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1. Introduction

During the Summer 2011, the European stock market downswing leads
policy-makers to implement rules that aim to balance government budget. This
revival of balanced-budget rules can be understood as a mean to reduce risks
of an exploding public debt but also as a signal sent to the rating agencies that
public finances are kept sane. Indeed, in countries facing a too large debt or
uncontrolled public account, long-term growth may be crowded out and bor-
rowing on financial market may be harder since rising interest rates increases
the burden of public debt. This leads therefore to unsustainable situation as in
Greece, Spain or Portugal in the recent years. In this context, the European
Union enforces the “European Fiscal Compact”.

Although an extensive literature addresses the question of fiscal rules through
its procyclical effect, a key argument has been stressed in the seminal contribu-
tion of Schmitt-Grohé and Uribe [21]. They show that in a standard one-sector
Ramsey model with a constant stream of wasteful government expenditures fi-
nanced by a distortionary tax on labor income, a balanced-budget rule may be
a source of aggregate instability. Indeed, tax rates larger than the capital share
of income and lower than the tax rate associated to the peak of the Laffer curve
involve expectation-driven fluctuations. The mechanism behind instability re-
lies on the volatility of agents’ expectations and goes as follows. An increase in
the expected tax rate implies a reduction in future employment and therefore
of capital returns. Consequently, investment decreases and households need to
work less. The tax rate being decreasing in hours worked, the governement has
to increase the tax rate to maintain the budget balanced and expectations are
therefore self-fulfilling.

Several contributions extend this framework, but provide contradictory con-
clusions. Ghilardi and Rossi [5] generalize the technology with a CES production
function assuming the same preferences as Schmitt-Grohé and Uribe [21]. They
show that instability is more likely when capital and labor are substitutes. In
constrast, Linnemann [14] keeps a Cobb-Douglas technology, but considers a
particular class of non-separable preferences and shows that instability is un-
likely. In this paper, we propose to reexamine the destabilizing effect of labor
income taxation under a more general approach and emphasize particularly the
role of preferences. Our investigation is motivated by two points. On the one
hand, the role of preferences in the occurence of indeterminacy is a cornerstone
for several contributions. For instance, Nishimura et al. [17] consider the occur-
rence of indeterminacy in a model with aggregate externalities. They show that
the conditions for the emergence of instability strongly depend on the properties



of preferences, since some particular utility functions are not compatible with
indeterminacy. On the other hand, there is a growing interest in the impact of
fiscal policies in presence of specific preferences, especially when non-separable
utility functions are assumed. The empirical investigation of Trabandt and Uh-
lig [22] examines the shapes of the Laffer curve with linearly homogeneous and
King-Plosser-Rebelo [12] (KPR) preferences. Bilbiie [2] investigates how non-
separability of preferences explains the observed increase in private consumption
in response to fiscal shocks.

We examine the interplay between preferences and technology on the exis-
tence of tax rates that generate indeterminacy. This is explored in a neocla-
ssical infinite-horizon growth model embedding most popular preferences used
by macroeconomists. We consider three classes of utility function: i) additively
separable preferences with non-unitary elasticity of intertemporal substitution
in consumption and elastic labor supply, ii) a linearly homogeneous utility func-
tion, iii) a Jaimovich-Rebelo [9] (JR) formulation where the degree of income
effect can be controlled and admits two polar cases. In absence of income ef-
fect, a Greenwood-Hercowitz-Huffman [7] (GHH) utility function is considered.
On the contrary, with a maximized degree of income effect, the preferences are
characterized by a King-Plosser-Rebelo [12] (KPR) formulation. A generalized
production function describes the technology of the firms so as to encompass the
results of Ghilardi and Rossi [5] on inputs substitution. Governement sector is
finally characterized by the same balanced-budget rule considered by Schmitt-
Grohé and Uribe [21] for which the tax rate is counter-cyclical with respect to
the tax base.

Our general investigation identifies a robust property to obtain indetermi-
nacy. Indeed, we find that indeterminacy is more likely when the preferences
exhibit Edgeworth substitutability between consumption and labor, such that a
marginal increase in labor decreases the marginal utility of consumption. This
property is always satisfied if the utility function is linearly homogeneous, but
requires a large enough degree of income effect for JR preferences. Furthermore,
with the three specifications we consider, a low enough elasticity of intertempo-
ral substitution in consumption is necessary to get indeterminacy. Under these
properties, an intermediate range of tax rates is destabilizing. The intuition
behind our results comes from the fact that intertemporal and intratemporal
effects need to be in accordance. Coming back to the intuition of Schmitt-
Grohé and Uribe described above, when households decrease their labor supply
in current period, at the same time, they must decrease their consumption since

they have less income. However, this is only compatible with a marginal util-



ity of consumption that is increasing in leisure i.e. Edgeworth substitutability
between consumption and labor.

Finally, we study the empirical robustness of the model. A calibrated version
of the model based on plausible estimates of structural parameters emphasizes
that labor income taxes under a balanced-budget rule are a potential source
of instability for most OECD countries. This concerns particularly European
countries since they experience the highest tax rates and stand within the range
of destabilizing tax rates for most of the calibrations considered.

In the next section, we present the model and derive the optimal choices of
households and firms. Section 3 is devoted to prove the existence of a normalized
steady state. In Section 4, we provide the dynamic analysis with our main
results and a discussion with the related literature, while empirical illustrations
are given in Section 5. Economic interpretations are discussed in Section 6.
Finally, Appendix presents all the proofs.

2. The model

In this section, we describe our economy with a standard neoclassical growth
model. First, we define the policy rule implemented by the government. Then,
we state how the agents choose the amount of good consumed and hours worked,
and finally, we describe the technological structure.

2.1. Government

Following Schmitt-Grohé and Uribe [21]|, we assume that the government
chooses a constant level of public spendings G, that neither affect the preferences
nor the technology. Since the budget is balanced, it is equal to the total tax
revenue {)(t) generated by a tax rate, 7(¢), applied on labor income, w(t)i(t),

with w(t) the wage rate and [(¢) the labor supplied:
G = Q) = 7(Hw(t)I(t) (1)

Equivalently, the balanced-budget rule can be written as:

m(t) = T 2)

Since public spendings are constant, the tax rate is counter-cyclical with its tax

base, i.e. a decrease in the labor income ends up in an increase in the tax rate.!

L Giannitsarou [6] considers the same type of balanced-budget rule but focuses on consump-
tion taxes.



2.2. Households’ behavior

We consider an economy populated by a large number of identical infinitely-
lived agents. We assume without loss of generality that the total population is
constant and normalized to one. At each period an agent supplies elastically
an amount of labor [ € [0,1], with [ > 1 his time endowment. He then derives
utility from consumption ¢ and leisure £ = | — [ according to the instantaneous
utility function U(c, £L/B), where B > 0 is a scaling parameter, which satisfies:

Assumption 1.U(c, L/B) is C" over Ry x(0,1) for r large enough, increasing

with respect to each argument and concave. Moreover, UUCCC % — %% # 1,
limx 0 XUx (¢, X)/Uc(c, X) = 0 and limyx 400 XUx (¢, X)/U.(c, X) = 400,
or limx_,0 XUx (¢, X)/Uc(c, X) = 400 and limx_, oo XUx (¢, X)/U(C,X) =

0.

This assumption will ensure existence of a normalized steady state. In ad-
dition to these general properties, we introduce the definition of Edgeworth
substitutability between consumption and labor:

Definition 1. If the marginal utility of consumption is increasing in leisure such
that Uer(c, £L/B) > 0, then consumption and labor are Edgeworth substitutes.

Following Definition 1, Edgeworth complementarity between consumption
and labor is obviously obtained when U,..(c, £L/B) < 0.
In our investigation, we will consider three different specifications of

preferences commonly used in the literature:

i) An additively separable utility function

Ule, (I~ £)/B) = - - : ®)
Ece €1l
where e.. is the elasticity of intertemporal substitution in consumption and
gy is the inverse of the wage elasticity of labor. Schmitt-Grohé and Uribe
[21] consider this formulation with .. = 1 and g = 4o00. Obviously, these
preferences exhibit neither Edgeworth substitutability nor complementarity
since Uecz(c, L/B) = 0.

ii) A linear homogeneous utility function U(c, L/B) characterized by the
share of consumption within total utility a(c, £/B) € (0,1) defined by:

ale, £/ B) = Seame @



while the share of leisure is given by 1 — a(c,£/B). A particular property
of these preferences is that consumption and labor are always Edgeworth
substitutes U.c(c, L/B) > 0.

ili) A Jaimovich-Rebelo [9] formulation such that

c 1+Xc'y 1-60
U(e./B) = CHEDZD Q

with 6,x > 0 and v € [0,1]. These preferences are characterized by the
parameter « that controls the degree of income effect and encompass two
standard formulations. On the one hand, in absence of income effect (y = 0),
the GHH formulation is obtained and yields a labor supply independent of
consumption. On the other hand, when the income effect is the largest (y = 1),
the utility function is a KPR formulation which is compatible with balanced
growth and stationnary hours worked. According to Definition 1, Edgeworth
substitutability between consumption and labor requires v > 6 while Edgeworth
complementarity is obtained when v < §. Linnemann [14] considers a particular
restriction of this specification assuming a KPR formulation with § > 1 that

implies Edgeworth complementarity.

Finally, all these utility functions satisfy normality of consumption and
labor. In addition, additively separable and linear homogeneous specifications
also satisfy concavity but this is not necessarily the case with JR preferences
when v # 0 (see Section 4.3 for further details).

The intertemporal maximization program of the representative agent is given
by:

+o0
max / e U (c(t), (I —1(t))/B)

UKD S
st et + K(t) + 6K () = r()K () + (1 — r(@)wi@) O
K(0) > 0 given

where r(t) is the rental rate of capital, p > 0 the discount rate, K (t) the capital
stock and § > 0 the depreciation rate of capital. Moreover, we assume in the
following that each household considers as given the tax rate 7(¢) on labor
income.

Let us introduce the Hamiltonian in current value:



H=U(c(t), [ —1(t)/B)+ AXt)|r()K({#) + (1 — 7()w#)l(t) — c(t) — 5K(t)}

with A(¢) the shadow price of capital K (¢). Considering the prices (11)-(12) and
the tax rate 7(t) as given, we derive the following first order conditions:

Ue(c(t), (I = 1(t)/B) = A(t) (7)
(1/B)Uc(e(t), (I = U(t))/B) = A(t)(1 = 7(t))w(t) (8)
At) = =A()[r(t) — p = 4] (9)
Any solution needs also to satisfy the transversality condition:
tiigrnoo e PINHK({) = 0 (10)

2.3. The production structure

Considering a competitive economy, a continuum of firms of unit size pro-
duces a single good Y using capital K and labor [. The firms’ technology is
a constant returns to scale production function Y = AF(K, 1), with A > 0 a
scaling parameter. We define the intensive stock of capital a = K/I for any

[ > 0 and the intensive production function writes Y/l = Af(a).

Assumption 2. f(a) is C" over Ry for r large enough, increasing (f'(a) > 0)
and concave (f"(a) < 0).

From the profit maximisation of a firm, we obtain the wage rate w(t) and

the rental rate of capital r(t) as:

r(t) = Af'(a(®)) (11)
wt) = Alf(a(t) —a(t)f (a(t))] (12)
We also compute the share of capital in total income:
s(a) = 2 € (0,1) (13)
and the elasticity of capital-labor substitution:
o(a) = —U=slDl(@) g (14)

Assumption 3. Capital and labor are sufficiently strong substitutes, such that
o(a) > s(a).

This last assumption implies that labor income is increasing with the quan-
tity of hours worked. Extending the analysis of Schmitt-Grohé and Uribe [21]
who assume a Cobb-Douglas production function, Ghilardi and Rossi [5] also
study the impact of substitutability between capital and labor on the range
of destabilizing tax rates. However, we generalize both previous contributions
they assume a logarithmic utility for consumption and an infinitely elastic labor
within additively-separable preferences.



2.4. Intertemporal equilibrium
In order to derive the intertemporal equilibrium, let

_ ~ _ G
T=7(K ) = gmmmonm

and substitute 7(K,l) and the wage rate (12) in the first order conditions (7)
and (8). Given K and ), the system obtained can be solved to express the
consumption demand and labor supply functions ¢(K (¢), A(t)) and [(K (t), A(t)).
Plugging the latter in the expression of the tax rate, one obtains:
F(E (), I(K (1), A1) = T(K (1), A(t)) (15)
Using (11)-(12), we get the equilibrium values for the rental rate of capital
r(t) and the wage rate w(t) with a(t) = K(¢)/1(K(t), A\(t)):
r(t) = Af'(a(t)) = r(K(t), A(t))
w(t) = Alf(a(t)) —a(t)f(a(t))] = w(K(t), A(t))

Substituting the expressions obtained for prices, tax rate, consumption de-

(16)

mand and labor supply in the equation of capital accumulation (6) and in the
Euler equation (9), we obtain the following system of differential equations in
K and X

K(t) = r(K (), NE)E () + (1= 7(K(£), A()w(K (), A (t), A1)
— 0K (t) — c¢(K(t), A(t)) (17)
A(t) = =\(t) [r(E(t),\(t) — p— ]
An intertemporal equilibrium is a path {K (), A(¢)}+>0, with K(0) > 0, that

satisfies equations (17) and the transversality condition (10).

) (
) )

3. Normalized steady state

A steady state is a 4-tuple (a*,1*, c¢*, 7), with a* = K*/I*, satisfying:

5+p = Af'(a”) (18)
¢ =1 [(Af'(@") = d)a" + (1 - 7")A(f(a") — a” f'(a"))[19)
UL(C*,(i—l*)/B) _ * * * pl[ %k
BUC(C*,(Z—Z*)/B) - (1_T )A[f(a’ )_a f(a )] (20)
G
T = (21)

Alf(a*) — a* f'(a*)]l*
We use the scaling parameters A > 0 and B > 0 to ensure the existence of

a normalized steady state (NSS), a* = 1 and [* = 1, which remains invariant
with respect to preferences and technological parameters.



Proposition 1. Let Assumptions 1-2 hold. Then there ezist unique values A*
and B* such that when A = A* and B = B*, (a*,1*) = (1,1) is a NSS.

Proof: See Appendix 8.1.
]

Remark: Using a continuity argument, we conclude from Proposition 1 that
there exists an intertemporal equilibrium for any initial capital stock K(0) in
the neighborhood of K*.

Let us introduce the following elasticities:

_ U8 __Ug(e,L)
Ece = Uec(c, L)’ Ele = Urze(c,L)c’ (22)
_ Uc(e,L) _ Uc(eL)
Cd = Uec(e, Dy Sl = Uz (c,L)l
Normality of consumption and leisure states that EL — % > 0and al” - % >0

and holds for any preferences we consider. Concavity of preferences implies
ELEL — L L > 0. This property is satisfied for both additive separable and
cc €11 €cl €lc
linear homogeneous preferences. However, JR formulation requires further re-
strictions to satisfy concavity. Since we are interested in the local dynamics,
Lemma 2 in Section 4.3 provides additionnal restrictions to ensure concavity
in the neighboorhood of the steady state. Moreover, according to Definition 1,
note that when % and - are negative (positive), consumption and labor are
cl €lc

Edgeworth substitutes (complements).

Finally, in the rest of the paper, we evaluate all the shares and elastici-
ties previously defined at the NSS. From (4), (13) and (14), we denote indeed
a(c*,(I—1)/B*) = a, s(1) = s and ¢(1) = 0.

4. Instability with balanced-budget rules and labor income taxes

This section investigates the properties of preferences that enhance the like-
lihood of indeterminacy when a general technology is considered. In Appendix
8.2, we linearize the dynamic system in the neighborhood of the NSS and com-
pute the trace and the determinant of the associated Jacobian matrix. As
the dynamic system (17) has one predetermined and one forward variable, in-
determinacy requires a negative trace and a positive determinant. From the
expression of the trace given in Appendix 8.2, we can directly derive a neces-
sary condition for the existence of indeterminacy whatever the specification of

preferences:



Lemma 1. Let Assumptions 1-8 hold. A necessary condition for local indeter-
minacy of the NSS is T > T, with:

[ Ecc €11 Ecl €lc
= 11 11 (23)
Lt eee(zrar ~ zaan)
Proof: See Appendiz 8.2
Given that the term - — -1 L measures the degree of concavity of the

Ecc €11 €cl €lc
utility function, we conclude that stronger degrees of concavity imply that in-

determinacy requires higher tax rates on labor income. Lemma 1 therefore
underlines the importance of preferences for the destabilizing impact of labor
income taxes. Besides, a weak factor substitutability increases the lower bound
on tax rate. This last point holds for any given specification of preferences and
is particularly discussed in Ghilardi and Rossi [5] who consider the restricted
case of additively-separable preferences with logarithmic utility function of con-
sumption and infinitely elastic labor. Their related condition is 7 > 2 while, in
Schmitt-Grohé and Uribe’s [21] framework with a Cobb-Douglas technology, it

becomes T > s.

4.1. Additively separable preferences

We first focus on a generalized version of Schmitt-Grohé and Uribe [21]
with an additively separable utility function. More precisely, we do not restrict
the elasticity of intertemporal substitution in consumption or the elasticity of
capital-labor substitution to be unitary (i.e. .., 0 # 1). Furthermore, labor
supply is assumed to be elastic such that % € (0,+00). Note that this class

of preferences is characterized by Eicl = i = 0 meaning that consumption and

labor are neither Edgeworth substitutes nor complements. From Lemma 1, we
. ++

derive T = sii — and a first result follows:

el

Proposition 2. Under Assumptions 1-3, let U(c, L/B) be given by (3) and
S0 L
T= /1;;5” . There exist p € (0,400], Ecc > 0 and T € (7,1) such that the NSS
€1l

is locally indeterminate if and only if p € (0,p), €cc < Ecec and T € (T,7).

Proof: See Appendiz 8.3.

This proposition highlights the existence of an interval of tax rates that leads
to indeterminacy. On the one hand, the lower bound of this interval depends on
the capital share of income s, the capital-labor elasticity of substitution o and
the inverse of the wage elasticity of labor El” It is straightforward to prove that



T is increasing in . As a consequence, infinitely elastic labor (i.e.. = = 0),
€11l €l

as considered in Schmitt-Grohé and Uribe [21] and Ghilardi and Rossi [5], is
the less restrictive case since 7 = 2. To ensure that 7 < 7, the elasticity of
intertemporal substitution in consumption has to be low enough. Namely, ..

has to be lower than &.. with:

() rna-n-u
(BE) o=+

It is worth pointing out that this upper bound is decreasing with % More
L =

precisely, when -

0, &.c is the largest. This argument reinforces the conclu-
sion of Schmitt-Grohé and Uribe [21] that within additively-separable preferen-

ces, instability is more likely when the labor supply is infinitely-elastic.

4.2. Linear homogeneous preferences

A linear homogeneous specification is characterized by % s% < 0 such that

consumption and labor are always Edgeworth substitutes. Moreover, notice

that Eic % - a—llé = 0 and we obtain therefore from (23) £ = Z. Looking for
conditions ensuring the existence of a continuum of equilibrium paths around

the steady state, we obtain the next proposition:

Proposition 3. Under Assumptions 1-3, let U(c, L/B) be linear homogeneous
and 7 = 2. There exist p € (0,+00], T € (7,1) and &.. > 0 such that the NSS
is locally indeterminate if and only if p € (0,p), €cc < Ecec and T € (T,7).

Proof: See Appendix 8.4.

As in Proposition 2, we show that the equilibrium is locally indeterminate
for tax rates within a bounded interval. The lower bound on tax rates increases
with the capital share of income and decreases with the elasticity of capital-
labor substitution. Note that in order to have 7 < 7, we impose a low enough
elasticity of intertemporal substitution in consumption such that .. < &..
This condition is equivalent to the one obtained in the additively separable
case. Nevertheless, it is not restrictive because &.. tends to +oo when the
share of consumption in total utility o tends to unity. Finally, the restriction
on the elasticity of intertemporal substitution in consumption has important
implications on the wage elasticity of labor. Indeed, combining equations (35)
and (37) in Appendix 8.4, one shows that a sufficiently low e.. implies a low
enough wage elasticity of labor ¢;; such that ;; < &; with:

10



_ 11—« +0)(1—s8)+sp|+a(l—= +38)(1—s
LI (24)

This conclusion contrasts therefore with Schmitt-Grohé and Uribe [21] and
Ghilardi and Rossi [5] that assume additively-separable preferences but also
with Linnemann [14], that considers a particular KPR utility function. All
these contributions require a large enough wage elasticity of labor to obtain
indeterminacy.

4.8. Jaimovich-Rebelo preferences

With JR preferences, we can control the degree of the income effect through
the parameter v € [0,1]. It is worth stressing that these preferences exhibits
Edgeworth substitutability between consumption and labor if v > 6 and Edge-
worth complementarity when v < 6.

In order to ensure concavity in the neighborhood of the NSS, we add the
following restriction:

Lemma 2. Let U(c, L/B) be given by (5) and Assumption 1 holds. A necessary
and sufficient condition to obtain concavity in the neighborhood of the NSS is
0 > 0(t,~,x) with:
YC(T)(y +x) 1+ x — (1 —=v)C(r
o) — 2D+ 1)+ x = (1= 1)C(r)

(1+x)2[x +7C(r) (2 — L))

Proof: See Appendiz 8.5.

Contrary to the previous cases, it is not possible to derive from (23) an
explicit expression of 7 since it is implicitly given by 7 = h(zr) with:

s 000’ [xtre(r) (2- C2C@) ] ye(r) (v ) [1+x—(1-7)C(7)]

hr) = < 010" (1) x—(T—7C()]
01+ [x1C(r) (2= 9282 ) | e (1) (140 [LHx—(1=7)C(7)]

BT x)? 7 (1—7)C(ITHx—(1-7)C(7)]

1+

As shown in Appendix 8.6, there exists a unique 7 € (0, 1) such that Lemma 1
holds. We get then the next proposition:

Proposition 4. Under Assumptions 1-3, let U(c, L/B) be given by (5). There
is a critical value v € (0,1) for which for any given v € (v,1], there exist
p € (0,+00], 0 € (0, +x], o € (s,4+00), T € (0,1) and 7 € (1,1) such that the
NSS is locally indeterminate if and only if p € (0,p), 0 € (0,0), 0 > ¢ and
T € (1,7).

11



Proof: See Appendiz 8.6.

This proposition, jointly with Propositions 2 and 3, highlights the robustness
of the existence of an intermediate range of destabilizing tax rates. Moreover,
a direct outcome of Proposition 4 is that indeterminacy is more likely when
consumption and labor are Edgeworth substitutes. Indeed, we can show (see
Appendix 8.5) that ~ is always larger than 6. As a result, Proposition 4
implies Edgeworth substitutability or weak complementarity. More precisely,
local indeterminacy is ruled out with a GHH specification characterized by the
absence of income effect (7 = 0) and a strong Edgeworth complementarity.
On the contrary, with KPR preferences (y = 1), consumption and labor are
obviously Edgeworth substitutes if 6 < 1. In this case, the existence of a
range of destabilizing tax rates is ensured. Otherwise, when consumption and
labor become weak Edgeworth complements, indeterminacy may still hold
but requires higher tax rates. This conclusion explains therefore the result of
Linnemann [14] about the lack of plausibility of indeterminacy since he assumes
8 > 1, i.e. a strong Edgeworth complementarity between consumption and
labor.

We have highlighted the role of preferences on the emergence of indetermi-
nacy in a Ramsey model with a balanced-budget rule financed by a labor income
tax. We find that Edgeworth substitutability between consumption and labor
and a low elasticity of intertemporal substitution in consumption are crucial for
the existence of a range of destabilizing tax rates. Next section is devoted to

compare our conclusions to the related literature.

4.4. Comparison with the related literature

Schmitt-Grohé [20] and Schmitt-Grohé and Uribe [21] claim that there is a
close correspondence between indeterminacy in models with productive exter-
nalities and models with balanced-budget. We argue that this equivalence is not
a general property when one assumes non additively separable preferences. The
contribution of Nishimura et al. [17] considers the occurrence of indeterminacy
in a model with small aggregate externalities. They also find that indeterminacy
requires an increasing marginal utility of consumption with respect to leisure,
ie. Uqr(e, L) > 0. According to Definition 1, this implies that consumption
and labor are Edgeworth substitutes. Nevertheless, additively separable and
linear homogeneous preferences display indeterminacy provided that the elas-

ticity of intertemporal substitution in consumption is sufficiently large. Since in
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the case of labor income tax we require a low enough elasticity of intertemporal
substitution in consumption to obtain indeterminacy, the close correspondence
discussed by Schmitt-Grohé [21] does not hold.

The literature on balanced-budget rules has also focused on the destabilizing
role of consumption taxes. Assuming an additive separable utility function, Gi-
annitsarou [6] show that consumption tax has stabilizing effect since saddle-path
stability is always ensured, contrarily to Schmitt-Grohé and Uribe [21] with a la-
bor income tax. However, Nourry et al. [18] discuss this conclusion considering
non-separable preferences with varying income effect. They find that in pres-
ence of an intermediate or a low degree of income effect, consumption taxes lead
to instability. In other words, in contrast to labor income tax, the key element
for a destabilizing consumption tax is Edgeworth complementarity between con-
sumption and labor. It follows that even though consumption and labor income
taxes introduce similar distortions in the consumption-leisure trade-off, they
require opposite properties of preferences in order to be destabilizing.

In the next section, we investigate the numerical properties of our results in
order to discuss their empirical plausibility.

5. Empirical illustration

To give better insights of our results, we proceed to a numerical exercise.
We first divide countries between four groups according to the range of their
tax rates on labor income. The classification is based on the contribution of
Trabandt and Uhlig [22] that computes the effective tax rates up to 2008 using
the methodology of Mendoza et al. [15]. The four groups of countries are given
in Table 1.

T € (0.25,0.30) Japan (0.27), U.S. (0.28), U.K. (0.28), Ireland (0.27)

7 € (0.30,0.40) Portugal (0.31), Spain (0.36)

7 € (0.40,0.50) Belgium (0.49), Denmark (0.47), EU-14 (0.41), France (0.46),
Germany (0.41), Italy (0.47), Netherland (0.44),

7 € (0.50,0.60) Austria (0.50), Sweden (0.56)

Table 1: Estimated labor income tax rates

We need now to fix the values of the structural parameters. On the basis of
quarterly data, we consider the benchmark values (p,d,s) = (0.01,0.025,0.3).
According to the empirical literature, there is no clear agreement on the size of

the elasticity of capital-labor substitution. Nevertheless, the higher estimates of
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this elasticity stand in the interval (1.24, 3.24) as shown in Duffy and Papageor-
giou [4] and Karagiannis et al. [10]. There is also no consensus on the elasticity
of intertemporal substitution in consumption. Several contributions provides
the range (0.2,0.8) (see Campbell [3] and Kocherlakota [13]), while Mulligan
[16] and more recently Vissing-Jorgensen and Attanasio [23] show evidences for
higher estimates with an interval (2,3). Finally, many contributions consider
that labor is infinitely elastic. However, Rogerson and Wallenius [19] investi-
gate aggregate participation in the labor market at the macro level and find an
interval of the wage elasticity of labor that stands between 2.25 and 3.

From the discussion above, we focus on the following intervals for e.. €
[0.66,2], ey € [2.5,+00]. We also assume o € [0.8,1.4]. This interval allows to
consider the estimates given by the empirical literature but also extend to the
case of complementarity between inputs since the conclusions of the literature
2

are still uncertain.® We first calibrate an additively-separable utility function

characterized by .. = 0.67 and ¢;; € (2.85, +00).

o =08 o=14
en=+oo  (0.38,0.87) (0.21,0.87)
en=2.86  (0.54,0.74) (0.42,0.74)

Table 2: Range of destabilizing tax rates (r,7) with additively-separable preferences

Table 2 reports the intervals of destabilizing tax rates in the additively-
separable case. We observe that the lower bound 7 is between 0.21 and 0.54
while the upper bound 7 is higher than 0.74. According to Table 1, this stresses
the plausibility of our results. Indeed, except when ¢ = 0.8 and ¢; = 2.86,
most countries in Europe are destabilized. This concerns particularly Sweden,
Austria, Belgium, Denmark, Italy and France. Moreover, the whole sample of
countries stands inside the range of destabilizing tax rates when labor supply
is infinitely elastic and the substitutability between capital and labor is strong
enough.

When the utility function is homogeneous linear, we calibrate the parameters
€ece = 0.66, @ = 0.65 and .. = 2, @ = 0.51 in order to match an interval of

ey € (2.5,2.9) given the admissible values of 7 in Table 1.
As shown in Table 3, the homogeneous linear formulation displays an even

better outline. The interval of T becomes in this case [0.21,0.38] and 7 is inside

2Note that we assume a high enough elasticity of capital-labor substitution such that
o > (1 — s) which implies that capital income is increasing with respect to capital.

14



0.8 o—14
£ec=0.66, a=0.65 (0.38,0.97) (0.21,0.97)
ee=2, =051  (0.38,0.81) (0.21,0.81)

Table 3: Range of destabilizing tax rates (r,7) with homogeneous linear preferences

the interval (0.81,0.97). Consequently, all countries with tax rates above 0.40
in Table 1 are now in the range of the destabilizing tax rates.

Finally, with the JR formulation, considering that the tax rates stands be-
tween (0.27,0.57) in Table 1, § = 0.5 and x = 0 match ¢; € (2.3,2.5). Figure 1
shows the lower and the upper bound on 7 as a function of the degree of income

effect .
6=08,6=05,X=0 0=1.4,8=05, x =0
1 T T 1 T T
0.8r : 0.8r
Determinacy // Determinacy
0.6- =T Iﬂdeterminacy 0.6F . ]
= - -~ - _ _ Indeterminacy
04 ol R
instabilit -7 A
02l Yy Determinacy 1 02F total _— Determinacy R
i ility
0 . . . . 0 . . . .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
y Y

Figure 1: Destabilizing tax rates in the case with Jaimovich-Rebelo preferences. Dash lines:

T, solid lines: 7

Under our calibration, Figure 1 shows that the minimum level of v is in the
interval [0.51,0.63]. Moreover, Table 4 reports the interval of 4 for countries
considered in Table 1 taking their tax rates as given.

7 €(0.6,0.75]  Austria, Belgium, Denmark, France, Italy, Sweden

7 € (0.8,0.97] Germany, EU-14, Netherlands
7 € (0.90,0.94] Portugal, Spain
7 € (0.95,0.96] Japan, U.S., UK., Ireland

Table 4: Instability with Jaimovich-Rebelo preferences

This shows that a large range of values of v covers indeterminate tax rates.
Furthermore, the intervals given in Table 4 fits the upper estimates of Kahn and
Tsoukalas [11]. Using Bayesian estimations, they report a distribution of v with
mean 0.81 and a 10-90 percentiles interval of [0.69,0.95]. Our numerical exercise

illustrates therefore that most OECD countries may experience instability for
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plausible values of structural parameters.

6. Economic intuition

To understand the economic mechanisms, let us assume that agents expect a
larger future tax rate. Following (8) and (11), future labor supply decreases and
yields a lower interest rate that reduces income in future period. Consequently,
investment decreases and since they need to work less, households decrease
their labor supply in current period. The decrease in the tax base forces the
governement to adjust the budget by increasing tax rates such that volatility in
agent’s expectations are self-fulfilling. Nevertheless one question remains: why
indeterminacy occurs under some class of preferences while it is ruled out with
others 7 A crucial point to understand our results comes from the fact that
the cross-elasticity ;. needs to be negative or weakly positive, i.e. consumption
and labor need to be Edgeworth substitutes or weak Edgeworth complements.
In our interpretation, the decrease in interest rate involves A > 0 since r <
6 + p. Indeterminacy is obtained if it is associated with a decrease of labor
supply in current period that is larger than the decrease of labor supply in the
next period.® Because they have less income in present period, they must also
decrease their current consumption. Self-fulfilling expectations implies therefore
% > 0 and % > 0. Since capital is predetermined, we have % = —g% Taking
then the derivative of equation (8) with respect to time, indeterminacy occurs
if the following equality is satisfied:

S I e 2
(O'+E”)l Elc C A ( 5)

Because (= + a—il

) is positive, this equation is satisfied if i is negative or positive
but sufficiently low such that the first term on the left-hand side dominates the
second one. It is straightforward to show it is always the case for an additively
separable and a linear homogeneous preferences since i = 0 in the former and
i < 0 in the latter.

In the case of Jaimovich-Rebelo preferences, the sign of i is ambiguous and
depends on the size of 7, ~:
1 (0= +x)+71=7)C(r)

P B g e (26)

3This allows to construct a stable dynamic path that explains indeterminacy.
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with C'(7) < 0.

The denominator in equation (26) being positive, the sign of i is given
by the numerator. Consider first that v > 6. Since C’'(7) < 0, the numerator
of (26) is negative for a large enough 7. Consequently, JR preferences display
Edgeworth substitutability and equation (25) is always satisfied. In contrast,
when v < 6, the numerator is positive and consumption and labor are therefore
Edgeworth complement. It follows that the intertemporal mechanisms described
in equation (25) is less likely to be satisfied and therefore requires much higher

tax rates to obtain self-fulfilling expectations.

7. Concluding comments

This paper contributes to the debate dealing with the (de-)stabilizing prop-
erties of balanced-budget rules financed by a labor income tax. More partic-
ularly, we emphasize the mechanisms in preferences leading to indeterminacy.
Focusing on three commonly used utility functions, we prove that Edgeworth
substitutability between consumption and labor increases the likelihood of a
destabilizing labor income tax. When the elasticity of intertemporal substitu-
tion in consumption is sufficiently low, an intermediate range of tax rates is
destabilizing. Finally, a numerical exercise supports our findings according to
the empirical evidence underlying the plausibility of balanced-budget rule as a

source of instability in most OECD countries.

8. Appendix

8.1. Proof of Proposition 1

To establish the existence of a normalized steady state (a*,l*,c*,7*) =
(1,1,¢*,7*), we have to prove the existence and uniqueness of solutions A*

and B* satisfying:

54 p=AF(1) (27)

T = & (28)
A*[f(1) = f/(1)]

= 1=-m)AfQ) - I+ A ()= (29

U[j(C, (Z_ 1)/3*) — * * /
B =5~ (L TOAT - ) (30)
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From equation (27), we derive that A* = ;’,L(f) which gives, once substituted

in equations (28) and (29), a unique 7* and ¢* rewritten as:

. s(H)@G
(p+0)(1—s(1))
e 8(1)P+(1—T)(f)+5)(1—8(1))

Considering A*, 7 and ¢*, we get the following equation from (30):

p — Uc(e,(=1)/B) _ (A=7*)(p+6)(1=5(1))
9(B) = Bli(c,(zll)/B) = ps(l) (31)

Existence of a unique value B* satisfying equation (31) requires that the
marginal rate of substitution §(B) does not have a derivative equal to zero
and satisfies appropriate boundaries conditions. Since under Assumption
1, limp 0 g(B) = 0 and limp_ 40 §(B) = 400, or limpg_og(B) = 400
and limp_, 4. g(B) = 0, the existence of B* is guaranteed. Moreover, as
Bg'(B)/g(B) # 0, uniqueness of B* also follows.

L]
8.2. Proof of Lemma 1

To provide an analysis of local stability, we linearize (17) around the NSS.
We then derive the characteristic polynomial by considering the elasticities eval-
uated at the NSS. We need first to derive a relationship between the cross-
elasticities, e, and g;.. Using (22) and the first order conditions (7) and (8),
we get ¢ = %616. Using the expression of w at the NSS given in (16)
together with (13) and (18) we find wL = K(1 — s)(d + p)/s. Since at NSS,
¢ =l[pa+ (1 —7)w], it follows:

1—7)(0+p)(1—s8)+s
e = ST Lt (32)

Differentiating 7(K (t), A(t)) as given by (15), one obtains the elasticities of
the tax rate with respect to K and A:

e _drK _ _(=m)s__ [oAcetos]
Tk T dK T o  (1—-7)olAecct+T7(s—0)

£ —dar A _ _ (A-7)(o—s)ece I
TA T AT T (1-7)oAecc+1(s—0) \ €ce Ele

Using (22), the Implicit Function Theorem gives the partial derivatives of
the functions c¢(K(t), A(t)) and I(K(t), A(t)) evaluated at the NSS:

de _ __c 5 _ Terk de _ _ ¢ e O
dK = KAe, \ o 1-7 ) dX T AA|ey 1—7/¢€q o
A1 (s _rew) o4l 1 [ _remyl 1
dK = KAeee \ o 1—7 ) d\x — AA 1—7/¢ece €le
with A = - (l + i) — —L—. From these results and (16) we also derive at
Ece \ €Ul o €cl€lc
the NSS:

18



ﬁ—_Ml_L(i_T&_ﬂc) dr o r(los) () _zemay 1 L
dK — Ko Agee \ o 1—7 Y dN T Mo 1—7/ €ce Ele

d_wfﬂl_L(z_Ts_ﬂe) d_wf_ﬂ(l_fs_m)i_L
dK = Ko Agce \ o 1—71 ’ dx Ao 1—7/ €ee Ele

Linearizing the system (17) around the NSS, using (32) and the above results,

gives:

; ) 1-s s s TES —T (5 TES

k= p- (420-0) TEfk+;[1—ﬁw(;—ﬁ)”—i?c(;—%)}
. (177)(175)(5+p)(§ _ ‘rs_Tk)

sAeq; o 1-71

; 1—7)(1—s)(0+p)K s TEL TEr

e e e e e RNl (S = e
T e L R IUEE =SEs)

d\ Ao+p)(1—s s TEL

PR

\ S+ 1—s TEL

4 - - [0 -3

After tedious computations and straightforward simplifications, using (32), the
expressions of €., -, as given above, we get the following characteristic poly-

nomial:
PA) =X -TA+D=0 (33)
with
_ (p+9)(1—9)T
T=p- m-fs—(lff)crscc[%%f%i]
and
D (p+6)(1—s)ece {[(1*7)(P+5)(1*S)+SP] [(177)(56 7$+$7$)—r} +T(177)(p+5)(175)($,$)]
so [UT—S—(1—7)0806[$ %—% i ]

where T and D are respectively the trace and the determinant of the associated
Jacobian matrix. Local indeterminacy requires 7 < 0 and D > 0. A necessary

condition to have a negative trace is 7 > 7 with:

s 1 1 1 1
s teeeloma —aga)

T+ ee(L — L1

Ecc €11 €cl €le

T =

8.3. Proof of Proposition 2
In the case of additively separable preferences, the expression of the trace

is: 7(p+0)(1 - s)
T=r- ~ —mox

€

oT — 8

Following Lemma 1, we derive directly the lower bound on 7:

|)—‘

+
_|_

ale
(U]

U (34)

€

T =

|~

—_
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Moreover, in order to ensure a negative trace, we also need the following ex-
pression to be satisfied:

1-7)o

plor —s—( )= (p+d)(1—8)T>0

€u

This leads to an upper bound on p such that:

§(1—s)T . e (=m)o _
—s— 01 o (p18)(1—s)7) if or—s cu (p+0)(1—-s)7)>0

€1l

i) pe(0,+00) ,otherwise

) p<p=—

Considering the determinant, we get the following expression:

D= os c(j-tps)fl(:‘jz')v) P(T)
1l
where 1 1
P(r) = [sp+ 3+ p)(1 = 5)| (— + =)

Ecc, €l
”ﬂw+w+mu—mgi+£ﬂ+ﬁi%%;ﬂ

+sp+ (6 +p)(1 - s)} + 72 (1 —=s)(p+08)(1+ Ei”)

The denominator of D is positive when 7 > 7. Consequently, the sign of the

determinant is given by the sign of P(7). The latter function is positive when

7 = 0 while negative when 7 = 1. Since P(7) is strictly decreasing in 7 € (0, 1),

there exists therefore a unique 7 € (0,1) such that P(r) > 0 when 7 < 7. The
condition T € (z,7) implies therefore a positive determinant.

Finally, we need to ensure that 7 < 7. This is the case if and only if P(r)

evaluated at 7 is positive. After some simplifications, we derive:

P = () o+ 0 0o+ ol

- 2 |(8E) wraa-9 )0

el

which is satisfied if and only if .. < &, with:

(11+f> [(p+6) (1 —s)+sp]

€l

Ece = . K:ef) (p+9) (1—S)+s/’]

€l
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8.4. Proof of Proposition 3

Note that with linear homogeneity, all the preferences elasticities are written

as function of .. such that

— (1=a) — (1—a) A=7)(8+p)(A=s)+s
€lce = —€ccm » Ec = TEecm 4 (1_.,-)(1p_s)(p+5) p7
1—a)?[(1—=7)(p+6)(1—8)+s
cu = e Lo

(35)

1 1

Ecctll €lc€ecl

Since linear homogeneity yields = 0, the lower bound on tax

rate is given from (23) by:
: = r=2 (36)

o
Under this condition, we conclude that 7 < 0 when:

i) p<ﬁ:% if oT—s—(1—8)7>0
i) pe(0,+00) otherwise

Considering D and using the expressions in (35), the determinant is written:

_ 1-n)(6+p)(-s)
D= (l—a)sa(po"r—s) P(T)

with

P(r) = [(p+0)(1—5)+sp|+ 251 —71)(p+)(1—5)
T[(A=7)(p+8) (1=5)+spl(1—a)eee

(1-7)

Moreover, we derive:

o =) -

or 1—a( [(L=7)*(p+8)(1—s)+sp] <O

The polynomial P(7) is positive when 7 = 0 and negative when 7 = 1. Since
P(7) is monotonically decreasing in 7, there exists therefore a unique solution
€ (0,1) such that P(r) > 0 if 7 < 7. Since the denominator is positive when
7 > 7, the determinant is positive if and only if 7 € (7, 7).
Finally, the condition 7 < 7 has to be ensured. Substituting 7 = 2 into
P(7), the interval (r,7) is non-empty if and only if P(z) > 0, i.e. e is low
enough such that:

<z _ (85 tspt(1=s/7) (15 1=5) 5]
€ee S Eee = T—a)2[(1—5/0)(p10)(1—5)F 5]

(37)

O]
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8.5. Proof of Lemma 2

In the case of Jaimovich-Rebelo preferences, the elasticities in (22) write:

w/Bttx o w/Byttx w/B)ttx
1 _ i it ¢ (1—7) —1ix ¢ 1 g ix ¢ +
e VT —amix o, 7 T wex 0 g -V —weix , TX
T ¢ YT ¢ T ¢
(38)
/Byt tx /Byt tx @/B)t+x
1 T ¢ s el A v I R/ B € . v ~
1/B)1+x 1/B)1+x ) - 1/B)I+x 9
€t c—ny & /1+)x o o ( /1+)x - €le e /1+)x o

Using these expressions and the relationship between ¢, and ;. at NSS
given by equation (32), one derives:

U/B)'"X H-1

X ¢ __(A=np+)0=s)
11—y U1 (1=7)(p+0)(1 = 5)+sp

Let C(7) = (1(71;)85:’(;3295_)?@ and solve the previous equation such that:

(I/B)** . C(r)(1+x)

1+ 1+ x+1C(7)
Then, the following expressions holds:
ey WB X v 14+x WRIT e e
e WBITX o T Ix—(1-7)C(7)7  _ WBIFX ™ T+x—(1-7)C(7)
I+x T+x

The elasticities rewrite therefore:

1 1+ C(r) 1 (A+x)C(7)

Ece 1+X—(1—Xv)—C(T) —v(1 =) T+x' eu 91+X—(1—7)C(‘F) X (39)
1 14+x _ 1 _c

P vy § g Tl = S N

According to this, local concavity of the utility function is ensured when % >0

and 51 EL - L1 >0 Straighforward computations show that these two
ce €11 Ecl €lc

inequalities are satisfied if and only if:

(M) +x)A+x - (1 —9)C(7))
1—~)C(T

(1+x)2[x +7C(r) (2 — L@

Finally, note that Edgeworth substitutability holds if v > (7, ~,x). This

inequality is satisfied when v = 0 and v = 1. It follows that it will be satisfied
for any v € (0,1) if 1 > (7, v, x) with :

C(r)(y+x)A +x— (1 —7)C(7))
(1+x)2[x +7C(r) (2 — U@
Straightforward computations show that é(r, ~,x) € (0,1) for any v € (0,1).
]

0>0(r,7,x) = (40)

0(r, 7, x) =
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8.6. Proof of Proposition 4

Using the general expressions for the Trace and the Determinant, we obtain
with JR preferences:

T—p- (p+0)(1—s)7

1
or—s—(1—T)oece m P
and

(p+8) (1—8)eee [ 2A=DMX_O=0CO (1 5) (1—8) 48] +[(1-7) (p48) (1= 8) +5pl [y (1—7)C(T)+x—T(14X)]]

D:
Yy E——
with
[ 11 LL} 0014202 [xve() (2- 88D | o) (v [L4x— (1-)C ()]
Feeleecm T Rame] T 6077 (- C (X —(1—7)C()]

Considering v = 0 (GHH case), the trace and the determinant are given by:
T(p+)(1—23)
=p-— 41
T=r ot —s—(1—7)ox (41)

0+ p)(1 = s)ece[(1 = T)(p+ (A — 5) + 5p]

b= oslor —s—o(l —1)x]

[x = 7(1+x)] (42)

From (41), a necessary condition to obtain a negative trace is that the tax
rate is sufficiently large such that 7 > 70 with:
0_ o tX
RN

In equation (42), the condition 7 > 7° implies a positive denominator. The

sign of the determinant is therefore determined by the second factor of (42), i.e
x — 7(1 + x). This expression is positive if and only if 7 < 7° with:

-0 X

T = —

1+x

which is lower than 7°. Since 7° < 70, it is not possible to obtain simultaneously
a negative trace and a positive determinant. Indeterminacy is therefore ruled
out.

When we consider v = 1 (KPR case), the trace and the determinant become:

T = p et00s)r

ocG(T)
and
(ptd)(1—s)ece
D =" am - P(1)
with

G =7— %= (1=~ (1=7)C()2 - })
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and P(r) = [(1=7)(p+8)(1 — ) + sp][x — (1 + )]

+(1 =7 (p+0) (1 =)+ (1 = 7)(p+)(1 —5) + 5p]
Indeterminacy is obtained if and only if both G(7) and P(7) are positive.
In order to impose G(7) >0, one can use Lemma 1. Yet, a lower bound 7*
as given in (23) is not anymore explicit but is implicitly given by 7! = h(r!)
with:
_ P x+(2-g)C)
S l+x+(2-5)C(r)

h(7) (43)

One derives that h(0) > 0 while h(1) = f:;‘ < 1. There exists therefore

7! € (0,1) such that G(7) > 0 if and only if 7>7'. Moreover, because of the
polynomial form of G(7), 7! is unique.

Considering the expression of the trace, we directly observe that when p
tends to zero, the trace is negative if 7 > 7!. There exists therefore p' > 0 such
that 7 < 0 if and only if 7 > 7! and p € (0, p%).

For the determinant, P(7) is positive when 7 = 0 and negative when 7 = 1.
Since P(7) is strictly decreasing in 7 € (0,1), there exists therefore a unique
71 € (0,1) such that P(7)>0 if and only if 7 < 7!. The determinant is therefore
positive if and only if 7 € (z1,71).

The condition 7! < 7! has still to be fulfilled and is satisfied if and only if
P(r') > 0. First, note that substituting equation § = 8" = (7,1, ) in (43),
one derives:

When P(7) is evaluated at 7 = 2, one obtains:

P(3) =[0=2)p+0)1—s) +spllx — 21 +x)]+ (1= 3)*(p+ )1 —s)
+(1=Dp+0)(1 =) + sp]
On the one hand, if c=s, we get P(Z) = —sp < 0. On the other hand, when
o tends to +o00, P(£) is positive. There exist therefore o' € (s,+00) such that
1 < 71 if and only if § = ' and ¢ > ¢*
exists therefore ' € (9', +o0] and ¢! € (s, +00) such that 7! < 7! if and only
if 9 € [0',0") and 0 > .

Given that indeterminacy occurs when v = 1, 7 € (z1,7), 6 € [8*,6"), p €

. By a continuity argument, there

(0,p') and o>g' but is ruled out when y = 0, there exists therefore v € (0,1)
such that for any v € (v,1], there exists 7 € (0,1), 7 € (z,1), p € (0,+00],
6 € (8,+oc] and g € (s,+00) such that the NSS is locally indeterminate if and

only if 7 € (1,7), 8 € [0,0), p € (0,p) and o>0.
]
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