Bureau
d'économie
théorique

et appliquée
(BETA)

UMR 7522

Faculté des sciences
économiques et de
gestion

Pdle européen de gestion et
d'économie (PEGE)

61 avenue de la Forét Noire
F-67085 Strasbourg Cedex

Secrétariat du BETA
Géraldine Del Fabbro
Tél. : (33) 03 68 85 20 69
Fax : (33) 03 68 85 20 70
g.delfabbro @unistra.fr
www.beta-umr7522.fr

« How can the labor market accounts for the
effectiveness of fiscal policy over the business
cycle? »

Auteurs
Thierry Betti, Thomas Coudert
Document de Travail n° 2015 — 16

Juin 2015

@ EQIEDEA‘RSIIA.II.EE UNIVERSITE DE STRASBOURG




How can the labor market accounts for the
effectiveness of fiscal policy over the business
cycle?

Thierry BETTI }
Thomas COUDERT!

June 9, 2015

Abstract

We develop a new-Keynesian model with a two-sector search and
matching labor market framework. We investigate the first and second
order effects of fiscal policy on labor market and on output. The model
includes four fiscal instruments: a labor income tax, a social protection
tax paid by firms, public wage and public vacancies. First-order sim-
ulations of the model indicate that whatever instrument is used, fiscal
expansion significantly increases total employment and reduce unem-
ployment. We explicit the different transmission channels at work.
The main contribution is to use a second-order approximation of the
model to investigate the effects of fiscal shocks for two states of the
economy: a low unemployment state (6%) and a high unemployment
state (12%). For the four fiscal instruments, response of employment
is greater when the steady-state unemployment rate is high. We also
emphasize a new channel for explaining a larger output fiscal multi-
plier in periods of economic downturn: the wage channel that plays a
crucial role for explaining the non-linear effects of fiscal policy.
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1 Introduction

Recent literature indicates that the position over the business cycle greatly
influences the size of the fiscal multiplier. Empirical studies show that the
output fiscal multiplier is in periods of economic downturn *. However, the
theoretical mechanisms behind this result still needs to be evidenced. If some
intuitive mechanism could support this result 2, explanations based on the-
oretical frameworks are still rare. The aim of our paper is to contribute to
this theoretical literature. More precisely, our analysis focuses on the re-
sponse of the labor market to fiscal policy assuming different values of the
steady-state unemployment rate, thus to different positions of the economy
over the business cycle. Especially, we attempt to show that the labor market
dynamics, and especially the response of real wage, can explain different out-
put fiscal multipliers according to the unemployment rate at the steady state.

Sims and Wolff (2013) and Michaillat (2014) have attempted to investi-
gate the non-linear effects of fiscal policy theoretically. Sims and Wolff (2013)
investigate in a standard DSGE model the effects of fiscal policy on private
consumption for different positions of the economy over the business cycle.
Since a first version of their model does not include investment, the size of the
multiplier (around 1) only depends on the response of private consumption.
After the estimation of the model at the first-order, authors compute the
output fiscal multiplier for each position over the business cycle. Their main
finding is that the marginal utility of consumption is greater during economic
downturn ( of consumption is lower), thus the crowding-out effect of public
spending on private consumption is reduced. This explanation of a greater
fiscal multiplier in the trough of the economic cycle is an interesting first step.
However, other aspects of an economy in a period of economic downturn must
be taken into account, includind the presence of non-Ricardian households
3 or the potential different dynamics of the labor market. Michaillat (2014)
focuses on the response of the labor market following a rise in public employ-
ment in a DSGE model with a search and matching labor market. The main

!See Auerbach and Gorodnichenko (2012) and Creel et al. (2011) among others

2We could expect a higher price stickiness during economic downturn that produces
greater real effects of spending expansion or a higher share of non-Ricardian households
that diminish the crowding out effect of public consumption on private consumption.

3See for instance Coenen and Straub (2005) for discussions about the impact of the
presence of non-Ricardian households on fiscal multipliers.



result is that when the unemployment rate is high (8% in the paper), a rise
in public employment has a greater effect on total employment than in the
case of a low unemployment rate (4%). By construction the model produces
a crowding-out effect of public employment on private employment, as has
been shown in empirical studies and notably in Ramey (2011). In Michail-
lat (2014), the crowding-out effect is based on a lower pool of unemployed
searching for a job in the private sector following the rise in public vacancies.
When the pool of job seekers is high at the steady state, this crowding out
effect is then lower. However, the author does not consider the role of the
wage channel since the real wage law of motion is assumed as exogenous.

Our work follows Michaillat (2014) by focusing on the effects of fiscal
policy on the labor market according to the steady-state value of the unem-
ployment rate. In comparison to this paper, we introduce a Nash efficient
bargaining process that determines the law of motion of real wage. This
is of first importance since our main result is based on the response of the
real wage. Also, Michaillat (2014) introduces only non-Ricardian households
while we introduce both optimizing and hand-to-mouth households. More-
over, we show that the introduction of Ricardian households is necessary to
produce higher output fiscal multipliers.

In this paper we construct a new-Keynesian model with a search and
matching framework for the labor market. Workers can find a job in both
the private and the public sector. Our modelling of the dual labor market
is close to other papers like Afonso and Gomes (2014) and Briickner and
Pappa (2012). Four fiscal instruments are introduced: a labor income tax,
a social protection tax paid by firms, the public wage and finally the public
vacancies. The first part of the paper is dedicated to analyzing the effects
of these four fiscal instruments on the labor market. To achieve this inves-
tigation, we use a first-order approximation of the model. A main result
is that the four fiscal expansions generate a drop in unemployment and a
drop in private real wage, expect for the cut in social protection tax. We dis-
entangle the different transmission channels specific to each fiscal instrument.

The main contribution of the paper is to solve the model at the second-
order in order to analyze the non-linear effects of fiscal policy according to
two different steady-state levels of unemployment, in the spirit of Michaillat
(2014). A first result is that the four fiscal instruments triggers a larger rise
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in employment in the case of a high steady-state unemployment rate (12%
in our paper, in comparison with a lower unemployment rate of 6%). The
explanation for this result is close to the one highlighted in Michaillat (2014).
A larger pool of job seekers at the steady state generates more job creations
following the fiscal shocks.

This higher rise in private employment is the starting point for explain-
ing a larger output fiscal multiplier during economic downturn. This stronger
effect on employment when unemployment is high engenders a larger degra-
dation of marginal productivity of labor and then a larger degradation of
real wage. The greater drop in real wage implies a lower consumption for the
non-Ricardians. However it also implies a lower marginal cost, inflation and a
lower rise in interest rates. In this case, consumption of Ricardian households
is less reduced than in the case of a low unemployment rate at the steady
state. The total effect on aggregate demand depends on the relative strength
of these two opposite effects on private consumption. Under our standard
calibration, the higher consumption of Ricardian households prevails over the
lower consumption of non-Ricardian households. It finally induces a larger
output fiscal multiplier in the case of a high steady-state unemployment rate.

Thus, this paper attempts to offer a new theoritical explanation for vari-
ations of the output fiscal multiplier over the business cycle. Sims and Wolff
(2013) argue for a larger output fiscal multiplier during economic downturn
due to a larger marginal utility of consumption. It is important to note
that our model does not include this transmission channel. On the contrary,
the definition of steady-state values for both types of consumption implies
a lower marginal utility of consumption for the Ricardian households during
economic downturn. The wage channel we highlight in this paper is not in
contradiction with the explanation found in Sims and Wolff (2013). How-
ever, the coexistence of these two effects could partly explain the sizeable
difference found in the literature about the size of the output fiscal multi-
plier according to the position of the economy over the business cycle.

The rest of the paper is organized as follows: section 2 presents the
model, section 3 presents the calibration, the steady-state calculations and
the second-order solution of the model. Section 4 highlights the main results
of the paper and section 5 concludes.



2 Model

The model used in this paper features nominal rigidity on prices and match-
ing frictions on the labor market. Since the focus is on the effects of the public
sector on the economy, two sectors coexist on the labor market, namely a
public and a private sector. We make explicit the choice to work in the pri-
vate sector or in the public sector. Also, we introduce an efficient Nash wage
bargaining in which the public wage directly affects the determination of the
private wage and thus employment in both sectors.

The model features also a rich fiscal side, with several types of expendi-
ture/taxes in order to investigate the second-order effects of fiscal policy on
the labor market according to the fiscal tool considered. On the expenditures
side, we consider the effects of a rise of the public wage and of the public
vacancies. On the taxes side, we investigate the effects of a labor revenue tax
cut and a social protection tax cut.

2.1 Definitions and the matching process
Let us first define the non-employed pool 1 — (1 — p) Ef*" such as:
1= (1= ) = Uy + pEi™, 2.1)

where E!°" denotes the employed workers and U; the pool of unemployed
workers. The destruction rate p is assumed to be exogenous.

Moreover, the pool of job seekers S; is expressed as
St = Ut -+ pE;/Ot. (22)

Also, in the spirit of Trigari (2006), assuming that a new job becomes
productive only in the following period and assuming that a match can be
instantaneously broken, employment in a particular sector E! can be ex-
pressed as:

By = (1= p)Ei_ +pi_i(1 = p)Si1, (2.3)

with ¢ = p, g that denotes both the public and private sectors. These defini-
tions are common to both sectors. The job-finding probability in the sector



i, pi, is defined later on. With these definitions, it is important to note that
total employment is a predetermined variable.

Finally, the dynamic of job seekers is given by

Sy = (1 - 77?71 - pffl)St—l + P(pffl +ptgfl)5t—1 + IO<E§:1 + Etgfl)' (2‘4>

According to equation (2.4), the number of job seekers in the current pe-
riod is equal to the number of job seekers who did not find a job either in the
private sector or in the public sector in the previous period plus the number
of job seekers is increased by the number of jobs which are destroyed in the
previous period. Finally, we assume that there is a kind of trial period: a
worker can match a firm in the beginning of the period but the relationship
can be broken at the end of the period exogenously.

Let us now define the matching process occurring on a specific labor
market, such as:

M} = ri(S)? (V)9 (2.5)

where ! denotes the matching technology in a particular sector while i de-
notes the elasticity of employment for a supplementary unemployed worker.
V! is the number of vacancies in the sector i.

We can therefore set the following usual definitions:

. M
. M}
and ¢, = Vf (2.7)
t

with p! the job finding probability in the sector i as previously introduced;
q is the probability for a firm to fill the posted vacancy.

The labor market tightness (LMT thereafter) can be defined as

g = L ==L, 2.8
! Sy q ( )



2.2 Households’ decisions

In this model two different types of agents are introduced. We assume a
share p of non-Ricardian (hand-to-mouth) households and a share (1 — u) of
Ricardian households. The difference between both types of households is
their ability to participate in financial markets. Non-Ricardian can neither
loan nor save so that they simply consume their disposable income in each
period. On the contrary, Ricardian households can hold a riskless asset that
allows them to optimize their consumption inter-temporally. Also, Ricardian
households invest in physical capital that they then loan to firms. Both types
of households formulate similar labor market decisions.

2.2.1 Ricardian households

A representative Ricardian household maximizes its lifetime utility and its
utility function is defined as:
(Cp —HCp )~ 1

1—o0,

U’(Ofa to—la Gta eit) =

+ M°(ejt) (2.9)

where C7 denotes consumption of Ricardian households. Additively separa-
ble preferences of consumption and labor are introduced in an usual manner
with o. the inter-temporal elasticity of substitution for consumption. The
consumption decision is subject to a degree H of habit formation. The func-
tion M°(e;;) represents the amount of leisure in terms of utility with regard
to the presence of the household member on the labor market.

Following Ravn (2005, 2008), e;; with j = n,u,l denoting the level of
leisure according to the status of the household on the labor market i.e. e,
for an employed worker, e,; for an unemployed worker and e;; for an inactive
household such as:

et =1—h—s, (2.10)
et =1— 3, (2.11)
e = 1, (2.12)

where h denotes hours worked that we assume as exogenous and s a fixed
cost in the participate to labor market.



We consider the case of a representative worker in the spirit of Merz
(1995), so that the function M°(e;) contains the different possible statuses
of a worker on the labor market, such as:

EP + EP)(1—h— 81+ 521 — )7+ (1 — (B + EYY) — S°)]

Mo(ey) - I o=

(2.13)

where —1/( defines the Frisch elasticity of labor supply and S is the share
of Ricardians seeking employments in period t. E;” denotes employment of
Ricardian households in the private sector while E}Y denotes employment of
Ricardian households in the public sector.

The optimization problem for the representative Ricardian household is
expressed as:

tax g0 10 Ly Z ﬁsu(cto+57 Cto—u_sa Gits, et+s)~ (2.14)
et s=t

C?,K?,By,E?
subject to
B R, {B;_
(14+79C0+ =L+ 12 < RF K, 4+ =221 4 p(89)
P, P,
+(1 =) WPREY + WhE®] (2.15)
Ky =(1—6"Ky  +[1—A(IY/I? )T (2.16)
EP =1 = p) B +p (L= p)S7y (2.17)
Etog =(1- p)EtOill +p§—1(1 - 0)55—1 ( )
Sy = (1 - Pﬁﬂ - pf—l)sffl + P(p?fl + pf—l)sffl + P(Etog + Efgﬁ ( )

that can be reduced to the following Bellman equation:

o (o) o o\ __ (Cz) - HCtofl)l_Uc ngtliac - 1
Qt(Kt7Et7Bt7‘[t) _Cf,Kf:Egltoa:;i),Bt,It{ 1_O_c + 1_0_c
N (B +Ef)1—h—s)""C+S(1—s)""C+ (11— (E”+E”)—S))] }
1—¢

_’_ﬁQ?—&-l (Kf—l—lv EtO—H? Bt) ]to)a
(2.20)



subject to the previous set of constraints with § the discount factor. Equation
(2.15) is the budget constraint for the household. The optimizing household
has access to perfect financial markets and can thus hold a riskless asset
B;. Furthermore, the household invests I in physical capital K} and loan
it to the firms at a rate RF. §* defines the depreciation rate of capital, R;
the nominal interest rate equals to %3 at the steady state and b the unem-
ployment benefits. W/ and W} are the real wages respectively in the public
and the private sector. P, defines the consumer price index (CPI there-
after). We note the appearance of two taxes, a constant VAT 7¢ and a labor
revenue tax 7;*. Equation (2.16) represents the law of motion of capital ac-
cumulation. We introduce an adjustment cost to investment changes with
A(I /1P ,) = §(I2 /17y — 1)? similarly to Christiano et al. (2005) or Smets
and Wouters (2007) among others with x a constant cost associated to in-
vestment decisions.

First order conditions with respect to respectively C?, By, I?, K?, E”,
E}? and S yield:

[CF — HCY ™7 = BHEA[CY,, — HCY™7}

Ao — 2.21

t 14 7¢ ( )
) )\rio

A= rtﬁEt{ t“}, (2.22)
Tt41

with 711 = pii1/pe defining the CPI inflation rate.

1L = Qt[l_A(It/[tflﬂ (2.23)
Qi = BE, [iﬁ%[u—m@mmﬂ (2:24)

1—(1—h—s)t¢
1-¢
HBE(1 — p)(A\gh — Aoy) + A% (2.25)

AP = (1 — 1) ANOWPh —

1—(1—h-—s)t=¢
1—¢
HBE(1 = p) (AT — Aey) + Ao (2.26)

)\tEog — (1 - Ttw)/\:iOthh _
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1—(1—s)¢
1-¢

+(1 = pf = p)BEN] + p(0} + p])BEN: ]

+(1 = P)BEPINLT + PN

Ape = bA —

(2.27)

with A7 the marginal utility of consumption for Ricardians, )\f °? the marginal
utility of working in the private sector, )\tE °? the marginal utility of working
in the public sector and Af the marginal utility to be currently a job seeker.

Equation (2.25) defines the value of a job for a Ricardian household in
the private sector while equation (2.26) determines the value of a job in the
public sector. Also, equation (2.27) determines the decision for a Ricardian
worker to participate in the labor market.

2.2.2 Hand-to-mouth consumers

Non-Ricardian households do not maximize consumption inter-temporally
and then simply consume their disposable income in each period. For a
representative non-Ricardian household, net VAT consumption is given by:

(147°)Cr = (1 — 72)[W/hEY + WPRE?] + bS! (2.28)

with C} the consumption level for non-Ricardians. The choices made by this
class of households concerning the labor market is similar to the Ricardian
case.

Similarly to Ricardian households, the utility function for this class of
households is expressed as:
(G~ HCL )" =1 GG

1—o0, 1—o0,

uw(Cy,Cf_1, Gy ey) =

+ M7 (ej) (2.29)

with
B+ Ef)(1—h =) +5/(1 =) + (1 = (B" + EY) = 57)]
1—¢

M (en) = [(
(2.30)



The corresponding Bellmann equation and constraints for this optimization
program is therefore:

ro__ l—0o.
(2} = max {<Ct HCi)
ST.ET.EY 1—o0,
+[(E’Z"p FE)(1=h—5)'"+ 51 =)+ (1 - (E"+E’—5])
1-¢
+B80 11
(2.31)
s.t.
(1 + TC)C[ < (1 — T;”)[thhE[g + thhE[p] +0S; (2.32

E:p =(1- p>EtT£1 "’Pf—l(l —p)Siy
E:g = (1 - P)Eﬁl +ptg—1<1 - p)SLl
S = (1- pg—l - pi’_l)SZ"_l + p( t—1 +pf_1)5§_1 + P(EZ—IH + Egﬁ

First order conditions with rapport to E;*, E;Y and S; yield:
1—(1—h—s)t=¢

1-¢
HBE(1 — p)(NTT — N1y) + A (2.36)

AP = (1= 1)\ WPh —

. 1—(1—h—s)¢
)\tErg — (1 _ T;U))\:thgh _ ( 8)

1-¢
EJ(1 — p)(NFre — \Sr ) 4 A5 2.37
+0 t[( p)( t41 t+1) + t+1] ( .37)
rir 1—(1- S <

+(1—pp — pf)ﬁEt[)‘fh] + p(p] + pg)ﬁEt[)‘f—iil]
+(1 = p)BEDINT + PIA]
(2.38)
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with )\tE "7 the marginal utility of working in the private sector for a non-
Ricardian household, )\f " similarly in the public sector and )\fT the marginal
utility for a non-Ricardian to seek employment on the labor market.

Equation (2.36) defines the value of a job in the private sector for a
non-Ricardian household while (2.37) defines the value of a job in the pub-
lic sector. Also, equation (2.38) relates to the decision of a non-Ricardian
worker to seek a job.

Even if non-Ricardian households do not maximize consumption inter-
temporally, maximization of (2.31) with rapport to C} allows to obtain their
marginal utility of consumption such as:

(Cf — HCP )™ — BEH(CY,, — HCY)™]

)\rir —
t 1 + TC

(2.39)

2.3 Firms

For the purposes of the model, we need to introduce three kinds of firms as in
Trigari (2006). First, some firms we refer as "producers" produce goods with
labor and private capital in a competitive environment. The producers then
sell their aggregate goods to "intermediate firms", transforming the aggregate
good on a continuum of differentiated goods in a monopolistic competition
environment. The intermediate firms are the price-setters and set their opti-
mal price subject to nominal rigidity as in Calvo (1983). Finally, a continuum
of "final goods firms" in a competitive environment purchase the differenti-
ated intermediate goods and package them to sell it to consumers. This
dissociation between producers and intermediate firms is necessary because
introducing the price-setting at the producers level would greatly complicate
the decision of these firms on the labor market. However, this simplifying
assumption has no important consequences either on the price dynamic or
on the labor market dynamics?.

“For more details, Christoffel et al. (2009a) made a survey on the implication of this
assumption. In the spirit of Kuester (2010), Sveen and Weinke (2007) and Thomas (2011),
Christoffel et al. (2009b) demonstrate that the dissociation assumption not only has no
spurious consequences but also helps the standard Keynesian model to match stylized facts
in terms of inflation reactions to monetary shocks.
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2.3.1 The producers

Since the producers evolve in a competitive environment, they all behave
similarly and we can consider the following optimization program with a
representative firm, such as:

max Eo Y Bu{Y — RIK, — (1+ 7" )WPER — 6"V} (2.40)
t=0

Ke,EP,V,
s.t.
Yo = g (KL)[K]*[EPR) (2.41)
Ef = (1-pEl +a¢ 1V (2.42)
where 7,7 in equation (2.40) denotes a tax on labor paid by the firms for

10
security protection purposes. The discount factor is f; ;11 = 8 )\?j. More-
over, the producers take the probability of filling a vacancy ¢ as given. V;
denotes the vacancies posted by the producers and " the unitary cost of
vacancy posting. We assume that the accumulated capital becomes effective
for production after one quarter K, = K,_;. The Total-Factor Productivity

(TFP thereafter) € is driven by the following AR(1) process

A A Pe
C) = () eanten)
6? €SA t/)

where €2 stands for the TFP at the steady-state, exp(c?) is a iid exogenous
disturbance and p. the duration of the shock.

Equation (2.41) represents the production function of the representative
producer. Equation (2.42) represents the dynamic of employment in the pro-
ducers’ point of view.

The problem (2.40) can be represented as a Bellman equation such as:

/\rio
V() = max {Y; — RFk, — (1 + 7P)WFPEPh — £'V, + B2V (Q0)}

ke, EP Vi AL

(2.43)
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Under the free entry condition, the first order conditions with respect to
vacancy posting and employment yield:

10

KY E
g = ﬂt,tﬂ %)‘t-&fl <2'44>
\ . )\,M-O
)\ff = (1- a)E—; —(1+7")WPh+ (1 - p)ﬁt,m/\%)\ﬂl (2.45)
f t

Equation (2.44) defines the value of a posted vacancy and (2.45) the value
of a job for a producer.

Cost minimization subject to equation (2.41) implies the following factor
demand conditions,

aY,
RF = Etmct (2.46)
Y,
r, = (1- a)mctTt — (1+7")Wkh, (2.47)
EPh

where mc; represents the level of producers’ marginal costs. Equation (2.46)
characterizes the demand of capital by the producers and equation (2.47)
defines the marginal cost of labor z;.

2.3.2 Intermediate firms, final goods firms and Calvo price-setting

There is a continuum j of intermediate firms that purchase the homogeneous
goods from the producers at their marginal cost since the producers are in a
competitive environment. The intermediate firms then transform the homo-
geneous goods on a continuum j of differentiated goods and sell them at the
final goods firms.

Final goods firms produce a package of the intermediate differentiated
goods according to:
€
el Je-1

1
V= | [ v a] (2.48)
0

13



where ¢ is the elasticity of substitution across intermediate goods. Demand
for each intermediate good is of the form:

P\ °
¥ = (?) Y, (2.49)
with the following definition for the CPI F;:

1
1 i—
P, = {/ letedj} , (2.50)
0
and with Pj; the price of good j in the period ¢.

Following Calvo (1983), intermediate firms are allowed to re-optimize
their price only with a probability 6, € [0,1) in each period. This probabil-
ity is assumed to be independent from the re-optimization decision taken in
the last period.

Intermediate firms seek to maximize their lifetime profit according to their
own price level such as:

0 )\Tios P
By Z(ﬁ@))s% {?J: - mCt+51 Yjivs (2.51)
k=0 t s

subject to the demand function expressed in the equation (2.49). The first
order condition yields:

10

oo )\ S
E; Zs:o(ﬂep)si [m0t+spt€+sYt+s]

P]*t = 1 )\t /\Tio (252)
€ — - o
Et ZS:O(BQP)S )\trJiro [PtJrsl)/t—I—s]
t
where ij'; is the optimal price of the intermediate firm 7 and c . the desired
6 J—

(natural) mark-up. The law of motion for aggregate prices is given by

1

P=[1- ep)Pt*l_e + epptl:la]g- (2.53)

Equations (2.52) and (2.53) yield the New-Keynesian Phillips Curve once
log-linearized and after some mathematical rearrangements.

14



2.4 Wage bargaining

Following Stéhler and Thomas (2012) the union utility corresponds to the
mean of the surplus on employment of all its members. With u the share of
non-Ricardian households, let us express the union utility T, as:

Y= (1= @) = AF] 4+ pA = A7) (2.54)

Let us now describe the surplus for both sorts of households. The surplus
for a Ricardian household to stay employed and accept the wage level agreed
during the wage bargaining rather than seek for a new job in both sectors is,
after some re-arrangements and calculations:

(1—h—s)t¢—(1-s)t¢
1-¢
+HBE(1 = pe) (1 — p)(Aeh — Ay) — (1 — p)(NFL — Arsy)] (2.55)

and for the non-Ricardian workers:

AP = AP = (1= 7AW h — Aj°b +

(1—h—s)!¢—(1-s)¢
1-¢

BB — p)(1 = p)(Afs — Ay) — (1 — p) (AT — A1) (2.56)

AT =N = (L= i )NTWER = ATh +

2.4.1 Nash product and efficient bargaining

Under the free entry condition, the Nash product can be expressed as:
No= 19N, (2.57)
with 7 the union bargaining power.

In the case of efficient bargaining, firms and union jointly determine the
real wage but not the hours worked in our model since we assume them as
exogenously fixed.

Maximization of the Nash product with respect to the private real wage
leads to the following optimal rule for the surplus allocation:

o,
Tow?

— NS

E
Atf:(l_,r]) @Wp
t

T, (2.58)
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After several calculation steps (fully described in appendix C.4.1), we finally
obtain this rule for the private real hourly wage (net of the income tax):

—a)(l-7") Y,
(1 +7'tsp) EY
(1—s)—(1-h- 3)14)}
(L= QA" + (L= A
(1- Ttw—&-l) r

+n(1 — p)E; {5t,t+1 [1 - (1- pf)m/\tﬂ] )\ﬂl}
t+

H(1 =) (1 = PP BEIANTS — Nr) + (1= A (g — M),

1
(1= )Wk =

+(1—mn) {b+

(2.59)

PA

with A, = , .
LT (L= A

the relative part of non-Ricardian consumers

AT 4+ (1= A

in the consumer pool and A, = . —
P+ (1 — ) A

2.5 Monetary and fiscal policies

In each period, the monetary authority set the nominal interest rate accord-
ing to the following standard Taylor rule:

R, R o Y, o <7Tt>aﬁ

L _ _ —= 2.60
(7)) () G 2o
with " the degree of inertia of the nominal interest rate and a¥ and o™

the relative weights given by the monetary authority to the stabilization of
output and inflation.

The budget constraint in each period for the government equals to:
7,Cy 4+ (1 + 7Y (WP EPR) + Dy = WYE/h + C9 + I + bS, (2.61)

The government is allowed to create a deficit D, to finance supplementary
expenditure or deterioration of the tax bases. 19 denotes public investment.

Public wage and public vacancies are considered as an AR(1) process such
as:
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where p? denotes the duration of the shock. The term &; is the white noises
associated to the shock.

Each tax is also considered as an AR(1) process such as:

w w p?
— T 2.64
- (ﬂ)em@) (2.64)
sp sp \ P?
T Ti—1 TSP
_ 2.65
5P ( 5P ) exp(§77) ( )

2.6 Aggregation and market clearing

In order to clear the model, total demand addressed by both government and
households to firms is expressed as:

Given the previous description, aggregation yields
E°* = EV+EY, (2.67)
B = (1—w)BEY + By, (2.68)
E} = (1—p)E" + pE?”, (2.69)
Sy = S;+ 5] (2.70)

3 Calibration, steady-state calculations and second-
order solution

We calibrate our model to a quarterly frequency. Some parameters are cho-
sen so that long-run targeted values are reproduced. Table (1) presents the
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baseline calibration for the households’ preferences and for the firms’ pro-
duction function. Table 2 presents the baseline calibration for the fiscal and
monetary policies and for the labor market.

The time-discount factor (8 is set to 0.997 in order to match an average
annual real rate of 3%. According to Chetty et al. (2013) and to Peterman
(2012), we set —( to 1/3 in order to match the macro estimates of the Frisch
elasticity. This parameter is slightly higher than the calibration chosen by
Smets and Wouters (2007) which is around 2. Following Smets and Wouters
(2003) and Stéhler and Thomas (2012), we set the value of the risk aversion
coefficient to o, = 2. Knowing that we set h = 0.33, we set the value of the
fixed cost of participating in the labor market to s = 7.5% of the time en-
dowment. This value is halfway between Burnside and Eichenbaum (1996)’s
value and Ravn (2005)’s value which are respectively equal to 5% and 9.9%
of the time endowment. Following Smets and Wouters (2003) and Stéhler
and Thomas (2012), we set H = 0.85.Finally, we set y = 0.3 which is quite
similar to the choice made by Coenen and Straub (2005).

Regarding the monetary policy’s parameters, we set the coefficient re-
sponse to the output gap and to inflation to the respective values a¥ = 0.5
and o™ = 1.5 as in Clarida et al. (2000) and Trigari (2006). The nominal
interest rate smoothing coefficient is set to " = 0.8 as in Christoffel et al.
(2009a).

Following Stdhler and Thomas (2012), we set the public sector capital
influence in the private production of = 0.015, the adjustment cost param-
eter k = 2.48. The share of the public sector in the whole economy is equal
to fracpub = 0.19. Following Afonso and Gomes (2014) and Stdhler and
Thomas (2012), we set the elasticity of matches to unemployment in the
public sector @9 = 0.3 in order to give greater importance to vacancies in
the public sector. However, the elasticity of matches to unemployment in
the private sector is equal to ¢ = 0.5. Finally, in order to satisfy the Hosios
(1990) condition, we set the bargaining power as equal to the elasticity of
matches to unemployment in the private sector.

Regarding the production side, we set the elasticity of substitution be-

tween differentiated goods at ¢ = 7 in order to obtain an optimal markup
of around 17%. The depreciation rate of capital is set to 6* = 0.025 just as
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in Moyen and Stéhler (2010) and Stéhler and Thomas (2012). The private
sector capital influence coefficient follows the choice of Moyen and Stahler
(2010) and it is set to a = 0.3.

Table 1: Parameters and their calibrated values I

Preferences
15} 0.997 Time-discount factor
—C 1/3  Reverse of Frisch elasticity
o¢ 2 Risk aversion
h 0.33  Worked hours
S 0.075h  Fixed cost of participating
in the labor market
H 0.85  Degree of Consumption habits
1 0.3 Share of non-Ricardian workers
in the economy
Production
€ 7 Elasticity of substitution of goods
oF 0.025 Depreciation rate of capital
Q@ 0.3 Private sector capital influence
KY 0.2 Vacancies posting costs

Regarding the long-run targeted values table 3 presents the different
choices.
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Table 2: Parameters and their calibrated values 11

Monetary Policy

a” 0.8 Interest rate smoothing

oY 0.5 Response coefficient to the output gap
a” 1.5 Response coefficient to inflation

Fiscal Policy

il 0.6  Duration of the fiscal policy shock

Labor market and wage bargaining

K 2.48 Adjustment cost parameter

i 0.5  Workers’ bargaining power

p 0.06 Job destruction

P 0.5  Elasticity of matches to unemployment
in the private sector

@I 0.3 Elasticity of matches to unemployment
in the public sector

fracpub 0.19 Share of the public sector

in the whole e conomy

Table 3: Targeted Values

Ty 1 Inflation

Ds 1 Prices

Y, 1 Output

c9 0.2 Public Consumption
9 0.03 Public Invesment

b 0.3Y; Unemployement benefit
7¢  0.20 VAT

7 0.16 Income tax
TP 0.16 Social Protection tax
Us 0.08 Unemployment

¢ 0.7 Job filling probability in private sector
¢ 0.8 Job filling probability in public sector

4 The effects of fiscal policy on the labor mar-
ket and output

We simulate the model with all fiscal shocks in turn. We begin by using a
first-order approximation of the mode2®n order to emphasize the transmission



channels of the different fiscal instruments. Also, in the case of the public
wage, we compare our results with those of Afonso and Gomes (2014). Then,
the model is solved at the second-order in order to analyze the effects of the
different fiscal shocks according to two steady-states for the unemployment
rate. The low unemployment rate state consists in U, = 6% while the labor
market in bad times is represented by U, = 12%.

4.1 Effects in normal time

The IRFs of the first order are presented in appendix A and B.

4.1.1 Public wage expansion financed by debt

A rise in W has a direct positive impact on consumption of non-Ricardian
households. This effect is amplified by a rise in employment. On the other
hand, we observe a drop in private real wage that produces downward pres-
sures on non-Ricardian consumption. However, total response is unambigu-
ously positive.

Output thus increases right at the moment of the shock. However, the
rise in prices generates higher interest rates that progressively crowds out
Ricardian consumption and investment. This crowding-out effect on private
activity produces a negative response of output in the mid-term, as shown
in the IRFs.

In contrast with Afonso and Gomes (2014), a rise in public wage produces
a drop in private real wage and a rise in employment. In Afonso and Gomes
(2014), authors explain higher private real wage through three different chan-
nels. First, a higher public wage increases the value of being unemployed,
and we also share this channel. Secondly, their model generates a rise in
marginal productivity of labor which creates upward pressures on private
real wage. In our model, marginal productivity of labor clearly decreases
due to a negative total effect on output and a clear rise in employment. This
important aspect partly explains the different dynamics of private real wage
produced by our model following a rise in public wage. Thirdly, Afonso and
Gomes (2014) assume that the wage bill is entirely financed by a rise in labor
income tax. The authors argue that this rise in the labor income tax has
contradictory effects on real wage. In this simulation, we assume that the
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supplementary spending is financed by debt. Indeed, in our model, all things
being equal, an increase in the labor income tax triggers a raise in private
real wage. Thus, introducing the labor income tax as financing the wage
bill puts upward pressures on private real wage. For comparison purposes,
we simulate a scenario similar to the one in Afonso and Gomes (2014) by
replacing equation (2.64) by:

7(C0 + OT) + TPWPEPh + TP EPWPh = C9 + 19 + (1 — 72) (WP ESh) + bS,
(4.1)

In equation (4.1), we assume that 7¢ and 77 are constant. In this case,
the degradation of the public deficit is totaly counterbalanced by a raise in
the labor income tax.

As shown in appendix A, our model reproduces similar results in this case.
Employment falls, unemployment rises and private real wage increases. We
conclude that the rise in private real wage following a rise in public real wage
strongly depends on the assumption made about the financing. As shown
before, in case of a debt-based public wage expansion, our model produces a
clear decrease in private real wage.

4.1.2 Public vacancies expansion

Following Michaillat (2014), a rise in public vacancies triggers a positive
effect on total employment despite a crowding-out effect on private employ-
ment. The hiring of job seekers by the public sector increases the labor
market tightness and thus triggers less job creation in the private sector.
Since in our model a rise in public vacancies is wasteful (the public sec-
tor is unproductive), the effect on output is clearly negative because of a
crowding-out effect on Ricardian households’ consumption since real interest
rate increases. Consumption of non-Ricardian households increases with the
rise in total employment despite the decrease in real wage. For the first few
periods, the response of output is positive, thanks to a rise in private invest-
ment. This rise in aggregate demand triggers a rise in private employment.
However, after few periods the crowding-out effect of public employment on
private employment prevails over the positive effect induced by the aggregate
demand.
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4.1.3 Labor income tax cut

First, the cut in the labor income tax yields a drop in private real wage.
This drop can be explained thanks to a direct impact of the labor income
tax on the wage dynamic. Indeed, the drop in the labor income tax increases
the match surplus going to the worker. In the bargaining process, it puts
a downward pressure on private sector wage. It induces a raise in private
sector employment. Also, marginal productivity of labor is reduced, which
causes additional downward pressures on private sector wage.

Following the increase in private employment and despite the drop in pri-
vate sector wage, consumption of non-Ricardian households increases. With
a rise in inflation and interest rates, Ricardian consumption drops and this
crowding-out effect triggers a drop in output at the mid-term.

4.1.4 Social protection tax cut

Following the cut in social protection tax, the match surplus going to the
firm hikes which induces an upward pressure on the private sector wage.
As a consequence, consumption of non-Ricardians rises. There is a limited
crowding-out effect on Ricardians consumption. On the labor market, the
decrease in 7,” rises directly the present and future value of a job for firms.
The marginal productivity of labor decreases slightly but the response of pri-
vate real wages remains unambiguously positive. Employment in the private
sector increases while in the public sector the rise in private real wages and
the drop in unemployment reduce employment. However, total employment
increases strongly.

4.2 What impact over the business cycle?

For all simulations in this paper we use the Dynare program created by the
CEPREMAP team. The algorithm used by Dynare for the second order ap-
proximation of our model is very close to the one developed in Schmitt-Grohé
and Uribe (2004). In addition, the simulations are done by using the prun-
ing method®, in order to avoid triggering polynomials of increasing degrees
when simulating the model. The IRFs of the second order simulations are

®See for instance Lombardo and Uhlig (2014) for a presentation of the pruning method.
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presented in appendix C.

For all the fiscal shocks considered, we find a similar result: fiscal policies
have a greater effect on employment, unemployment and output in the case
of the high steady-state value for the unemployment rate. As we will see
throughout this section, these results are driven by two main elements: a
wider pool of job seekers and the crucial role of the wage channel.

The wage channel: The starting point is that with a higher unemploy-
ment rate (Us = 12%), the pool of job seekers is wider at the steady state. In
the case of expansionary fiscal shocks, the rise in private vacancies generates
more matches when the initial pool of job seekers is wider. This channel is
very close to the result expounded by Michaillat (2014).

From then on, since employment increases more when U, = 12%, all
things being equal, marginal productivity of labor also decreases more sharply.
Indeed, even if the better response of output when U, = 12% eases this chan-
nel, the response of marginal productivity of labor remains stronger when
unemployment is high. It causes larger downward pressures on real wage, as
shown in the IRFs.

Effects on output fiscal multipliers: Moreover, the wage channel is a
crucial element for understanding and comparing the response of output ac-
cording to different steady-state unemployment rates. We now explore the
conditions under which we obtain a better response of output in the case of
a high unemployment rate, thanks to a higher degradation of real wage .

First, except for the social protection tax shock, the greater degradation of
real wage when Uy = 12%, principally driven by the decrease in productivity,
has a direct negative effect on consumption of the non-Ricardians. Indeed,
non-Ricardian households’ consumption increases more when U, = 6% than
when U; = 12%. The case for the social protection tax shock is different
in the sense that a decrease in the social protection tax produces a positive
response of private wage. However, this positive response is larger when un-
employment is low than when unemployment is high so the non-Ricardian
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households’ consumption reacts in the same way as previously.

The consequence of the previous result is the following: if our economy
were composed only of non-Ricardian households, like in Michaillat (2014)
for instance, our model would produce higher output fiscal multipliers with
the low steady-state unemployment rate. In that sense, we need to introduce
Ricardian households to produce higher output multipliers at the bad state
of the economy. As observed in the IRFs, consumption of the Ricardians is
higher when the unemployment rate is high, which produces better output
fiscal multipliers. This is due to the greater degradation of real wage, causing
lower inflation pressures for the firms and thus, a lower rise of the interest
rate in the medium and long term.

Thus, when U, = 12% the larger negative response of real wage produces a
higher response of Ricardians’ consumption but a lower non-Ricardians’ con-
sumption, in comparison with the simulations when U, = 6%. Total response
of aggregate consumption and output depends on the strength of these two
opposite effects and of the relative share of both types of households in the
economy. With a share of non-Ricardians in line with previous estimates®,
that is p© = 0.3, the response of aggregate demand is better when the unem-
ployment rate is high. With this model calibration, the positive effect of a
lower inflation on Ricardians’ consumption when the unemployment rate is
high prevails over the weaker response of non-Ricardian’s consumption due
to a greater degradation of real wage.

It is important to notice that the more positive response of consumption
of the Ricardians is not due in our model to a higher marginal utility of
consumption in economic downturns, as this is the case in Sims and Wolff
(2013). The authors highlight this transmission channel for explaining dif-
ferent output fiscal multipliers over the business cycle. This is not the case
in our model according to the definition of the steady-states. The value of
Ricardian consumption at the steady state is obtained residually with the
steady-state value of non-Ricardian consumption such as:

Os_:uog
I—p

6See for instance Coenen and Straub (2005)

Co =

S

, (4.2)

25



whith C¢, CF and C respectively the steady-state value of Cy, C} and Cj.

The steady-state value of non-Ricardian consumption is larger with Uy =
12% since real wage is larger than unemployment benefits at the steady state.
It triggers a higher marginal utility of consumption for this class of house-
holds but it has no impact on their consumption behavior since they simply
consume their disposable income. However, a lower level of consumption at
the steady state for the non-Ricardian households implies a higher consump-
tion for the Ricardians.

5 Conclusion

This paper attempts to investigate the non-linear effects of fiscal policy over
the business cycle with a focus on the labor market. A first part of the results
section is dedicated to the analysis of the effects of different fiscal instruments
on the labor market and on output. We use a first-order approximation of the
model in order to disentangle the main transmission channels at work. The
main result is that all fiscal instruments increase employment and decrease
unemployment. Also, response of output is positive in the short term but
negative in the medium term because of a strong and permanent crowding-
out effect on Ricardian consumption.

Using a second-order approximation of the model, we show that all fiscal
shocks are more effective when the steady-state unemployment rate is high:
both employment and output increase more. Following Michaillat (2014),
the stronger effect on employment is due to a larger pool of job seekers when
the shocks occur. We then investigate the assumptions needed to produce a
better response of output. In our model, if we introduced only non-Ricardian
households, the output fiscal multiplier would be lower when the unemploy-
ment rate is at 12%.

The introduction of Ricardian households is necessary to produce a higher
output fiscal multipliers as explained in the results section. However, the
transmission channel is very different from the one in Sims and Wolff (2013).
In our model, it is the wage channel and a lower rise in interest rates that
produce the larger output fiscal multiplier during economic downturn while it
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is a higher marginal utility of consumption during bad times that mitigates
the degradation of consumption of the Ricardian households in Sims and
Wolff (2013). On the contrary, our definition of the steady states triggers a
lower marginal utility of consumption for the Ricardians when the unemploy-
ment rate is high. We can expect that when introducing a higher marginal
utility of consumption for the Ricardians during economic downturn at the
steady-state, this result would be amplified.
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A A comparison with Afonso and Gomes (2014)
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Ricardian Households' Consumption Non-Ricardian Households' Consumption
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C The IRFs for the different shocks over the
business cycle

C.1 The Public Wage Shock

Private Wage

Ricardians' marginal utility of real income

Non-Ricardians' marginal utility of real income
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C.2 The Wage Tax
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Deviation rom steady-state

Deviation rom steady-state

Deviatin from steady-state:
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C.3 The Social Protection Tax Shock

Deviation from steady-state:
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Deviation rom steady-state
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Deviation rom steady-state
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C.4.1 Wage equation calculation

Given that

oY,
OW?

and

= (1= m) (1 = )N h + p(L = 7")A"h,

orrs
oW?

=—(1+7")h,

43

T T
B 0

We start from the surplus’ optimal sharing rule given by the equation (2.58).

(C.1)



and after giving to Y, and )\f " their respective value described by equa-
tions(2.54) and (2.45), (2.58) yields

[(1 — 1) (1= 7N 4 (1 — 7 )A

{ (1—a) L+ 7" YWPh+ (1 — )5t,t+1)‘£rf1]
_ {M [ )\TZTth )\TWb
(1—h—s)1 C—(1—s)t¢

1-¢

+BE: |(1= )(1 = YN = X)) = s (1= )T = AT

(1—h—s)t¢—(1-s)t¢
1-¢

+BE: (1= p)(1 = YN = Ne20) = o (1= p)NEE = AT |

+(1 — p) {(1 — TN WP R — ATb 4

& (L+77) 1 = ) (A" + (1= A )WEh

(1 — A (1 ey | LY g p)ﬁt,mffl]
1—s)tC—(1—-h- 3)1_1

Ly
HL= (L) [ 4 (1= AT+ T
—(1 =)@+ 7)1 = p)(1 = p})BE[Tes1]
(1 =)L+ 7)1 = PP BE[NE — A + (L= )N = AF)]
Moreover, since equation (2.58) yields

(1= 745 (A + (1 — M)A;iol))\Ef
(I+77) e

5Et[Tt+1] = %Et |:ﬁt,t+1
n)

1
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we finally obtain
& (L7371 =) (A" + (1= AT YWD
1

= (1= 7+ (1= ) | S 4 S Bl
(1—s)t" C—(l—h—s)l 3
1-¢
—M1+f%u—p%u—pwrp L= T8) i o (1= AN
t t t t,t+1(1+ ) 1 t+1_

+(1 =)L+ 7)1 = p)pI BE[u(NE — Nry) + (1 — m) (A2t — Aey)]

-Hl—ma+ﬁ%[wm"+u—unﬁw+

(1-a)1-m) Y
(1+7"% E?
B (1= 81— (1= h—s)1¢
- [+ G ra s |

+n(1 — p)E; {5t,t+1 {1 —(1- PP)E Tzi;/\tﬂ} )‘t+1}
(A

F(1 =) (1 = PPIBEIN AT = AT + (1 — Ay)

(1 —=7)Wh=n

Pea %)) (C3)

C.4.2 Steady-State calculations

Starting from the long-run targeted values described in table 3, we now de-
scribe the steady-state calculations. We first assume that W9 = WP,

From equation (2.1), one can easily define the value of total employment
at the steady-state such as

Bt =1-U.. (C.4)

From equation (2.2), the number of job seekers in the economy as a whole
is equal to

S, = U, + pE". (C.5)

By definition, assuming that fracpub is the size of the public sector on
the labor market, we can define the value of public employment as

E? = E" x fracpub. (C.6)
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Then, from equations (C.6) and (2.67), we define the value of private
employment at the steady state as

E? = E" — F9. (C.7)

By definition we have
Br = uE (C.8)
and E° = (1— p)E (C.9)

Thanks to equation (2.40), we can define

EP
Vi=p— (C.10)
Qs
and we assume similarly that
ol
Ve = Pq—ﬁ- (C.11)

Joining the matching functions and the definition of the probability for a
firm to fill its job, described by the equations (2.5) and (2.7) we are able to
define the matching technology in each sector as

Vg

ST o
Vg g

K = s s (C.13)

SE (V)=

Thanks to the previous equations and to the equations (2.5), we can define
the number of matches in each sector at the steady state as

MY = R2SE(VE) (C.14)
and MY = gIS?° (V)¢ (C.15)

Thanks to equations (C.5), (C.14) and (C.15), we can define the proba-
bility for a worker to find a job in each sector at the steady state as

MP
== C.16
n=y (€10

g9
and pg—%. (C.17)
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According to equation (2.24) we have
RF =7, + 0% — 1. (C.18)

We assume that at the steady-state, marginal cost is equal to the desired
(flexible prices) markup such as

(C.19)

Thanks to the previous equations and using equation (2.47), we can define
the marginal cost of labor at the steady state such as

Y
zs = (1 — a)mes (E_ph> — (1 + 7;PWPh. (C.20)

o

I
From equation 2.25 and the definition of S ([O—t), the steady-state of
t—1
Tobin’s Q is:

Qs =1. (C.21)
According to equation (2.46), we have
Y

ks = amcsﬁ, (C.22)

s

while from aggregation we have

k= 0= (C.23)
o __ IS
and I = = (C.24)

Thanks to the equation (2.41), we can define the TPF at the steady-state
as

a Y
€ = (KT ke (BThy—= (C.25)

According to the market clearing condition defines by equation (2.66), we
have

Co=Y,—Cy—1,—Is. (C.26)
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The definition of the LMT given by equation (2.8) yields
%2

0r = — C.27
=2 (C27)
V9
and 67 = —. (C.28)
Ss
Aggregation yields
0s =0 4 67. (C.29)
By construction, we have
'Y me
1 _ s S S
s =1~ Zgpret = (C.30)
)\m‘oY
2= T8 31
qs 1 _ /ngﬂ';_l’ (C 3 )
and thanks to equation (2.52)
1
m_ = a c.a
S c — 1 qg : ( ‘ )
The value of a job at the steady-state for a firm is equal to
1— Y 14 7P
MNEF = L ng’h. (C.33)

T1-(-pBEE 1-(1-p)p

Thanks to the previous equations we can now define the value of posting
a vacancy

k' = (% — (1 +7PWPh 4 (1 — p)ﬁ)\ff) qv. (C.34)

The utility function of the union at the steady state can be defined as
Y= (L= )7 = 3 + (AP = A9, (.39)
Finally, by definition,

(1 - )Y,

= (C.36)

mpls =
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Marginal utility of real income in terms of non-Ricardian consump-
tion If we admit that W¢ = WP, the non-Ricardian consumption at the
steady state can be expressed as

Cr={(1—72)EIWPh+ (1 — EDb}1 + 75) (C.37)

We express the Ricardians’ consumption at the steady state in terms of wage
as

Cs —muC?

C? =
1 —mu

s

(C.38)

Then, the marginal utility of real income for Ricardian and non-Ricardian
households can be expressed as

rio __ 1— ﬁH _ 01—0e
N = 0 - e
rio __ 1- ﬁh . 1
SAT= 1+7¢ {(1 H)1—M{CS
- mEwhe - e (C30)
A= (1= BH)[(1 - H)CY ™™
1— BH

<:> )\Z’LT’ —

HJJ@—mKLTﬁMW%+O—ﬂMHﬂ (C.40)

Workers’ marginal utilities in terms of unemployment marginal
utility

e For Ricardian workers

MEor — (1 — T ATOTY P,

1—(1—h—s)t¢
- (1_48) + (1= p)BATP + pBA

& [1=(1=p)BIAJ™ = (1 —7)A\“WEh
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1-(1—h—s)'¢
1-¢
(1= 7)WPhAT

+ BT

v

1—(1-p)f

I-(1—-h-s)'c
(1-¢)

& Ao —

+ BpAde (C.41)

1—(1—h—s)t¢
1-¢

(1= p) BT + pBXY”

S L= (1= p)BIAT" = (1= )N WEh

Aes = (1 — 72 AW Ih —

1—(1—h-—s)=¢
_ e

+ pBA

1 .
Eog _ L w g rio
=\ =T a8 [(1—72)YWEIhA,
1—(1—h—s)t¢
gt |
1 A
Eog - _ Sw y4 770
& A BT [(1—72)YWPhA,
—(1=h—=235)¢
! (1( =y S 5,0)\5"3] (C.42)
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1= (1=s)t¢
e L2
+p(PE + ) BN + (1= p) BN + pIAT]
1—(1—s)t¢

& X[ =B+ B0 =) +p)] = 0N~ ——
B — p) (X% +pd) R
1_<1_h_8)1_c 10
B 1—¢ + BpA; }
e [1-ss0 -z e (1- )|
S S S 1—/8(1_p)
_ 10 1-— (1 - S)I_C
= b\ — =
ﬁ(l_p)(p€+pg) w\ \TIOTAP ]-_(]-_h—S)liC
AT — By + BSWPhN
< )\SSO = 1 53 2 (C.44)
with
ps _1=(0=9" BU-p@+p)1-(1-h—s)"<
: 1-¢ 1—(1-p)p (1—20)
_ BA—p) L +pY) w
By = 1—5(1-p) 1=7)

Bp
BS:l—ﬁ—i—ﬂl— Pt + p? (1——
e For non-Ricardian workers

In a similar way, we obtain

1 .
Eyp __ - L w D rir
NP = g [ .
(1= — )¢
! (1(1 5 S B (C.45)
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— 1 — 7w P, \TIT
1= —-h-s)'¢ g
1=0) + BpAgT (C.46)
\Sr DA — BY + BSWPAAL
s 5 (C.47)
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