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1 Introduction

This paper studies optimal government spending and tax policies in an economy with

frictional unemployment. We assume that the government produces public goods that

yield utility to private households, and �nances its spending by means of a proportional

tax on labor income. Unemployment exists because hiring is costly (as in Blanchard and

Gali, 2010), such that �rms willing to expand their employment have to expend resources

that depend on the aggregate tightness of the labor market. Wages are determined through

Nash bargaining. Due to the existence of hiring costs, there are generally non-zero pro�ts

even though �rms are competitive and production takes place under constant returns to

scale. The government solves a Ramsey problem by choosing sequences of labor tax rates

and spending levels that lead to the equilibrium allocation yielding the highest level of

welfare.

We analyze in how far the existence of labor frictions matters for optimal �scal policies

with respect to both government spending and labor taxation. We are particularly inter-

ested in the optimal relation between public and private consumption. Previous papers

have analyzed optimal taxation problems in economies with unemployment for exoge-

nously given government expenditures (see Domeij, 2005, or Arseneau and Chugh, 2009).

Further, the joint determination of government spending and taxes has been analyzed by

Lansing (1997), but in the context of a standard real business cycle model where labor

markets are frictionless. Our paper merges these strands of the literature in that we con-

sider public spending as an instrument of the government that can be used along with

distortionary taxation in a setting with frictional unemployment.

Our central results can best be understood in relation to a benchmark case where

there are no labor market frictions in the sense that there are no hiring costs and the real

wage is competitively determined as the marginal rate of substitution between leisure and

consumption (i.e. the benchmark case is a real business cycle model with distortionary

labor income taxation). In this case, the optimal �scal policy would be to choose gov-

ernment spending to equalize the marginal utilities of public and private consumption.

With logarithmic utility, the optimal steady state ratio of goverment spending to private

consumption is constant, and labor taxation �nances this level of expenditures and initial

debt. When labor market frictions do exist, however, the steady state ratio of public to

private consumption is higher than under optimal policy, and increases with the size of

hiring costs and thus of unemployment. At the same time, labor taxes are higher than

in the benchmark case. This is �rst shown analytically for a simpli�ed version of the

model where we abstract from capital accumulation, and then con�rmed numerically for

a calibrated version with physical capital.

We show that this result emerges because hiring costs lead to the existence of pro�ts

in equilibrium, whereas government spending and labor taxes in the steady state would
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be set at the benchmark levels if there were no pro�ts. Pro�ts exist under positive hiring

costs, however, since at any point in time the non-separated part of the previous period�s

employment level is given, which reduces the amount of costly hires that �rms need to

undertake. To the extent that labor relations last longer than a period, �rms thus enjoy

economic rents. The government has an incentive to tax these rents. Given that there

is no pro�t tax, labor taxes therefore are higher with labor frictions, and the government

partly compensates households for the implied loss in private consumption possibilities by

choosing a relatively higher value of utility providing government spending.

Numerically, we �nd that for plausibly calibrated model versions intended to capture

average labor market features of continental European countries in a stylized way, the

departure of optimal �scal policies from the benchmark case in the steady state appears

to be quantitatively small. The reason is that the size of labor market frictions depends

on the steady state share of the resource costs of hiring in total output, which �following

Blanchard and Gali (2010) �are assumed to be about one percent of yearly output. We

also present sensitivity analyses to assess the robustness of the results. As it turns out,

the departure of the optimal public to private spending ratio and the tax rate from the

benchmark case is robustly small (this is also true for di¤erent values of workers�bargaining

power in wage determination). Thus, the welfare loss from applying policies that would

be optimal in the benchmark case to an economy with quantitatively moderate hiring cost

frictions appears to be close to negligible.

We further examine the responses under optimal �scal policy to macroeconomic shocks.

A positive technology shock leads to procyclical reactions of employment, government

spending, private consumption, and investment, as well as of the ratio of government

spending to consumption. However, these responses are quantitatively much smaller in an

economy with hiring costs than in the benchmark model, since optimal policy takes the

costliness of labor reallocations into account. At the same time, the tax rate response is

more pronounced under hiring costs due to the strongly procyclical behavior of pro�ts.

In addition, we consider the case where the tax rate cannot be changed in the short run

but is held constant (which we view as a sensible restriction when discussing optimal policy

at business cycle frequencies). The government then increases its spending notably less in

response to a positive technology shock, letting the ratio of public to private consumption

decline under positive hiring costs (whereas it would stay constant in the benchmark

case). This muted response of government spending is consistent with limited (costly)

labor reallocations and thus reduced pro�ts. We also �nd that shocks to the disutility of

labor generally have e¤ects of the opposite sign than technology shocks.

The rest of the paper is organized as follows. We present the model in section 2. The

Ramsey policy problem is set up in section 3. We then study the properties of the optimal

steady state allocation both analytically and numerically in section 4. Section 5 then

discusses the model economy�s responses to technology and preference shocks, whereupon
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section 6 concludes.

2 The model

We analyze a dynamic general equilibrium model in which households accumulate capital

and supply labor. Fiscal policy decides on the level of government spending, which provides

utility to households, and the level of a proportional labor income tax rate. The labor

market part is modelled as in Blanchard and Gali (2010), in particular, hiring of labor by

�rms is costly. Our model di¤ers from theirs in that we also consider capital accumulation

and, most importantly, concentrate on �scal, not monetary policies, assuming �exible

prices.1

Let st denote the state realized at date t � 0 and let st denote a particular history of
states from period 0 to t, st = fst; st�1; :::; s0g, where S : st 2 S is the set of possible states
and St the set of possible histories. Further, let �(stjst�1) be the period (t� 1) probability
of the occurrence of the history st, and �(st) = �(stjs0) its unconditional probability, where
s0 is the initial state with �(s0) = 1. Throughout the paper, we economize on notation

by leaving out the reference to the state st wherever possible without risk of confusion.

2.1 Households

There is a representative household consisting of a continuum of members (indexed with

j), normalized to measure one. The household members�preferences are identical, but

members may di¤er with regard to their employment status. Let nt 2 (0; 1) denote

the fraction of employed household members. These work the �xed amount of one time

unit per period and earn a real wage wt. Employment reduces leisure and utility by

a �xed amount � > 0. Expected lifetime utility of the household is then given byP1
t=0

P
st2St �

�
st
�
�t
�R 1

0

�
u
�
cjt
�
st
��
+ v(gt

�
st
�
)
�
dj �

R n(st)
0 �dj

�
, with u(:) and v(:) log-

arithmic in consumption and government spending, respectively, which can be rewritten

as

E0

1X
t=0

�t

8<:
1Z
0

[ln cjt + ' ln gt] dj �
ntZ
0

�tdj

9=; ; � 2 (0; 1); (1)

where ' > 0 is a constant utility parameter that determines the relative valuation of public

and private consumption and E0 is the expectations operator contingent on the information

in period 0, cjt is private consumption of the j-th member, and gt is government spending

which produces nonrival public goods that are consumed by all household members in

the same amount. The disutility of labor, �t, is assumed to follow the exogenous shock

process �t = �d�t�1 + (1� �d)�+ "dt , with �d 2 (0; 1), Et"dt+1 = 0, and a constant steady
1An earlier version of the paper (see Linnemann and Schabert, 2009) also considered jointly optimal

�scal and monetary policies under price stickiness.
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state level � > 0. We refer to exogenous variations in �t as preference shocks, henceforth.

All household members have access to a perfect capital market where a complete set of

one period contingent claims is traded. The reason for assuming perfect capital markets is

to avoid di¤erences in asset holdings and consumption levels among household members;

thus, heterogeneity refers to the employment status only (like in Merz, 1995, and a large

subsequent literature).

In each period t household members trade claims to period t + 1, whose payment

is contingent on the realization of st+1. Let Qt;t+1(st; st+1) be the period-t-price of one

unit of the consumption good in a particular state st+1 in period t + 1. When the j-

th household member�s portfolio of state contingent claims yields a random payment

mjt+1(s
t; st+1) in period t + 1, then the period t price of a random payo¤ is given byP

st+12S Qt;t+1(s
t; st+1)mjt+1(s

t; st+1) = Et[�t;t+1mjt+1], where mjt+1 = mjt+1(s
t; st+1)

and �t;t+1 = Qt;t+1(s
t; st+1)=�(s

t+1jst) is the stochastic discount factor.
Households can further invest in physical capital and receive pro�ts qjt from �rms,

which they own (share holdings are not explicitly modelled, for simplicity). The house-

hold�s �ow budget constraint can then be written as

1Z
0

Et[�t;t+1mjt+1]dj �
1Z
0

(mjt � cjt � ijt + rtkjt�1) dj + (1� � t)
ntZ
0

wtdj + qjt; (2)

where ijt is investment in physical capital kjt, earning a real return rt when lent out to

the �rm sector for one period, and � t denotes a �at rate labor income tax rate. Lump-

sum taxes are not available, such that the government is forced to �nance its expenditure

through distortionary labor taxation and debt. Capital is accumulated according to

kjt = (1� �)kjt�1 + ijt; (3)

where � 2 (0; 1) is a �xed depreciation rate. Maximizing expected lifetime utility of the
household subject to the budget constraint (2) and (3), as well as to a no-Ponzi-game

condition limt!1E0[�0;tmjt+1] � 0 and a non-negativity condition for capital for given

initial values kj;�1 and mj0, leads to the following �rst order conditions for consumption

and investment in contingent claims and in physical capital2:

c�1jt = �t,

�t;t+1 = � �t+1�t
, �t = �Et�t+1 [rt+1 + 1� �], and transversality conditions limt!1 �tE0�tkjt =

0 and limt!1 �tE0�tmjt+1 = 0, where �t is the multiplier on the �ow budget (2). As

a consequence, all household members h 6= j exhibit an identical marginal utility of con-

2We assume that all agents perceive the law of motion for the aggregate state to follow a �rst order
Markov process.
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sumption c�1jt = c�1ht = �t, and we can rewrite the �rst order conditions in terms of

aggregate household consumption,

�t;t+1 = �
c�1t+1
c�1t

; (4)

c�1t = �Etc
�1
t+1 [rt+1 + 1� �] ; (5)

where ct denotes aggregate household consumption satisfying ct =
R 1
0 cjtdj and ct = cjt for

all j. Furthermore the transversality conditions limt!1E0�
tc�1t kt = 0 and limt!1E0�

tc�1t mt+1 =

0, where mt =
R 1
0 mjtdj and kt =

R 1
0 kjtdj, have to hold.

2.2 Firms

There is a continuum of perfectly competitive �rms index with i, where i 2 [0; 1]. The
i-th �rm�s technology is

yit = atn
v
itk

1�v
it�1; v 2 (0; 1];

where at is the common stochastic level of productivity satisfying at = �aat�1+(1��a)a+
"at ; �a 2 (0; 1), where Et�1"at = 0 holds for the innovation, and the constant is a = 1.

Following Blanchard and Gali (2010), �rms can hire instantaneously, but hires hit are

associated with costs zt per hire (assumed to be the same for all �rms). The costs per

hire, which are taken as given by each individual �rm, are assumed to be increasing and

convex in the level of aggregate labor market tightness xt,

zt = bx�t ; �; b > 0;

where tightness is de�ned as the ratio of aggregate hires ht =
R
hitdi to the number of

unemployed at the beginning of the period ut,

xt = ht=ut 2 [0; 1]:

Thus, xt can be interpreted as a job �nding rate. Further, allowing for separation in each

period, the number of worker in each �rm evolves according to

nit = (1� d)nit�1 + hit; (6)

where d 2 (0; 1) is the exogenous separation rate. Thus, the total amount of hires satis�es:

ht = nt � (1� d)nt�1; (7)

where nt =
R
nitdi denotes the number of employed. Accordingly, the beginning-of-period

(before hiring) measure of unemployment ut satis�es: ut = 1 � (1 � d)nt�1; while unem-
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ployment after hiring is given by 1� nt.
The i -th �rm is assumed to maximize the following expected discounted sum of real

period pro�ts qit,

maxEt

1X
s=0

�t;t+sqit+s

with qit+s =
Pit+syit+s � Pt+swt+snit+s � Pt+srt+skit+s�1 � Pt+szt+shit+s

Pt+s
;

where the �rm applies the owners�stochastic discount factor �t;t+s = �s
c�1t+s
c�1t
, subject to

yit+s = at+sn
v
it+sk

1�v
it+s�1 and hit+s = nit+s � (1 � d)nit+s�1, taking the real wage and

capital rental rate and �rm-level costs per hire zt+s as well as previous period employment

and capital ni;�1 and ki;�1 as given.

Letting �it be the multiplier on (6), the �rst order conditions read

wt = vatn
v�1
it k1�vit�1 ��it + (1� d)Et�

c�1t+1
c�1t

�t+1; (8)

�it = zt; (9)

rt = (1� v)atnvitk�vit�1: (10)

Note that �it gives the marginal value of an additional hire to the �rm, and is equal to

the (per-hire) hiring costs zt = bx�t that are saved when an additional worker is in place;

this is the same across �rms, and therefore the marginal value of a hire is the same across

�rms, implying �it = �t. Note that there exists an externality, since an individual �rm

does not take into account the impact of its own hires hit on the hiring costs zt.

zt = vatn
v�1
it k1�vit�1 � wt + (1� d)Et�

c�1t+1
c�1t

zt+1 (11)

2.3 Wage bargaining

Following Blanchard and Gali (2010) as well as a large part of the macroeconomic literature

on unemployment, it is assumed that real wages are determined in a Nash bargain between

workers and �rms. Let !nt be the household�s value of being employed, and !
u
t the value

of being unemployed at the beginning of t. We have

!nt = (1� � t)wt � �tct + �Et
c�1t+1
c�1t

�
d(1� xt+1)!ut+1 + (1� d(1� xt+1))!nt+1

�
:

Here d(1�xt+1) is the probability of the transition from employed to unemployed status (d
is the separation rate, and xt+1 the job �nding rate for period t+1, such that d(1� xt+1)
is the probability of being �red and then not �nding a job next period). The value of
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being unemployed is

!ut = �Et
c�1t+1
c�1t

�
(1� xt+1)!ut+1 + xt+1!nt+1

�
:

The household�s surplus in the Nash bargain is thus

!nt � !ut = (1� � t)wt � �ct + �(1� d)Et
c�1t+1
c�1t

�
(1� xt+1)

�
!nt+1 � !ut+1

��
: (12)

The surplus of a �rm i0s hire �it is equal to the (per-hire) hiring costs zt = bx�t that are

saved when an additional worker is in place. Given that the costs per hire are identical

for all �rms, �it = �t, �rms and households maximize the Nash product

(!nt � !ut )
� (�t)

1�� , � 2 (0; 1);

leading to the �rst order condition

!nt � !ut = (1� � t)#bx�t ;

where # = �
1�� is the workers�relative bargaining weight. Inserting this into (12) shows

that the bargained real wage satis�es

wt =
�tct
1� � t

+ #bx�t � �(1� d)Et
c�1t+1
c�1t

�
(1� xt+1)

1� � t+1
1� � t

#bx�t+1

�
: (13)

2.4 Government

The government levies proportional taxes at the rate � t on labor income for purchases

of goods gt � 0, and can borrow and lend in terms of state contingent claims mg
t . The

government�s �ow budget identity is thus

gt = � twtnt � Et[�t;t+1m
g
t+1] +m

g
t : (14)

given mg
0 � 0. The assumption that the government trades in terms of state contingent

claims is made to facilitate the derivation of an intertemporal budget constraint. For a

more realistic speci�cation, one might assume that the government combines state contin-

gent claims to a portfolio that resembles a one period bond.

2.5 Rational expectations equilibrium

We consider a symmetric equilibrium, where �rms�choices yit = yt, nit = nt and kit = kt.

Hence, their equilibrium behavior can be summarized in terms of aggregate variables only
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by (7), (10), yt = atn
v
t k
1�v
t�1 ,

wt = vatn
v�1
t k1�vt�1 � bx�t + b(1� d)Et�

c�1t+1
c�1t

x�t+1; (15)

qt = yt � wtnt � rtkt�1 � ztht; (16)

where we used (11) for (15). It should be noted that �rms�pro�ts are in general not zero

even though the production function exhibits constant return to scale. This can easily be

seen from combining (15)-(16), which leads to

qt = (1� d)
(
nt�1zt � ntEt�

"
c�1t+1
c�1t

zt+1

#)
: (17)

Hence, �rms�pro�ts exist since at any point in time the non-separated part of the previous

period�s employment level is given, which saves the amount of hires and the associated

hiring costs. When �rms consider their optimal labor demand, they take into account that

hires today, to the extent that they will not be separated until the next period, tend to

reduce future hiring costs (see 8). Yet, these future expected savings are in general not

identical to those arising out of the current period�s existing employment level (see 17).

Moreover, the average value of pro�ts is strictly positive (even if employment, and thus

labor market tightness and hiring costs, do not change) due to discounting, implying that

there are pure rents in the long-run (see 17). We will show below that these pro�ts will

be relevant for optimal �scal policy.

In a rational expectations equilibrium markets clear, prices adjust in accordance with

the plans of households and �rms, and, in particular, the bargained real wage will satisfy

(13) and the �rms� labor demand condition (15). A rational expectations equilibrium

then is a set of sequences fnt; kt; ct; xt; wt; rt; qt; �t;t+1;m
g
t g1t=0 satisfying (4), (5), (10),

(14), (15), (16),

atn
v
t k
1�v
t�1 = ct + bx

�
t [nt � (1� d)nt�1] + gt + kt � (1� �)kt�1; (18)

�tct
1� � t

= vatn
v�1
t k1�vt�1 � (1 + #)bx�t (19)

+�b(1� d)Et
c�1t+1
c�1t

�
x�t+1 + (1� xt+1)

1� � t+1
1� � t

#x�t+1

�
;

xt =
nt � (1� d)nt�1
1� (1� d)nt�1

; (20)

and the transversality conditions, limt!1E0�
tc�1t mt+1 = 0 (where mt = �mg

t ) and

limt!1E0�
tc�1t kt = 0, given a �scal policy choice of the time paths fgt; � tg1t=0, exogenous

sequences fat; �tg1t=0, and initial values k�1 > 0, n�1 > 0, and m
g
0 � 0.
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3 Optimal �scal policy

In this section we describe the problem of the government. We assume the government

can credibly commit itself, such that its decisions can be derived from a standard Ramsey

problem. The Ramsey planner aims at maximizing household welfare (1), which can be

rewritten as

E0

1X
t=0

�t fln ct + ' ln gt � �tntg ; (21)

subject to the restrictions imposed by private sector behavior (4), (5), (10), (15), (16),

(14), (18)-(20), and the transversality conditions.

Using the period-0 price of one unit of the consumption good in period t for a partic-

ular history st, Q0(st) = Qt�1;t(st�1; st) Qt�2;t�1(st�2; st�1) :::Q0;1(s0; s1), and applying

the �rst order condition �t;t+1 =
Qt;t+1(st;st+1)
�(st+1jst) = �

c�1t+1(s
t+1)

c�1t (s0)
, which implies Q0(st) =

�t�(st)
c�1t (st)

c�10 (s0)
the intertemporal government budget constraint can be written as

mg
0 =

1X
t=0

X
st

�(st)�t
c�1t (s

t)

c�10 (s0)

�
gt
�
st
�
� � t

�
st
�
wt
�
st
�
nt
�
st
��
;

where we used the transversality condition. Omitting the reference to the state for nota-

tional simplicity gives

mg
0c
�1
0 = E0

1X
t=0

�tc�1t (gt � � twtnt) : (22)

An optimal �scal policy is a sequence fgt; � tg1t=0 that implements a rational expectations
equilibrium that yields the highest level of household welfare. Thus, it maximizes (21)

subject to (4), (5), (10), (15), (16), (18)-(20), and (22), given k�1, n�1, and m
g
0. The

rational expectations equilibrium under an optimal policy is characterized in appendix

8.1. In deriving the policy, we ignore time inconsistency issues and assume that the initial

values for the predetermined variables are equal to their values in the deterministic steady

state.

4 Steady state

In this section, we analyze the steady state of the model under the optimal �scal policy.

We proceed in two steps: �rst, we analytically characterize the steady state under optimal

policy for a simpli�ed version of the model without capital accumulation. In step two,

we numerically analyze the properties of the completely parameterized steady state of the

full model.
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4.1 Analytical results

In appendix 8.2, we list the full set of conditions for a (deterministic) steady state equilib-

rium under the optimal policy. Before we turn to the steady state analysis of the original

problem, we apply a simpli�ed version of the model in order to disclose how optimal �scal

policy depends on labor market frictions. Speci�cally, we assume that there is no capital

and returns to labor are constant (v = 1), and that there is no initial public debt (m0 = 0),

which allows to derive several results in an analytical way (here and henceforth, variables

without time indices denote constant steady state values).

First, consider the limiting case where no labor market frictions are present, i.e. hiring

costs are zero (by setting b = 0). In this case, where the labor income tax is the only

friction, the optimal steady state ratio of public to private consumption would be g=c = '

(as shown in appendix 8.2). This policy equates the marginal utilities of public and

private consumption, and would also be chosen under the �rst best allocation, i.e. if

neither distortionary taxes nor labor market frictions existed. Hence, absent hiring costs

the Ramsey planner would choose the �rst best ratio of government spending to private

consumption in the steady state, even though the labor supply decision is distorted by the

income tax.3 The steady state tax rate for this case is given by � = '= (1 + ') and the

optimal consumption level by c = ��1(1� �). It should be noted that these results do not
hold in general and depend, in particular, on the utility function. The logarithmic utility

function we have chosen is particularly instructive, as it produces the �rst best choice of

public to private consumption, namely ', if there are tax distortions but no labor market

frictions, and thus allows to show how the sole introduction of labor frictions can induce

the policy maker to deviate from this choice.

Second, consider the case where labor market frictions exist, i.e. where hiring is costly

z > 0 (due to b > 0). As shown in appendix 8.2, the optimal steady state ratio of public

to private consumption is then given by

g=c = '+ q � �, (23)

where steady state pro�ts q are given by

q = bn (1� �) (1� d) (dn= [1� (1� d)n])� > 0 (24)

(from 17), and � > 0 is de�ned as � (�; g; c; � ; x) = #� g
c2

bx�(1��)(d(1�x)+x)
c�
1��+x

�b#(1�x)(1��)(1�d) > 0.

Thus, under an optimal �scal policy, the ratio g=c deviates from its �rst best level '; in

particular, since pro�ts q are positive under frictional labor markets (see 24), the public-

private consumption ratio is larger than ' with labor frictions. This choice for the ratio

3A corresponding result has been shown by Lansing (1997) in a model with government spending in
the production function.
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g=c is accompanied by an optimal tax policy, which accords to the well-established public

�nance principle to con�scate pure rents stemming from �rms�pro�ts that are transferred

to households. This can be seen from the following condition for the optimal steady state

labor income tax rate (see appendix 8.2):

� =
'+ q � �

1 + '+ q � (�� uc)
; (25)

where uc = 1=c > 0. Given that there exist pure rents q > 0 stemming from saved hiring

costs due to the pre-existing employment level (see also 24), the optimal �scal policy

reacts according to (25) by increasing the tax rate above the level '= (1 + ') that would

be optimal under frictionless labor markets. Further, the optimal consumption level is

reduced by hiring costs z, as can be seen from the steady state version of (19) which reads

c = ��1 (1� �) (1� z �	) ; (26)

where 	(n) = 1�� (1� d)+#[1�� (1� d) 1�n
1�(1�d)n ] > 0 (again see appendix 8.2). Hence,

labor market frictions cause the Ramsey planner to choose a higher steady state tax rate

and a higher steady state ratio of public to private consumption compared to the case of

frictionless labor markets. These results are summarized in the following proposition.

Proposition 1 For v = 1 and m0 = 0, optimal �scal policy is characterized by a tax rate

and a ratio of public to private consumption in the steady state, which are both higher than

in the case where no labor market frictions exist.

If the government would have access to non-distortionary taxation, the intertemporal

government budget constraint would not be a binding constraint for the Ramsey problem.

The optimal steady state ratio of public to private consumption would then di¤er from the

�rst best level ' if and only if there are labor market frictions b > 0 and additionally the

workers�relative bargaining weight # di¤ers from the elasticity of the hiring cost function

� (as shown in a working paper version, Linnemann and Schabert, 2008), which accords

to a violation of the well-known Hosios condition.4

Here, it is important to note that whether the Hosios condition is satis�ed or not does

not signi�cantly alter optimal �scal policy when the government does not have access to

non-distortionary taxation (see 23 or 25). The reason is that allocative e¢ ciency is already

impeded by distortionary labor taxes, which are positive since the government needs to

provide useful public goods through positive government spending. The labor market

friction studied here interacts with tax distortions in a way that (constrained) e¢ ciency is

unattainable for the Ramsey planner irrespective of the ful�llment of the Hosios condition.
4Precisely, under an optimal �scal policy regime with access to lump-sum taxation, the steady state ratio

of public to private consumption satis�es g=c = '+(#��)z (g=c) =
�
(1� (�+ 1)bx�) + ��1�(1 + #)bx��1

�
(see also Linnemann and Schabert, 2008), such that g=c = ' if the Hosios condition is satis�ed, # = �.
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4.2 Numerical analysis

In what follows, we present results from numerical experiments with a parameterized

version of the steady state of the complete model (see appendix 8.2).

4.2.1 Calibration

We choose parameters to characterize a continental European country by identifying

steady state values with averages computed from time series observations for Germany,

France, and Italy.5 Unless otherwise noted, data are from the European Commission�s

Annual Macroeconomic Database AMECO and cover the period from 1960 to 2007, where

the initial date is due to data availability and the �nal date is chosen to exclude the tur-

moil of the recent �nancial crisis. We choose the discount factor as � = 0:97 for a yearly

interpretation of the model, implying roughly a three percent real interest rate. The labor

share in output (AMECO�s average adjusted wage share in GDP at factor cost) is 0:6895.

The depreciation rate is computed as the average ratio of gross �xed capital formation

over the capital stock, yielding 0:0704. The steady state unemployment rate is taken

as the average over the sample from 1980 onwards, thus covering the historical episode

since the emergence of the European unemployment problem, with a value of 8:55%. This

amounts to choosing the utility parameter � such that n = 0:9145 results in the steady

state. The average ratio of government consumption over private consumption is 0:3278

in the sample; we use this as our value for the utility parameter '. Unlike in the previous

section, we also allow for a non-zero steady state debt-to-gdp ratio m=y; data are available

for all three countries only from 1990 onwards in the AMECO database, which leads to

an average value of 74:8%.6

Then, we follow Blanchard and Gali (2010) in setting the curvature of the hiring cost

function to � = 1. Also, we follow Blanchard and Gali (2010) to adjust the parameter b

such that in the calibrated steady state the costs of hiring, bx�dn, are a certain percentage

� � bx�dn=(nvk1�v) of steady state output, which leads to a calibrated value for the

constant b; in practice, we specify � to be 0:01 as in Blanchard and Gali (2010), such

that hiring costs represent one per cent of steady state output. However, as the parameter

b is at the same time crucial for the results and not directly empirically observable, we

will discuss the consequences of varying it below. In the baseline calibration, we assume

that labor�s bargaining power is as large as the �rms�, which amounts to setting relative

bargaining power to # = 1; we will however conduct a sensitivity analysis with respect to

this parameter below.

Finally, for continental European countries Elsby et al. (2011) report values for the

5For the period before German uni�cation in 1990, West German data are used.
6The steady state debt-to-gdp ratio under the optimal �scal policy is a function of the initial debt level.

Here, we calibrate the steady state debt-to-gdp ratio in accordance with empirical observations, which can
in principle be implemented by an appropriate choice of the initial debt level.
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monthly job �nding rate which are on average about 7%. Thus, to calibrate the annual

steady state job �nding rate x, we use xmonthly = 0:07 and compute x =
P
i=0;:::;12(1 �

xmonthly)ixmonthly. This gives a value of x = 0:5814, which together with the steady state

condition x = dn=(1� (1� d)n) and our earlier choice of a steady state employment rate
of n = 0:9145 implies a value for the annual separation rate of d = 0:1299. This parameter

choice is certainly subject to considerable empirical uncertainty; we therefore checked the

robustness of the results with respect to di¤erent values. As it turned out (not reported),

changes in d a¤ect the steady state qualitatively in the same way as those in b, which

are documented below. We therefore abstain from presenting results for di¤erent values

of d for brevity. The following table 1 gives an overview over the chosen or calibrated

parameter values.

Table 1 Parameter values

� � v � # � n ' d b m=y

0:97 0:0704 0:6895 1 1 0:8447 0:9145 0:3278 0:1299 0:22 0:748

4.2.2 Results

With the parameter value given in table 1, we compute the steady state under optimal

policy numerically. This results, for the baseline case, in a steady state tax rate of 0:3156,

a ratio of government spending to output of 0:1914, and of consumption to output of

0:5829. The implied ratio of government spending to private consumption is g=c = 0:3283,

which is slightly larger than the utility parameter ' = 0:3278. Thus, the steady state

result that g=c > ' for the case of positive hiring costs that has been established analyt-

ically is con�rmed numerically for the full version of the model with endogenous capital

accumulation and positive steady state public debt. For the chosen calibration, the e¤ect

is quantitatively small though.

We now turn to demonstrating the e¤ect of varying key parameters on the steady state

optimal policy. In �gure 1, the parameter b that governs the size of hiring costs, and thus

the severity of labor market frictions, is varied on the horizontal axis. For each value, the

resulting steady state values of the variables given in the panel titles are plotted.

Since b determines the quantitative importance of the hiring costs, varying it gives

an indication how optimal �scal policy would respond, in the steady state, to di¤erent

degrees of the distortion in the labor market. In accordance with proposition 1, optimal

policy keeps the steady state ratio of public to private consumption at its �rst best level

g=c = ' = 0:3278 if and only if there are no hiring costs, b = 0. Under positive hiring costs,

b > 0, the ratio g=c monotonically increases with b, as does the optimal labor tax rate � .

The reason is that, on the one hand, hiring frictions lead to the existence of positive prof-

its, which the planner chooses to tax indirectly. On the other hand, a more costly labor

13



Figure 1: Steady state allocations under optimal policy for varying b.

reallocation process lowers employment and consumption. The planner cannot undo the

e¤ects of the hiring costs, since this would entail subsidizing labor by choosing a negative

tax rate. This is not possible in the present model, since the government provides a posi-

tive amount of public goods that are valued by households, and therefore needs to choose

positive tax rates. Since labor reallocation is more costly the higher are hiring costs, em-

ployment is lower and the tax rate increases with b which compensates for the reduction

in the tax base. As shown analytically for the simpli�ed version of the model above in

(26), private consumption is lower the larger are hiring costs, which is exacerbated by the

higher tax rate. The planner then chooses to increase utility providing government expen-

ditures relatively to private consumption (although the levels of both decline, government

expenditures decline less). Hence, the Ramsey-optimal ratio of government spending to

private consumption g=c is higher than its �rst best level ', and increases in the size of

hiring costs.

Figure 2 shows the e¤ect on the optimal policy in the steady state of varying labor�s

relative bargaining power #. The e¤ects of higher bargaining power on employment,

consumption, and the public-private spending ratio g=c are similar to those of higher

hiring costs, but the e¤ect on the tax rate is opposite. Higher # means that a larger part

of the surplus from existing hires is transferred to households through the wage bargain,

which tends to reduce �rms� labor demand. To mitigate the adverse employment and

14



Figure 2: Steady state allocations under optimal policy for varying #.

consumption e¤ects of higher wage claims, the tax rate declines with increasing #.7 As

above, government expenditures increase relatively for higher values of #, which has the

e¤ect of limiting the utility loss from declining private consumption.

4.2.3 Welfare comparison

The previous sections have shown that optimal policy leads to a steady state where the

ratio of government spending to consumption di¤ers from the benchmark g=c = ' that

would be optimal in a frictionless model, although the di¤erence turned out to be quan-

titatively small for the chosen calibrations. In this section, we quantify the welfare e¤ects

by conducting the following experiment: the economy starts in a steady state which is

characterized by a non-optimal policy. In this initial steady state, government spending

is simply set at g=c = ', and the tax rate is chosen to balance the budget. The initial

steady state thus characterizes a situation where labor market frictions exist, but policy

ignores them and follows a simple policy which would be optimal if labor market frictions

were absent. The welfare received from staying forever in this non-optimal deterministic

steady state (with consumption, government spending, and employment given by c0; n0;

7 If # becomes even larger, the fact that labor income is the tax base (which declines through the
employment reducing e¤ect of high bargaining power) would force the planner to abstain from further
tax rate reductions and necessitates even slight tax rate increases. Again, this is due to the fact that the
planner needs to �nance a positive amount of utility enhancing government spending through taxing labor.
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and g0) is denoted v0, de�ned as

v0 =
1X
t=0

�tu(c0; n0; g0):

Starting from this steady state, the policy once and for all switches to the optimal policy.

Let the deterministic time paths of consumption, employment, and government spending

resulting from this policy switch be c1t , n
1
t , and g

1
t . We compute these time paths as the

deterministic transition to the new steady state after the policy switch.8 Welfare under

this scenario (including the phase of transition) is denoted v1, given as

v1 =

1X
t=0

�tu(c1t ; n
1
t ; g

1
t ):

We then compute the consumption equivalent of the welfare consequences of the policy

shift. Speci�cally, we ask how much of the initial steady state consumption the repre-

sentative household would pay for the shift from the non-optimal to the optimal policy.

Let the constants c0 and c1 be the permanent consumption streams that yield v0 and

v1, respectively: ln
�
c0
�
=(1 � �) = v0 and ln

�
c1
�
=(1 � �) = v1. We then measure the

consumption equivalent � of the welfare gain from the transition to the optimal policy as

� = 100 �
�
1� c0=c1

�
.

For the baseline parameters discussed above, this results in � = 0:0077. If we do not

take into account the transition phase, but just compare steady state welfare di¤erences,

the corresponding �gure would be larger and equal to 0:0117. Thus, if the government does

not take into account the existence of labor market frictions and, instead of optimizing,

follows the simple rule of setting g=c = ', this results in a welfare loss that, to households,

is worth less than one hundredth of a percentage point of steady state consumption (or

slightly more than that if not taking the transition to the new steady state into account).

In this sense, while g=c = ' is not optimal in an economy with labor frictions, the welfare

consequences of this non-optimality are very small in this model.

5 Dynamic e¤ects

We now examine the short-run macoreocnomic dynamics, i.e. responses to exogenous

shocks. To study the cyclical properties under the optimal policy, we take a loglinear

approximation of the equilibrium conditions at the deterministic steady state.9 We found

the steady state to be saddle path stable in all cases considered. Figure 3 shows percentage

deviations from steady state to a positive one percent autocorrelated (� = 0:8) technology

shock; the exception is the lower right panel, where �rms�pro�ts q are shown in absolute

8Computations have been performed using Dynare (see www.dynare.org).
9Computations are carried out in Dynare (see www.cepremap.cnrs.fr/dynare).
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deviations from their steady state.10 In the �gure, the responses under the optimal policy

for the baseline calibration are shown by solid lines; for comparison, the dotted lines show

the case of no labor market frictions (b = 0). The dashed lines show the �rst best case,

i.e. the absence of both labor market frictions and the availability of lump-sum taxes (this

case is obtained from the problem of maximizing household utility subject to the resource

constraint with b = 0 and lump-sum taxes).

Figure 3: Percentage impulse responses to technology shock, optimal policy

A technology shock always leads to positive responses of all variables, but the quantita-

tive size of the response is di¤erent when labor market frictions are present. Consider �rst

the case where labor frictions are absent b = 0 (see dotted line). The transitory increase

in productivity leads to higher employment and wages, which induces the government to

substitute taxation from the future to the present, such that the tax rate is �rst increased

and later decreased. Given that the higher tax rate tends to reduce consumption (see 19

and 23), the increase in consumption is less pronounced than in the �rst best case (dashed

lines). Since both employment and (not shown) the real wage rise, the tax base and thus

total tax revenues rise strongly on impact. Accordingly, the share of public to private con-

sumption increases relative to its steady state value during the adjustment process, before

10Since the level of pro�ts is very small in the steady state, showing percentage deviations would distort
the scale of the �gure.
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declining below steady state when the employment e¤ects of the shock have vanished and

taxes decline. Note that in the �rst best case the share of public to private consumption

is held constant at '.

With hiring costs (b > 0), the employment response is strongly dampened relative to

the cases without labor frictions, since labor reallocations are socially costly in this case.

As can be seen from the �gure, the government increases taxes relatively strongly. It taxes

�rms�pro�ts which rise in a boom due to the existence of hiring costs such that the tax

response is more pronounced than for b = 0. In total, the output e¤ect of the technology

shock is reduced and consumption as well as government spending and investment expand

less than in the frictionless case.

In �gure 4, we show the responses that would occur if the tax rate were held constant

at its steady state value, while government spending is free to adjust optimally. The

latter case seems practically relevant in the short run, since usually tax codes can only

be changed through a potentially lengthy parliamentary process, whereas governments

typically have some leeway to adjust spending over the business cycle. In this case, the

dynamics o¤ steady state under the frictionless case with distortionary taxes (dotted lines)

and in the �rst best case are the same (which is therefore not shown in the �gure). When

labor market frictions are absent (see dotted line), it is optimal for the government to keep

the ratio of public to private spending constant. If however hiring is costly (solid line),

it is optimal to let employment increase to a smaller extent to limit labor reallocation

costs, which leads to lower tax renevues in the case without hiring costs (even though

wages increase). Hence, the optimal policy is to increase government spending much

less (compared to the case of variable tax rates seen in �gure 3). As a result, the ratio

g=c declines if there are labor frictions, whereas it would stay constant in the case of

no hiring costs. Thus, the government adjusts uses its spending to smaller employment

�uctuations when the tax rate is not at its disposal. In particular, the smaller increase in

g in this case is associated with a larger increase in c (correspondingly the notable drop

in g=c occurs), which leads to relatively higher wage claims (see 13) consistent with the

muted employment reaction. Hence, the government departs from a policy of keeping the

marginal utilities of government spending and private consumption aligned.11

Figure 5 shows the impulse responses (for optimally set tax rates and government

spending) to an autocorrelated (� = 0:8) positive shock to the preference parameter �t
which increases the disutility of working, and induces households to reduce labor supply.

Overall, the pattern of the optimal policy responses accords to the responses to a negative

productivity shock (see �gure 3). The government reacts by letting the tax rate decline and

lowers the ratio of public to private consumption. When hiring is costly (see solid lines),

the tax rate reduction is even more pronounced �due to reduction in pro�ts, while the

11The mechanism with constant taxes imposed is qualitatively the same as the one under lump-sum
taxes that has been discussed in the working paper version, Linnemann and Schabert (2009).
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Figure 4: Percentage impulse responses to technology shock, constant tax rate

ratio of public to private consumption responds less than in the case without labor market

frictions (see dotted line) and thus limits the labor reallocation costs since it contains

the employment decrease. As in the case of technology shocks discussed above, it turns

out that the �scal planner uses strong tax variations and achieves a muted employment

response, while aiming to keep government spending and consumption closely linked to

each other. If labor reallocation is not costly (dotted lines), employment reacts much

more strongly negatively, which reduces the tax base more strongly. Together with a tax

reduction, which is weaker due to the absence of pro�ts, government spending decreases

more strongly than under positive hiring costs.

6 Conclusion

In this paper, we have analyzed the optimal conduct of government spending and labor

income tax policy in a model with frictional unemployment. We use a setting where in the

absence of labor market frictions the optimal Ramsey policy would call for choosing steady

state government spending so as to equalize their marginal utility to the one of private

consumption, such that the ratio of public to private consumption would be determined

by the utility function parameter that gives the relative weight of useful public spending
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Figure 5: Percentage impulse responses to preference shock, optimal policy

in utility. With labor market frictions, the optimal policy entails a steady state where

government spending is higher relatively to private consumption. The quantitative size of

this departure is low, however, in a calibrated quantitative model version.

With respect to short-run dynamics, the optimal policy is to use strongly procyclical

tax rate adjustments in response to technology or preference shocks. Through this policy,

the pro�ts that arise from hiring cost savings of existing employment are taxed indirectly.

The ratio of government spending to private consumption reacts only weakly procyclically.

However, if the tax rate is assumed to be �xed in the short run, the public to private

consumption ratio is markedly countercyclical.

The analysis in the present paper uses a purely real model without any role for nominal

variables. Recently, several authors have incorporated labor market frictions in a New

Keynesian sticky-price environment (e.g. Blanchard and Gali, 2010, Krause and Lubik,

2007, Gertler and Trigari, 2009, or Faia, 2008) to study optimal monetary policy. The

analysis of optimal �scal policy along the lines suggested in this paper in a setting with

both labor frictions and nominal rigidities seems like a natural extension of this literature

and is left for future research.
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8 Appendix

8.1 Optimal �scal policy

Let � be the multiplier on the implementability constraint (22), and let �t,  t, �t; and $t

be the (time variable) multipliers on the resource constraint (18), on the de�nition of the

job �nding rate (20), on the labor market equilibrium condition (19), and on the Euler

equation (5) respectively, such that the Lagrangian of the optimal policy problem reads

L = E0

1X
t=0

�t fln ct + ' ln gt � �tnt

+�

"
c�1t

 
�gt + � tvatnvt k1�vt�1 � � tntbx�t + � tnt�Et

c�1t+1
c�1t

b(1� d)x�t+1

!#
+�t

�
atn

v
t k
1�v
t�1 � ct � bx

�+1
t [1� (1� d)nt�1]� gt � kt + (1� �)kt�1

�
+ t

�
xt �

nt � (1� d)nt�1
1� (1� d)nt�1

�
+�t

�
� �tct
1� � t

+ vatn
v�1
t k1�vt�1 � (1 + #)bx�t

+ �b(1� d)
c�1t+1
c�1t

�
x�t+1 + (1� xt+1)

1� � t+1
1� � t

#x�t+1

�#

+$t

"
�Et

c�1t+1
c�1t

�
(1� v) at+1nvt+1k�vt + 1� �

�
� 1
#)

��A0:

where we have eliminated the wage rate in the implementability constraint by the labor

demand condition (15).

The optimal policy then has to satisfy the following �rst order conditions with respect

to the optimal choice of government spending, the tax rate, consumption, employment,

the job �nding rate, and capital for t � 1:

@L

@gt
= 0 = 'g�1t � �t � �c�1t ;

@L

@kt
= 0 = ��Etc

�1
t+1� t+1v (1� v) at+1nvt+1k

�v
t

��t + �Et�t+1
�
(1� v)at+1nvt+1k�vt + 1� �

�
+ �Et�t+1v(1� v)at+1nv�1t+1 k

�v
t ;

�$t�Et
c�1t+1
c�1t

v (1� v) at+1nvt+1k�v�1t ,
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together with (18), (19), (5), (20), and (22).
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8.2 Deterministic steady state under the optimal policy

Set of equilibrium conditions In what follows, we summarize the properties which

the steady state has to satisfy and compute the steady state values numerically. Constant

steady state values of variables are denoted by dropping the time subindex. The steady

state values of the stochastic variables are a = 1 and � > 0, respectively. From the

policy maker�s �rst order conditions and the constraints, the following 11 conditions for

fc; g; n; k; x; � ;�; �;  ; �;$g characterize the steady state:

0 = �c�1
�
vnvk1�v � bnx� + n�b(1� d)x�

�
� � �c

(1� �)2

+(� � 1)�b(1� d)(1� x) 1

1� � #x
�

0 = 'g�1 � �� �c�1

0 = c�1 � �c�2
�
�g + �vnvk1�v � �nbx�

�
� �c�2�nb(1� d)x� � �

�� �

1� � + (� � 1)�
1

c
(1� d)b [x� + (1� x)#x�]

�$(1� �)1
c

�
(1� v)nvk�v + 1� �

�
0 = ��+ �c�1�v2nv�1k1�v � �c�1�bx� + �c�1��b(1� d)x�

+�vnv�1k1�v �  1

1� (1� d)n + ��bx
�+1(1� d)

+� 
(1� d) (1� x)
1� (1� d)n + �v(v � 1)nv�2k1�v +$v (1� v)nv�1k�v

0 = ��c�1b�x��1 + �c�1�nb(1� d)�x��1 � (�+ 1)�bx� [1� (1� d)n] +  

���(1 + #)bx��1 + �b(1� d)x��1 (� (1 + #)� (1 + �)#x)

0 = ��c�1�v (1� v)nvk�v � �+ ��
�
(1� v)nvk�v + 1� �

�
+��v(1� v)nv�1k�v �$� (1� v) vnvk�v�1

(1� �)m = �vnvk1�v � �nbx� [1� �(1� d)]� g

nvk1�v = c+ bx�+1 [1� (1� d)n] + g + �k

x =
dn

1� (1� d)n
�c

1� � = vnv�1k1�v � (1 + #)bx� + �b(1� d) [x� + (1� x)#x�]

1=� = (1� v)nvk�v + 1� �

for a given value m > 0, which depends on the initial condition m0 > 0.

Steady state of the simpli�ed version This section derives the results discussed

in section 4.1. For a closed form analysis of how an optimal �scal policy accounts for

the labor market friction in the steady state, we introduce some simplifying assumptions.

Speci�cally, we assume here that there is no capital and returns to labor are constant

(v = 1) and that there is no steady state debt m = 0. The set of steady state conditions
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for fc; g; n; x; � ;�; �;  ; �g is then given by

0 = �c�1 (n� bnx� [1� �(1� d)])� � �c

(1� �)2
� � (1� �) b(1� d)(1� x) 1

1� � #x
�(27)

� = 'g�1 � �c�1 (28)

0 = c�1 � �c�2 (�g + �n� �nbx� [1� (1� d)])� �� � �

1� � (29)

�� (1� �) 1
c
(1� d)bx� [1 + (1� x)#]

g = �n� �nbx� [1� �(1� d)] (30)

n = c+ bx�dn+ g (31)

x =
dn

1� (1� d)n (32)

�c = (1� �) (1� bx� (1� � (1� d) + # (1� � (1� d) (1� x)))) (33)

0 = ��+ �c�1� � �c�1�bx� + �c�1��b(1� d)x� (34)

+��  1

1� (1� d)n + ��bx
�+1(1� d) + � (1� d) (1� x)

1� (1� d)n
0 = ��c�1b�x��1 + �c�1�nb(1� d)�x��1 � (�+ 1)�bx� [1� (1� d)n] +  (35)

���(1 + #)bx��1 + �b(1� d)x��1 (� (1 + #)� (1 + �)#x)

To identify how optimal �scal policy depends on the labor market frictions, we apply the

steady state conditions (27)-(35). We use (30) to rewrite (27) as

�
c

1� �

�
�

1� � + (1� �) bx
� 1

c
(1� d)(1� x)#

�
= �

c�1

�
g (36)

and (29) as

�

�
�

1� � + (1� �) bx
� 1

c
(1� d) (1 + (1� x)#)

�
= c�1 � �c�2x�bn� (1� �) (1� d)� �

(37)

We then divide (37) by (36), to get

1� �
c

� =
1� ' cg � �c

�1x�bn� (1� �) (1� d) + �
� g�

, c

g

�g
c
� '

�
= �

�
�
1� �
�

g

c
� 1
�
+ �c�1x�bn� (1� �) (1� d) (38)

where � =
�

1��+(1��)bx
� 1
c
(1�d)(1+(1�x)#)

�
1��+(1��)bx�

1
c
(1�d)(1�x)# > 1. Eliminating n in (30) by (31), 1��

�
g
c =

1� (1� �) (1� d) bx� nc , and eliminating
1��
�

g
c in (38) then gives

c

g

�g
c
� '

�
= �

�
�
�
1� (1� �) (1� d) bx�n

c

�
� 1
�
+ �c�1x�bn� (1� �) (1� d)

, ��1
c

g

�g
c
� '

�
= (�� 1)� (�� �) (1� �) (1� d) c�1x�bn (39)

25



We further use (33) to rewrite � as � = (1�(1+#)bx�)+bx�(1�d)(1+(1�x)#)
(1�(1+#)bx�)+bx�(1�d)(�+(1�x)#) , and apply the

latter to eliminate � in (39)

��1
c

g

�g
c
� '

�
(40)

= (x�b (1� �) (1� d)) n
c

�
c
n � [(1� �) (1� (1 + #)bx

�) + bx�(1� d) ((1 + (1� x)#)� � (� + (1� x)#))]
(1� (1 + #)bx�) + bx�(1� d) (� + (1� x)#)

We �nally combine (30) and (31) to get c
n = 1 � bx�d � � (1� bx� (1� �(1� d))), and

replace c=n in (40) and well as (1� (1 + #)bx�) with (33). Rearranging terms then yields

g

c
= '+ q � � g

c2
bx�# (1� �) (d (1� x) + x)

c�
1�� + x

�b# (1� x) (1� �) (1� d) (41)

where we used q = nx�b (1� �) (1� d).
From this, the case of no labor market frictions due to zero hiring costs, b! 0, can be

seen to imply
g

c
= '; (42)

as claimed in section 4.1.

De�ning � = � g
c2

bx�#(1��)(d(1�x)+x)
c�
1��+x

�b#(1�x)(1��)(1�d) , (41) can be written as g=c = ' + q� (see

23). To identify how labor market frictions a¤ect the optimal tax rate, we substract both

sides of n (1� bx�d) = c+ g (see 30) from g=� = n (1� bx� [1� �(1� d)]) (see 31) to get
g��1 � (g + c) = �nx�b (1� �) (1� d). Further using the de�nition of �rm pro�ts

q = nx�b (1� �) (1� d) (43)

and rearranging terms, shows that the tax rate under optimal policy satis�es

� =
(g=c)

1 + (g=c)� quc

which by eliminating g=c with (23) can be rewritten as (25). From this, and combining

with (42) and (43), the case of no labor market frictions due to zero hiring costs, b ! 0,

can be seen to imply

� =
'

1 + '
;

as claimed in section 4.1.

Finally, (33) can be used to show how labor market frictions a¤ect the optimal con-
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sumption choice of the private sector:

c = ��1 (1� �) (1� bx� (1� � (1� d) + # (1� � (1� d) (1� x))))

= ��1 (1� �) (1� z �	)

where 	(�; d; #; n) = 1 � � (1� d) + #[1 � � (1� d) 1�n
1�(1�d)n ] > 0, which gives (26). In

the case of no labor market frictions due to zero hiring costs, b! 0) z = 0, this simply

yields c = ��1 (1� �), as claimed in section 4.1.

27


