). Because taxes are distortionary, higher future income taxes 1 ?t’ 41
increase future marginal cost, which via the next-period AS equation (18) results
in a self-fulfilling increase in 4 ;.. The higher the steady state tax rate 7/, the
higher the government debt—output ratio s;, and the lower the degree of price stick-
iness 1, the more severe the indeterminacy problem becomes. The key difference
under consumption taxation is that the public finance channel now also directly
affects aggregate demand. By inspection of (17), higher future-consumption taxes
1t 7, shift consumption toward the present, thereby reducing future output. Con-
sequently, the aggregate supply effects of higher future inflation can now be offset
by the reduction in future inflation generated via lower future aggregate demand.
Therefore, under forward-looking interest-rate rules, consumption taxation helps
to prevent the emergence of self-fulfilling inflationary expectations.

3.2. Contemporaneous-Looking Interest-Rate Rules

How sensitive are the previous results to the specification of the monetary policy
rule? Here we consider the determinacy implications of the two tax systems when
the interest-rate feedback rule reacts to both current inflation and output. Appendix
B proves the following.

PROPOSITION 2. If the monetary authority follows a contemporaneous-
looking interest-rate rule, the necessary and sufficient conditions for local equi-
librium determinacy are as follows:

A. Income taxation
Case I:
wy (1= B) + AN (1 — 1) > 0, 3D
(14 B) (2 + scopty) + Alptn — 1) [scaAl. + L] >0, (32
B —1h)
ldi| >3 or alal —abal +a} —1>0. 33)

Case II: The two strict inequalities opposite to (31) and (32) hold.

B. Consumption taxation

Case I: i
m(=B) | MAfr — 1)

0, 34
A A > (34)
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(l+ﬁ)[ 7h (i sl,.>]>”’(“”\+l)[ 290 —sl,Ai'],

B +1°) A5 B+ 19
(35)
la5| >3 or aga;—aga; +aj —1>0. (36)
Case II: The two strict inequalities opposite to (34) and (35) hold.
- 1 — —
'HereAlza)—i—sr—o—l T/,AL w+ - —(1+r)s andAg_l—lﬂrand
a;,i =l,c;j=0,1,2, are given in Appendlx B.

Proof. See Appendix B. [ ]

Income taxes. In contrast to Section 3.1, Proposition 2.A suggests that under
a contemporaneous-looking feedback rule, indeterminacy is no longer a serious
problem when the balanced budget rule is financed using income taxation. For
example, under a strict contemporaneous-inflation-targeting policy, conditions
(31) and (32) are satisfied for any u, > 1.!7 Thus, the Taylor principle is con-
sistent with determinacy, provided one of the conditions given in (33) holds.
The numerical analysis finds that there are many values of s, > O that induce
determinacy. Employing the baseline parameterization, Figure 4 illustrates the
(in)determinacy regions using two alternative values for the steady state income
tax rate ! = 0.2, 0.4. The top half of Figure 4 graphs the (in)determinacy regions
for combinations of w, and sy, setting ¥ = 0.75, where by inspection, indetermi-
nacy only arises under T/ = 0.4 and for particular combinations of j,, and s;,. The
bottom half of Figure 4 graphs the (in)determinacy regions for combinations of
wr and ¥, setting s, = 2.0. By inspection, a sufficient degree of price stickiness
is required to induce indeterminacy, which decreases as the steady state tax rate
is increased. For example, if 7! = 0.4, then indeterminacy is eliminated under the
Taylor principle with ¢ < 0.737.

Figure 5 illustrates the determinacy implications if the interest-rate feedback
rule also responds to current output. For alternative combinations of u, and
My, Figure 5 depicts the (in)determinacy regions using four alternative values
for the degree of price stickiness, ¥ = 0.3,0.5,0.75, 0.85, setting t =04
and s, = 3.0. By inspection, the indeterminacy problem that arises under the
Taylor principle with relatively high degrees of price stickiness can easily be
ameliorated if the interest-rate feedback rule reacts sufficiently strongly to current
output.18

Consumption taxes. For the consumption tax system, we first illustrate
Proposition 2.B using the baseline parameter values under a strict
contemporaneous-inflation-targeting policy. Figure 6 shows the regions of de-
terminacy, indeterminacy, and explosiveness under this monetary policy. If the
equilibrium is explosive, no perfect foresight equilibrium exists (locally). The
numerical analysis suggests that under the baseline parameterization the determi-
nacy conditions are independent of the steady state tax rate t¢. The top half of
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FIGURE 4. Income taxes: Regions of (in)determinacy under a strict contemporaneous-
inflation-targeting policy.

Figure 6 graphs the (in)determinacy regions for combinations of w, and s, setting
¥ = 0.75, where by inspection, the Taylor principle guarantees determinacy for
all values of s;. The bottom half of Figure 6 graphs the (in)determinacy regions
for combinations of u, and ¥, setting s, = 3.0. By inspection, a sufficient
degree of price stickiness is required to induce determinacy. Otherwise, when
prices are sufficiently flexible, ¥ < 0.32, condition (35) cannot be satisfied,
thereby making Case II of Proposition 2.B relevant for determinacy. In this case,
the Taylor principle results in a locally explosive equilibrium and determinacy
is only possible under a passive monetary policy (i.e., 4, < 1). By inspec-
tion of Proposition 2.B, it is possible to see why assigning a positive weight
to output in the interest-rate feedback rule cannot help the Taylor principle to
induce determinacy. Noting that A5 > O under the baseline parameterization,
condition (35) is less likely to be satisfied with p, > 0. When (35) cannot be
satisfied, Case II of Proposition 2.B becomes the relevant case for determinacy.
Rearranging the Case II equivalent to (34) yields the following upper bound
on fLy:

_ ,uy(l -B)

=T 1, 37
A ‘= 37)

pr <1
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FIGURE 5. Income taxes: Regions of (in)determinacy under a flexible contemporaneous-
inflation-targeting policy (t! = 0.4; 5, = 3.0).

where I'y is decreasing in u,. Consequently, regardless of the magnitude of the
steady state consumption tax rate, determinacy can only occur under a passive
monetary policy in this case.

Figure 7 illustrates the regions of determinacy, indeterminacy, and explosive-
ness for alternative combinations of w, and s, using four different values of
the output response coefficient, u, = 0.5, 1.0, 2.0, 3.0, setting ¥ = 0.75." By
inspection, for empirically plausible values of s, the equilibrium is rendered
explosive under a flexible contemporaneous-inflation-targeting policy: the more
aggressive the monetary authority is in its setting of 1, the larger is the interval of
sp that generates explosiveness under the Taylor principle. Figure 8 illustrates the
regions of determinacy, indeterminacy, and explosiveness for alternative combi-
nations of 1, and u, using four different values of the degree of price stickiness,
Y =0.3,0.5,0.75, 0.85, setting s, = 3.0. By inspection of Figure 8, the interval
of output response coefficients that induce determinacy under the Taylor principle
is small for all values of v: as prices become more flexible, the interval of wu,
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FIGURE 6. Consumption taxes: Regions of (in)determinacy under a strict contemporaneous-
inflation-targeting policy.

that supports determinacy with p, > 1 becomes smaller. In summary, Figures
7 and 8 highlight a key danger of blindly following the Taylor principle under
consumption taxation when the interest-rate feedback rule is contemporaneous-
looking. With consumption taxation, it is critical for determinacy that the mon-
etary authority does not respond to output, to avoid rendering the equilibrium
explosive.

What is the intuition behind these results? Recall that for forward-looking
interest-rate rules, indeterminacy arose under income taxation via the public fi-
nance channel of monetary policy. However, under current-looking interest-rate
rules, indeterminacy depends on the effect of the public finance channel, relative
to the aggregate demand channel of monetary policy. Under the Taylor principle,
an increase in inflationary expectations, 1 7;,, increases current inflation 1 7,
and the real interest rate. Under a balanced budget policy, from (19) the increase
in the real interest rate raises the debt repayments of the government, result-
ing in an increase in income taxation, marginal cost, and from the AS equation
(18), upward pressure on 1 7,. However, the increase in the real interest rate
also reduces aggregate demand via (17), which reduces marginal cost, exerting
downward pressure on | 7,. Therefore, the initial inflationary expectations are
self-fulfilling only if the public finance channel, brought about by the need for
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FIGURE 7. Consumption taxes: Determinacy regions under a flexible contemporaneous-
inflation-targeting policy (¢ = 0.75).

higher tax revenues, outweighs the aggregate demand channel of monetary policy.
Consequently, indeterminacy is less likely to arise under a strict contemporaneous-
inflation-targeting policy. Indeed, indeterminacy can easily be ameliorated un-
der income taxation if the interest-rate feedback rule also responds to current
output, because this increases the aggregate demand response to interest-rate
changes.

A key difference between the two tax systems is that locally explosive equilib-
rium can emerge under consumption taxation. Recall that with consumption taxes
the public finance channel also directly affects aggregate demand from the AD
equation (17). Consequently, higher real interest rates not only exert downward
pressure on inflation via the aggregate demand channel of monetary policy, but also
such decreases in inflation can be reinforced under a balanced budget policy with
the need for higher consumption taxes, further reducing output, and thus inflation
can diverge away from the steady state. Responding to current output exacerbates
this problem under the Taylor principle, in which case a passive monetary policy
is required to induce determinacy.
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FIGURE 8. Consumption taxes: Determinacy regions under a flexible contemporaneous-
inflation-targeting policy (s, = 3.0).

4. EXTENSIONS

This section investigates the robustness of the results presented in Section 3 in
two important directions. Section 4.1 first considers the determinacy implications
of income taxation when the taxation of bond interest income is also permitted,
whereas Section 4.2 introduces capital and investment spending into the analysis.
In addition, Section 4.3 discusses some of the policy implications of the results.

4.1. Taxing Bond Interest Income

So far we have ignored bond interest income as a source of tax revenue for the
government. However, as originally shown by Edge and Rudd (2007), this can
have important implications for determinacy. We now assume that the interest
income received from maturing bonds is taxed at the same rate, 7/, as the agent’s
total labor and profit income, w;L; + v,. Hence, the individual and government
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period budget constraints are now given by

1043

B+ 1+ TtC)PtCt < [1 + 1 - ftl)(Rz—l - 1)] B+ P(1 - Tt]) (weLy + ),

PG = PtfCi+ Pt/Y, + ¢/ (R — DBy + B, — R, 1By

(38)

Consequently, the future labor income tax rate 7/ 141 Ow enters into the consump-

tion Euler equation:

Uce (Ct)
ue (Crqr)

P(1+1f)

=p[R — 7 (R — )] ——L—.
PLR )]Pz+.(1+r;+1>

(39)

The other features of the model remain unchanged from the baseline model of

Section 2. Appendix C proves the following.

PROPOSITION 3. Ifbond interest income is also subject to taxation, the neces-
sary and sufficient conditions for local equilibrium determinacy under a forward-

looking interest-rate rule are as follows:

Case I:

pe m(l—ﬂr’H“;‘?ﬁ’[ secoB(1 — 1)) ]
A B — 1) +55(1 — B)

>)~ﬂ|: (1= pepin — 1 ]
BU—t)+s(-p ]

AL = BT, —1] {A, t! [ sp(1—B) “

AL 21— | BA =) +s,(1—B)

+U4=P [uy( _peh+ i)f ] -0,

A
(1= B) (1-p
(1+ﬂ){2[1 B )]+ |:,u‘(1—,3 )+ - ]}
A =BT, —1]
A

. 2 sespo (1 — B) v )
X |:5c01\2+,3(1—1") B —1t)+s,(1—pB) (l_tl '

Case II: The two strict inequalities opposite to (41) and (42) hold.

Here Al = a)—i—L—ﬂ—T’ and A} =
2 B Sco BU—th)+s,(1-B) 3 -

secorp(-1') [/Ly(l — gty + <11—ﬁ>r’]

BU—=t)+s,(1—B) -

Proof. See Appendix C.
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To see the determinacy implications of taxing bond interest income, first con-
sider the case of a strict future-inflation-targeting policy. For all parameter values
employed in the numerical analysis Ag > 0, and Case II of Proposition 3 never
applies. Hence, for determinacy, conditions (40)—(42) simplify to

max {0, T}'} < i <min {TP, T3}, (43)
where
ppi_ 1 (A =pBosctt A1 = BIBU =T + (1= B)]
D=t as,(1— BT Asp(1 — BTl ’
B = 1 1+ B)(1 - B)scot!
=Bt 5 = — ) [scaxl + ﬁ(ff_brl)]
N 2(1 + B)AL [ N sp(1 — ,31)} ’
A1 = pr) [so X! + 52| L AU =)
F?l _ 1 _ (1-p)*!

1=t A1 —=hH(A = BThHXY

The numerical analysis suggests that X' = Al2 - (11—2,) % > 0, and
for s, > 0, ' < I'BI. When the empirical relevant upper bound I'P! is compared
with I'; of the baseline model given in (28), the numerical analysis suggests that
I'y < I'Bl. However, although taxing bond interest income increases the upper
bound on ., the numerical analysis suggests that the lower bound F?I > 1.
For example, Figure 9 illustrates the (in)determinacy regions for two alternative
values of the steady state income tax rate, 7! = 0.2,0.4. Panels (i) and (ii) of
Figure 9 depict the (in)determinacy regions for combinations of , and s;, setting
¥ = 0.75, whereas panels (iii) and (iv) depict the regions for combinations of (i,
and v, setting s, = 2.0. By inspection of Figure 9, taxing bond interest income
increases both the lower and upper bounds on the inflation response coefficient,
the net effect of which is an expansion of the determinacy region relative to the
baseline results illustrated in Figure 1. However, indeterminacy continues to be
a serious problem under income taxation, as the determinacy region still remains
narrow.

We now briefly consider the determinacy implications if the interest-rate
feedback rule also reacts to future output. Figure 10 illustrates the areas of
(in)determinacy for combinations of i, and w,, setting ! = 0.3 for alter-
native debt levels s, = 1.0,2.0,3.0 and degrees of price stickiness ¢ =
0.3, 0.5, 0.75, 0.85. When Figure 10 is compared with the baseline results given
in Figure 2, the lower and upper bounds on u,; are relatively larger for each value
of p, when bond interest income is taxed. However, despite these differences,
the qualitative conclusions remain unchanged: the lower v is, the less effective
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FIGURE 9. Bond interest income taxes: Regions of (in)determinacy under a strict future-
inflation-targeting policy.

is such a monetary policy in alleviating the indeterminacy problem under income
taxation.

To understand these results, consider the linearized version of the Euler equation
(39) after using ?, = sca:

c 1
~ =~ ~ S.0T scot (1 —B)
Y, = Y1 —sco [(1 = BTHR — Tt |+ T30 (T —?,C)Jr?/ffﬂ-
(44)

There are two differences between (44) and its baseline version (17). First, the
future income tax rate 7,,, enters into the Euler equation (44). Consequently,
adjustments in the income tax rate now have direct implications for aggregate
demand. Recall that indeterminacy arises under distortionary taxation via the
public finance channel of monetary policy. In order for the government to balance
its budget, increases in the real interest rate result in higher taxes, which exert up-
ward pressure on real marginal cost and inflation. By taxing bond interest income,
this increases the upper bound on p,, because higher income taxes now reduce
aggregate demand, helping to partially offset the increase in inflation. However,
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FIGURE 10. Bond interest income taxes: Regions of (in)determinacy under a flexible future-
inflation-targeting policy (t/ = 0.3): s, = 1.0 (- - -), 2.0 (- - -), 3.0 (—).

as highlighted by the numerical analysis and in stark contrast to consumption
taxation, this aggregate demand effect is found to be small under income taxation.
Second, in the baseline version of the income tax model, it is the nominal interest
rate adjusted for inflation that influences aggregate demand (17), whereas by also
taxing bond interest income (44), it is the inflation-adjusted after-rax nominal
interest rate: (1 — B! )1/3\, — T;41. Therefore, the lower bound on the inflation
response coefficient needs to be greater than the Taylor principle prescribes for
increases in the after-tax nominal interest rate to result in increases in the real
interest rate.

For completeness, Figure 11 illustrates the areas of (in)determinacy under a
flexible contemporaneous inflation-targeting policy for alternative degrees of price
stickiness ¥ = 0.3, 0.5, 0.75, 0.85, setting 7/ = 0.4 and s, = 3.0. Comparing
Figure 11 against the baseline results given in Figure 5 shows a reduction in the
determinacy region in the presence of bond interest income taxation, because as
discussed earlier, to prevent indeterminacy the lower bound on p, is required to be
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FIGURE 11. Bond interest income taxes: Regions of (in)determinacy under a flexible
contemporaneous-inflation-targeting policy (z' = 0.4; 5, = 3.0).

larger than in the baseline model. Furthermore, the aggregate demand effect now
present with bond interest income taxation increases the additional indeterminacy
region that arises under ¢y = 0.75, 0.85. However, unlike the case of consumption
taxation, locally explosive equilibrium does not emerge under income taxation.

In summary, the preceding analysis suggests that although taxing bond interest
income has interesting implications for the determinacy conditions under income
taxation, the general conclusions of Section 3 remain unaffected.

4.2. Introducing Capital and Investment Spending

We now introduce capital into the baseline model by assuming an economy-
wide rental market for the capital stock. The changes are briefly outlined in the

following.

Firms. To produce output, intermediate firms hire labor L and rent capital K
from the representative household, given the real wage rate w, and the rental cost
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of capital rr;. A firm of type i now has the following production technology:
YD) = Ko (D) L)), (45)

where the input share is 0 < « < 1. Given competitive prices of labor and capital,
cost minimization yields

T
rr, = me; (i)a |:K,(i):| (46)
o ()"
w, =me,(i)(1 — ) [L,(i):| . a7

The price-setting problem of intermediate firms remains unchanged.

Households. The representative household owns the capital stock K and
makes all investment decisions / according to the following law of motion:

Kipyi =0 =-8)K + 1, (48)

where 0 < § < 1 is the depreciation rate of capital. The household period budget
constraint (2) is now given by

B, +(1+ T,C)Ptct + Pl < R_ B+ P, K, + P,(1 — T,I) (w:L; +9) .

Consequently, there is an additional first-order condition for optimal household

investment:
U.C) (470

U(Crs1)  (+75,

Noting that with capital, real income is Y; = rr; K, + w;L; + v, the government
period budget constraint (12) can be expressed as

Bl + (1 —9)]. (49)

P[G - Pt‘E[CCt—i-P[TZZ (Y[ _rrth)+B[ _Rtleifl' (50)
Finally, the market clearing condition (15) now becomes

The complete linearized model is given by the following equations:

ot¢

@+1 -0 (R\r - J?z-s-l) + T+ 70 (‘?,CH —?,C) = @, (52)
+ 7
-~ ot’ ~c =
Ciy1 + 1+ 2¢ ( t+1 _Tt)
=C +o[l— B0 =8 [fe + (1 —a) (Lipi — Kiar)]. (53)
7'Ez = ,Bﬁr+l + )"Iﬁta (54)
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c 1
nTc,:(w+a)L,+o—'c,—aK,+< ’ >%7‘+<T—>?,’, (55)

1+ t¢ 1—¢!
K1 = (1= 8K, + 81, (56)
?t = al?t +d - a)zt = Scat + 517; (87)
i ~ - tls PPN
s (B +C)+T G +7) - IB—(;[I — B =81 (F +me, +7,)
Sp ~
=2 (Rz—] - T[t) ) (58)
B
R = a7t + 1, Y5, (59)

where 0 < s; < 11isthe steady state output share of investment. Equation (59) only
considers a contemporaneous specification for the monetary policy rule, because
itis well established that determinacy is almost impossible under forward-looking
interest-rate rules.?”

The linearized model (52)—(59) can be reduced to a five-dimensional system:
Z,.1 = AZ,, where Z, = [rch,, Z,, 1?,, 1?, R\,,]]/. Because there are two prede-
termined variables, K, ; and I/i‘\,, 1, determinacy requires that three eigenvalues lie
outside the unit circle and two eigenvalues lie inside the unit circle. As analyt-
ical results are not possible, a numerical investigation is carried out. Following
Kurozumi and Van Zandweghe (2008), we set the cost share of capital « = 0.33,
the depreciation rate of capital § = 0.025, and the steady state output share of
investment s; = 0.3. For the remaining parameters, we use the parameterization
given in Table 1.

To see the determinacy implications of allowing for capital and investment
spending, first consider the case of a strict contemporaneous-inflation-targeting
policy. Using the preceding parameterization, the numerical analysis suggests
that the determinacy conditions are independent of the steady state tax rate €.
Figures 12 and 13 illustrate the areas of (in)determinacy for combinations of the
inflation response coefficient u, and the degree of price stickiness ¥ using two
alternative values of the steady state income tax rate ! = 0.2, 0.4. Figure 12
graphs the (in)determinacy regions setting s, = 2.0, whereas Figure 13 graphs
the regions setting s, = 3.0. By inspection of Figures 12 and 13, indeterminacy
can only arise with capital and investment spending for high degrees of price
stickiness. For both tax systems, indeterminacy is greater the lower sy, is, and for
income taxation, indeterminacy is greater the lower the steady state tax rate is.
But the numerical analysis suggests that the region of indeterminacy is always
relatively larger under consumption taxation than under income taxation.

Similarly to the baseline model, indeterminacy arises under the Taylor principle
in the capital version of the model when the cost-push effects exerting upward
pressure on inflation outweigh the downward pressure on inflation due to reduc-
tions in aggregate demand caused by higher real interest rates. However, although
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FIGURE 12. Income taxes vs. consumption taxes: Regions of (in)determinacy under a strict
contemporaneous-inflation-targeting policy with capital (s, = 2).

the aggregate demand effect is stronger under consumption taxation, because
the public finance channel also directly affects aggregate demand via (52), the
numerical analysis suggests that the indeterminacy problem is less severe under
income taxation. Comparing the linearized government budget constraint under
investment (58) with its baseline version (19) reveals an additional negative term
under income taxation: _%[1 - B =] (7 + me, + f’:) < 0. From equations
(52) and (53), an increase 1n the real interest rate results in a rise in the rental cost
of capital. This decreases the capital stock and output, which increases the supply
of labor via lower consumption and leisure. Consequently, with a larger tax base,
income taxes do not need to rise as much as consumption taxes in order to balance
the budget, suggesting a relatively weaker public finance channel under income
taxation.

Finally, the numerical analysis finds that indeterminacy can easily be eliminated
under both tax systems if the interest-rate feedback rule also reacts to output, as
this magnifies the aggregate demand response to changes in the interest rate.
For example, if v = 0.85 and s, = 2.0, then indeterminacy is eliminated if
y ~ 0.032 for ! = 0.2 and ty =~ 0.03 for 7¢ > 0. Because the aggregate
demand channel is stronger under consumption taxation, the monetary authority
can target output slightly less aggressively to prevent indeterminacy.
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FIGURE 13. Income taxes vs. consumption taxes: Regions of (in)determinacy under a strict
contemporaneous-inflation-targeting policy with capital (s, = 3).

4.3. Policy Implications

To highlight some of the policy implications of the preceding results, a coun-
terfactual exercise is now performed for the Euro Area, which as discussed in
the Introduction is currently contemplating further tax reform in the direction
of indirect taxation. Specifically, we consider the determinacy consequences of a
revenue-neutral switch from income taxes to consumption taxes for four variations
in the underlying model environment: the baseline model under both a forward-
looking interest-rate rule (FLR) and a current-looking interest-rate rule (CLR), the
inclusion of bond interest income taxation under a CLR, and the modified model
with capital under a CLR.

The parameter values are chosen to broadly match several features of Euro
Area data. Following Lipifiska and von Thadden (2009), we set the steady state
income tax rate T/ = 0.3 and the steady state government debt—output ratio
sp = 2.64, consistent with the Euro Area average for the period 1996-2006.2! For
the baseline model, it then follows that G/Y = 0.273.22 For the modified model
with endogenous capital and investment, we follow Smets and Wouters (2003)
and set the steady state output share of investment s; = 0.22. It then follows that
G/Y = 0.18067 and the steady state output share of consumption s. = 0.6. These
values are consistent with the average share of investment and consumption in
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FIGURE 14. Revenue-neutral switch from income to consumption taxation: Determinacy
implications under the Taylor principle.

total Euro Area output for the period 1970-2000.2* Following Lipiriska and von
Thadden (2009), we set the degree of price stickiness ¥ = 0.85, which implies an
average price duration of 6.67 quarters. As discussed by Blattner and Margaritov
(2010), estimates of the inflation response coefficient u, and the output response
coefficient p, for the Euro Area vary considerably. Consequently, we vary the
monetary policy reaction parameters, 1 < u; < 4and 0 < u, < 1, to cover
a number of estimates for the Euro Area. The remaining parameter values are
unchanged from Table 1.

Figure 14 summarizes the results from this experiment. For the baseline model
under a FLR, the top left-hand panel of Figure 14 shows that for particular com-
binations of w, and p, there are potential determinacy gains from switching to
consumption taxation. Although similar gains also arise under a CLR, as shown by
the top right-hand panel of Figure 14, there are now dangers associated with the tax
reform, because (1, > 0.46 results in explosiveness under consumption taxation.
If bond interest income is also taxed, then there is an additional determinacy gain
with consumption taxes, because the inflation response coefficient must be greater
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than one under income taxation. However, as shown by the bottom left-hand panel
of Figure 14, the reduced area of determinacy under consumption taxation remain
sizable. Finally, for the capital version of the model, the bottom right-hand panel
of Figure 14 indicates that the tax reform would increase the area of indeterminacy
under a strict inflation-targeting policy. In summary, the exercise for the Euro Area
suggests that at least in terms of macroeconomic stability, switching from income
to consumption taxation could have potentially harmful repercussions.

5. CONCLUSIONS

This paper has examined how financing a balanced budget fiscal policy using
different tax systems can alter the conditions for determinacy under a variety of
popular interest-rate feedback rules. The analysis has shown that indeterminacy
can arise under both consumption and income taxation; its severity can depend on
the magnitude of the steady state tax rate, the steady state government—debt output
ratio, and the degree of price rigidity. However, importantly, our analysis reveals
that the determinacy criteria are not equivalent across the two tax systems. From a
policy perspective, the findings from this paper suggest that future shifts away from
income taxation toward consumption taxation could have nontrivial implications
for how monetary policy should best be conducted under a balanced-budget fiscal
rule in order to prevent macroeconomic instability.

NOTES

1. See, for example, Schmitt-Grohé and Uribe (1997), Guo and Harrison (2004), Giannitsarou
(2007), Linnemann (2008), and Ghilardi and Rossi (2014).

2. The Taylor principle is a policy that raises the nominal interest rate by proportionally more than
the increase in inflation.

3. See, for example, Clarida et al. (2000), Carlstrom and Fuerst (2001, 2005), Bullard and Mitra
(2002), Woodford (2003), Kurozumi (2006), Kurozumi and Van Zandweghe (2008), Surico (2008),
Duffy and Xiao (2011), Huang et al. (2011), Zubairy (2014), Rannenberg (2015), and McKnight and
Mihailov (2015).

4. Employing a New Keynesian framework, Motta and Rossi (2013) show that consumption and
income taxes are not equivalent in terms of welfare.

5. In addition to balanced-budget fiscal rules, these studies also investigate the determinacy impli-
cations of debt-targeting fiscal rules that permit short-run fiscal deficits to arise. An earlier version of
this paper additionally investigated the determinacy implications of income and consumption taxation
under debt-targeting fiscal rules. Differences in the determinacy criteria across the two tax systems
were also found to exist.

6. As discussed by Kurozumi (2010), if seignorage revenues are rebated to the representative
household, then the standard monetary economy with separable preferences is equivalent to a cashless
economy model. For analytical tractability, we follow Benhabib and Eusepi (2005) and Linnemann
(2006) and assume a cashless economy.

7. As is standard in the literature, the utility function is assumed to be separable between con-
sumption and leisure. Assuming a nonseparable utility function could have important consequences
for equilibrium determinacy, because tax-driven changes in labor supply would now also affect in-
tertemporal consumption behavior.
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8. As is standard in the literature, we initially assume that interest income received from matur-
ing bonds is not subject to taxation. The determinacy implications of relaxing this assumption are
investigated in Section 4.

9. The determinacy implications of forward-looking interest-rate rules in the absence of distor-
tionary taxation have been studied by Bullard and Mitra (2002), Evans and McGough (2005), and
Duffy and Xiao (2011), amongst others.

10. For the price dispersion variable d;, the steady state value is d = 1 and the first-order approxi-
mation is 21’\, =0.

11. This was the interest-rate feedback rule originally studied by Linnemann (2006).

12. Setting s, = 2.0 implies a yearly government debt—output ratio of 50%.

13. The sensitivity analysis shows that this result is robust to variations in 7.

14. Clearly, if (1 + w) — wsp(1 + B) < O then condition (27) is also always satisfied under the
Taylor principle.

15. The numerical analysis suggests that under the baseline parameterization the determinacy con-
ditions are once again independent of the steady state tax rate t°.

16. The sensitivity analysis shows that this result is robust to variations in s.

17. Recall that for all parameter values used in the numerical analysis A’ A > 0.

18. This conclusion is consistent with the numerical findings of Benhabib and Eusepi (2005).

19. If o = 1, it can be shown that the determinacy conditions (34) and (35) are independent of the
steady state tax rate 7. For the baseline parameter values, one of the conditions given in (36) always
holds. Consequently, Figure 7 is appropriate for ¢ = 0.05, 0.15, 0.25.

20. See, for example, Carlstrom and Fuerst (2005), Kurozumi and Van Zandweghe (2008), Huang
et al. (2009), and Duffy and Xiao (2011).

21. Setting s, = 2.64 implies a yearly steady state government debt—output ratio of 66%, which is
slightly higher than the 60% threshold in the Maastricht Treaty.

22. In the presence of bond interest income taxation we set ! = 0.2922 to keep G/Y unchanged.

23. See, for example, Smets and Wouters (2003).

REFERENCES

Benhabib, Jess and Stefano Eusepi (2005) The design of monetary and fiscal policy: A global perspec-
tive. Journal of Economic Theory 123, 40-73.

Blattner, Tobias S. and Emil Margaritov (2010) Towards a Robust Monetary Policy Rule for the Euro
Area. Working paper 1210, European Central Bank.

Bullard, James and Kaushik Mitra (2002) Learning about monetary policy rules. Journal of Monetary
Economics 49, 1105-1129.

Calvo, Guillermo A. (1983) Staggered prices in a utility maximising framework. Journal of Monetary
Economics 12, 383-398.

Carlstrom, Charles T. and Timothy S. Fuerst (2001) Timing and real indeterminacy in monetary models.
Journal of Monetary Economics 47, 285-298.

Carlstrom, Charles T. and Timothy S. Fuerst (2005) Investment and interest rate policy: A discrete
time analysis. Journal of Economic Theory 123, 4-20.

Clarida, Richard, Jordi Gali, and Mark Gertler (1999) The science of monetary policy: A New Keyne-
sian perspective. Journal of Economic Literature 37, 1661-1707.

Clarida, Richard, Jordi Gali, and Mark Gertler (2000) Monetary policy rules and macroeconomic
stability: Evidence and some theory. Quarterly Journal of Economics 115, 147-180.

Duffy, John and Wei Xiao (2011) Investment and monetary policy: Learning and determinacy of
equilibrium. Journal of Money, Credit and Banking 43, 959-992.

Edge, Rochelle M. and Jeremy B. Rudd (2007) Taxation and the Taylor principle. Journal of Monetary
Economics 54, 2554-2567.

European Commission (2008) Public Finances in EMU 2008, European Economy 4. Directorate-
General for Economic and Financial Affairs, European Commission.

https://doi.org/10.1017/51365100515000802 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100515000802

ARE CONSUMPTION TAXES PREFERABLE TO INCOME TAXES? 1055

Evans, George W. and Bruce McGough (2005) Monetary policy, indeterminacy and learning. Journal
of Economic Dynamics and Control 29, 1809-1840.

Ghilardi, Matteo F. and Raffaele Rossi (2014) Aggregate stability and balanced-budget rules. Journal
of Money, Credit and Banking 46, 1787-1809.

Giannitsarou, Chryssi (2007) Balanced budget rules and aggregate instability: The role of consumption
taxes. Economic Journal 117, 1423—-1435.

Guo, Jang-Ting and Sharon G. Harrison (2004) Balanced-budget rules and macroeconomic (in)stability.
Journal of Economic Theory 119, 357-363.

Huang, Kevin, Qinglai Meng, and Jianpo Xue (2009) Is forward-looking inflation targeting destabi-
lizing? The role of policy’s response to current ouput under endogenous investment. Journal of
Economic Dynamics and Control 33, 409-430.

Kurozumi, Takushi (2006) Determinacy and expectational stability of equilibrium in a monetary
sticky-price model with Taylor rule. Journal of Monetary Economics 53, 827-846.

Kurozumi, Takushi (2010) Distortionary taxation and interest rate policy. Journal of Macroeconomics
32,476-491.

Kurozumi, Takushi and Willem Van Zandweghe (2008) Investment, interest rate policy, and equilibrium
stability. Journal of Economic Dynamics and Control 32, 1489-1516.

Leeper, Eric M. (1991) Equilibria under “active” and “passive” monetary and fiscal policies. Journal
of Monetary Economics 27, 129-147.

Linnemann, Ludger (2006) Interest rate policy, debt, and indeterminacy with distortionary taxation.
Journal of Economic Dynamics and Control 30, 487-510.

Linnemann, Ludger (2008) Balanced budget rules and macroeconomic stability with non-separable
utility. Journal of Macroeconomics 30, 199-215.

Lipiriska, Anna and Leopold von Thadden (2009) Monetary and Fiscal Policy Aspects of Indirect Tax
Changes in a Monetary Union. Working paper 1097, European Central Bank.

McKnight, Stephen and Alexander Mihailov (2015) Do real balance effects invalidate the Taylor
principle in closed and open economies? Economica 82, 938-975.

Mendoza, Enrique G., Assaf Razin, and Linda L. Tesar (1994) Effective tax rates in macroeconomics:
Cross-country estimates of tax rates on factor incomes and consumption. Journal of Monetary
Economics 34, 297-323.

Motta, Giorgio E. and Raffaele Rossi (2013) Ramsey Monetary and Fiscal Policy: The Role of
Consumption Taxation. Working paper, Lancaster University.

OECD (2006) Macroeconomic Effects of a Shift from Direct to Indirect Taxation: A Simulation for 15
EU Member States. Note presented by the European Commission at the 72nd meeting of the OECD
Working Party No. 2 on Tax Policy Analysis and Tax Statistics.

Orphanides, Athanasios (2001) Monetary policy rules based on real-time data. American Economic
Review 91, 964-985.

Orphanides, Athanasios (2004) Monetary policy rules, macroeconomic stability, and inflation: A view
from the trenches. Journal of Money, Credit and Banking 36, 151-175.

Rannenberg, Ansgar (2015) The Taylor principle and (in-)determinacy with hiring frictions and skill
loss. Macroeconomic Dynamics 19, 1045-1073.

Schmitt-Grohé, Stephanie and Martin Uribe (1997) Balanced-budget rules, distortionary taxation and
aggregate instability. Journal of Political Economy 105, 976—1000.

Smets, Frank and Raf Wouters (2003) An estimated dynamic stochastic general equilibrium model of
the Euro Area. Journal of the European Economic Association 1, 1123-1175.

Surico, Paolo (2008) The cost channel of monetary policy and indeterminacy. Macroeconomic Dy-
namics 12, 724-735.

Taylor, John B. (1993) Discretion versus policy rules in practice. Carnegie—Rochester Series on Public
Policy 39, 195-214.

Taylor, John B. (1999) Staggered price and wage setting in macroeconomics. In John B. Taylor and
Michael Woodford (eds.), Handbook of Macroeconomics, pp. 1009-1050. Amsterdam: Elsevier
North-Holland.

https://doi.org/10.1017/51365100515000802 Published online by Cambridge University Press


https://doi.org/10.1017/S1365100515000802

1056 STEPHEN McKNIGHT

Vissing-Jorgensen, Annette (2002) Limited-asset market participation and the elasticity of intertem-
poral substitution. Journal of Political Economy 110, 825-853.

Woodford, Michael (2003) Interest Rates and Prices: Foundations of a Theory of Monetary Policy.
Princeton, NJ: Princeton University Press.

Yun, Tack (1996) Nominal price rigidity, money supply endogeneity, and business cycles. Journal of
Monetary Economics 37, 345-370.

Zubairy, Sarah (2014) Interest rate rules and equilibrium stability under deep habits. Macroeconomic
Dynamics 18, 23-40.

APPENDIX A: PROOF OF PROPOSITION 1

If monetary policy is characterized by a forward-looking interest-rate rule, then the set of
linearized equations (17)—(21) can be reduced to a two-dimensional system, Z, | = A/Z,,
where Z is the column vector of nonpredetermined endogenous variables [?, ﬁ]/ and
A’,j =1, c, is the respective coefficient matrix under income taxation or consumption

taxation:
L aseoua=D [ Al Shiy seoua=D [1 _ Aspuz=1
Al | Teomy T AUSseony [Al + 5(1—r1>] B(I=scomy) [1 B(l—<D) ]
o _a Al Shity 11 _ rspuz—n ’
] [A' + ﬂ(l—r’)] B [1 B~ ]
scopy B(141°) }»a]l"(un—l) ¢ Spity o(uz—1) _ ]]"Jzf
AC = T+ A + BAS [AI + *‘“f“*'f")] A S B
_ c HySh ﬁ ’
[ [Al + m(m(')] B
J— 1 ! o 1 ¢ _ c
whereA1=a)+S€—G—m,Al=w+&—g—m, = B[l + (1 —o0)] +

2
otaylsy — Bse(1 4+ 9], JE = sp — Bsc(1 + 7€), and J§ = 1 — % Equilibrium
determinacy requires that both eigenvalues of A’ are outside the unit circle. By Proposition
C.1. of Woodford (2003), this is the case if and only if either of the following two cases
is satisfied. Case I: detA’ > 1, 1 + detA’ —trA/ > 0, 1 + detA’ + trA’ > 0; Case IL:
1+ detA/ —trA/ <0, 1 4+ detA’ + trA’ < 0, where

1 Asp (e — 1
detAl = [1 _ Aol : )],
B —scopmy) B —1h
1 Aseo (i — 1 . 1 Asp(pr — 1
trA! = _AS o ) AII + SpL) +-ol1= sy ) ’
l—scopy, B —souy) Bl —1h) B Bl —1h)
1 1+1¢ -1
detAC — L ¢ sffruy(c+ 79 + Mwsb(u«: )’
B A3 BAS
trAg:1+l+chMyﬂ(1 +719)  Asp(pue — 1) le(unk— 1) [ ‘ Spidy ]
B AL B2s.(1+ 1) BAS Bsc(1+ 1)

For the income tax system, the three inequalities in Case I can be reduced to equations
(22)—(24), whereas under the consumption tax system the inequalities of Case I are given
by equations (25)—(27).
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APPENDIX B: PROOF OF PROPOSITION 2

If monetary policy is characterized by a contemporaneous-looking interest-rate rule, then
the set of linearized equatlons (17) (21) can be reduced to a three-dimensional system,
Z., =AZ, where Z, = [Y,, R;, R, 1] and A/, j = [, c, is the respective coefficient
matrix under income taxation or consumption taxation:

Sc@ 1o mdt _ 4 Ascosp
l I+ [)“A t seo |1 E B(—1])
A= _ lpz=scopyl 1 “¥11 Ay (g —scopy) _ Asp(pr—scopy)
Ky B A+ T Seomy + =g B2(—t)
0 1 0
KySh c7yc sco J3 ]55 _ osp osp )Jg
1+ ﬁA;M [l+r" + 505 0] S paTonge:  paveoag |1 T
A€ = MyGSb . I P G/L‘JB opuysh M,,/L,TJG ,
Ky + Fionge — 8 Is 7 + BO+TOA; — B(+10)s
0 1 0
- 1 1 — ¢ — 1 ¢ [ ot¢
whereA1=a)+XC—U— r,,J 1+ B rt>’A1=w+s,7_7<1+r‘): A =1- {0,
c _— Sp — Asp c _ _ Asp
and J; =1 = gy ’J4 =M+ 1y [1 * B, ] == 5 — Pt
c s(»(ru)»l3 ASp ¢ _ c_ sh .
Ji=1- A LIy = ﬁ 7/32(1“5)5(, and J§ = s.J; Tyt The three eigenvalues

of A/ are solutions to the cubic equation r* + a3 r* + air + a} = 0, where under income

taxation
. J! )\Allsra
a2:_1_5<0/‘\_*_ s
B B
4 = ﬁ + )xAllSCO‘/,L,T Jllscauy ASp _ ASpScO [y
B B B pr1—1) Bl -1
! ASp[Ln
ay = ————r,
pr1 — 1)
and under consumption taxation
. 1 Asp 5.0 J§ |: AA?]
a=—-1——-— - - , ,
? B BU+ts. A [T B
. 1 ASp s(ch2 Ji ASp |:,u,, opyJsy crA‘l':| O IhySp
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With one predetermined variable 1?,,1, equilibrium determinacy requires that two eigenval-
ues are outside the unit circle and one eigenvalue is inside the unit circle. By Proposition
C.2 of Woodford (2003), this is the case if and only if either of the following two cases
is satisfied: Case 1: l—i—a2 —i—al +a0 >0, -1 +a2 —aj +a0 <0, & |a2| > 3 or
aoao —a0a2 +a1 —1 > 0; Case 2: 1—{-a2 +al+al <0,—1+4a; —al +a0 > 0. For the
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income tax system, the first two inequalities in Case I can be reduced to equations (31)-
(32), whereas under the consumption tax system, these inequalities are given by equations
(34)-(35).

APPENDIX C: PROOF OF PROPOSITION 3

If the government taxes bond interest income, the linearized versions of equations (38) and
(39) can be expressed as

sp(1 — -~ ~
5.3 + 7! [1 + H]'ﬁ[ + (¢ + Y, + s,b,
Sp o~ - sp(1 = BT ~
=§@H—wo+i—g——&q, (60)
PN o 50T s.oti (1 —B)
n=nﬂ—aom—ﬂﬂ&—mﬂy%Hﬂfﬁ;—?%+—7j;£4h-mn

If monetary policy is characterized by a forward-looking interest-rate rule, then the set of
linearized equations (18), (20), (21), (60), and (61) can be reduced to a two-dimensional
system, Z,. = A'Z,, where Z is the column vector of nonpredetermined endogenous
variables [?, ﬁ]/ and Al =
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where A; = 0+ 22— Fimmmap 4 A = - 55t as [V“«"(l B+ 55 |-

Equilibrium determinacy requires that both eigenvalues of A’ are outside the unit circle. By
Proposition C.1. of Woodford (2003), this is the case if and only if either of the following
two cases is satisfied: Case I: detA’ > 1, 1 +detA’ — trA’ > 0, 1 + detA’ + trA’ > 0;
Case II: 1 + det A’ — trA’ < 0, 1 + detA' + trA! < 0, where
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The three inequalities in Case I can be reduced to equations (40)—(42).
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