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Abstract

In this paper, using an infinite horizon model with exogenous growth of labor
productivity, we analyze the long run effect of growth on the employment rate in
a labor market with matching frictions when there is either individual or collective
wage setting and different timing for setting wages, labor and capital. We obtain
that different labor markets institutions change the effect of growth on employment,
however, if the coefficient of the constant relative risk aversion of the utility function
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contrary if this coefficient is small, for almost all labor market institutions, growth
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1 Introduction

In this paper we analyze the long run relationship between growth and unemployment in a
labor market with matching frictions when there is individual and collective wage setting.
Whereas in the short run both variables interact, that is, a higher rate of growth implies
more capital accumulation and, then, more employment and a higher level of employment
implies more income and, then, more capital accumulation, in the long run the effect
changes. In infinite horizon (Ramsey) models with unemployment if the production func-
tion is neoclassical (neoclassical growth model) and there is exogenous labor augmenting
technological progress, being the growth rate z, it turns out that in the long run steady
state, output per efficient person is constant. This means that the long run rate of growth
of income per capita is equal to the exogenous rate of technological progress x, that is, of
course, independent of the long run employment level. The reason is that, independently
of the effects of employment on growth, in the long run, due to the decreasing marginal
product of capital, "growth always stops". Then, in papers with this set up, employment
does not affect growth in the long run and the only thing to check is that if growth, that
is the exogenous rate of technological progress x, affects employment.

This is done in a model without matching frictions in the labor markets by Raurich
and Sorolla (2014). In this model wages are set by firms (efficiency wage model) and it
turns out that without wage inertia growth does not affect employment in the long run
but if we assume wage inertia growth has a positive effect on employment in the long run.

In models with matching frictions, Pissarides (1990, chapter 2), with individual wage
setting, finds that an increase in the growth rate of productivity x reduces unemployment
due to a capitalization effect of the firm when the interest rate r is exogenous (whereas
Aghion and Hobbit (1991), adding "creative destruction" obtain a hump-shaped relation-
ship). In order to endogenize the interest rate he uses a dynamic IS-LM model concluding
that the effect of = on employment depends (as we will see) on the term r — z, and, with
the dynamic demand postulated, this effect is difficult to analyze because it depends on
the slopes of two curves (P.38). Eriksson (1997) endogenizes the interest rate using the
neoclassical growth model and, with an ad hoc individual wage setting equation, obtains
that the effect of growth on employment depends on the parameter of constant relative
risk aversion o of the utility function. This is because the long run interest rate is given
by r = p 4+ ox, where p is the subjective discount rate. He obtains that if ¢ > 1 then
growth has a negative effect on employment and the opposite occurs if o < 1. Looking at
these different effects of growth on employment one may ask if the difference is due to the
different wage setting system used.

Moreover all these results are presented in the neoclassical set up that considers that
wages, capital and labor are set simultaneously, but Stole and Zwiebel (1996) raise the

case of the strategic behavior of the firm when it sets employment before wage setting.



This case has been embedded by Cahuc et al. in a labor market with frictions and capital
(the Pissarides model with a large (multiworker) firm) in a series of papers (Cahuc and
Wasmer (2001) and Cahuc et al. (2008)) showing that the specific timing may change
optimal conditions for choosing capital, labor and wages. Under these circumstances one
may suspect that the effect of growth on unemployment may also be different. The purpose
of this paper is to analyze the effect of growth on employment for different wage setting
systems (individual or collective) and different timing when choosing capital, labor and
wages in a labor market with frictions.

When the production function is not finally neoclassical, that is, ends up being an
AK function due to externalities or public capital, it may be the case, depending on the
"educated" way of defining the externality, that employment affects growth in the long
run. This happens for example in Bean and Pissarides (1993) with matching frictions,
where matches last for one period, and an OLG model; Daveri and Tabellini (2000),
without matching frictions and an OLG model; or Eriksson (1997) with matching frictions
and an infinite horizon model. Here we concentrate on neoclassical production functions
that do not generates endogenous growth. We focus on standard individual and collective
wage setting systems deriving wage equations from optimization programs and, then, we
improve Eriksson (1997), where he only analyzes individual wage setting using an "ad hoc"
wage setting function. This paper also differs from Raurich and Sorolla (2014) because in
here we assume matching frictions and individual and collective wage setting instead of
no frictions and efficiency wages.

There are many papers that compare individual and collective wage setting in models
with matching frictions without growth for analyzing other issues. Bauer and Lingens
(2013) analyze if collective wage bargaining (compared to individual wage bargaining)
restores efficiency. Ebell and Haefke (2006), in a model with imperfect competition in the
goods market, study which bargaining regime emerges as the stable institution. De la Croix
(2006), in a model with imperfect competition in the goods market, the effect of different
wage setting systems on employment. Garcia and Sorolla (2013) in a model with matching
frictions where matches last for one period which wage setting system generates frictional
unemployment and Ranjan (2013) the role of labor market institutions on offshoring.

Our results say that the effect of growth on the employment rate depends on the role
of labor market institutions, specifically, on the timing of wage setting with respect to
capital and labor, on the type of wage bargaining: individual or collective, and on the
way of financing the unemployment benefit , having that an increase in x may increase,
decrease or leave unaffected the long run rate of employment. However we obtain that
for a high value of the constant relative risk aversion parameter of the individual utility
function o, for almost all labor market institutions, an increase in the long run rate of

growth decreases the long run rate of employment, that is, growth is bad for employment.



On the contrary, if this coefficient is small, for almost all labor market institutions, growth
is good for employment. These results based on a parameter of the utility function may
seem surprising because the usual explanation for a positive effect of labor productivity
on employment in the long run is that wages must increase less than labor productivity
and it seems strange to have a wage equation where the rate of growth of wages depends
on a parameter of the individual utility function. The explanation is that, in models with
matching frictions, employment (and sometimes wages) also depends on the interest rate
r due to the existence of labor turnover costs and this is the channel that introduces the
effect of ¢ on employment.

The rest of the paper is organized as follows. In the next section we present the agents
of the model. In section 3 we derive the full dynamic system, section 4 presents the steady
state and section 5 computes the value functions in the steady state. Section 6 presents
the results for the Nash solution, where capital, labor and wages are set simultaneously.
Section 7 analyzes the Stole and Zwiebel case, where capital and labor are set simultane-
ously and before the wage. Section 8 the opposite case when the wage is set before capital
and labor which are decided simultaneously. Section 9 concludes with a summary of the

results in a table.

2 The Market Economy

2.1 Labor Market Flows

We assume matching frictions in the labor market where the matching function is X (t) =
m(V(t),U(t)) where X are matches!, V' vacancies and U the amount of unemployment.
Then U = (N — L) where N is the total size of the work force that grows at the constant
rate n and L is employment. We assume that m has constant returns to scale and my > 0

and my > 0. Then we define & = m(1, +) = ¢(6) where § = ¥ is the degree of the labor
U

v
market tightness, and one can show that ¢’ < 0. Also we define % = %% = 0q(0) where
one can show that w > 0. Assuming that a proportion 0 < A\ < 1 of employed people

loose the job, then employment flows are given by the differential equation:

L=X—-AL=q)V—-\L= q(&)gU — AL = q(#)0(N — L) — \L. (1)

2.2 The Family

We assume a big family that chooses the consumption of each member of the family C'
in order to maximize a CRRA utility function subject to the usual sequential budget

constraint, where B is the total amount of assets, Il profits, by the unemployment benefit,

!t is a continous variable and omitted when not necessary.



w the real wage, r the real interest rate and VI the vacancy income that a firm pays and

we assume goes to the consumer. The program is then to choose C' in order to maximize:

o] l—0
/ e !t ¢ Ndt

subject to:

B=rB+(1—r71,)wL+by(N—-L)+1I+VI—-CN

where o > 0 1is the constant relative risk aversion coefficient.

As usual the Euler equation is given by:

that rewritten in terms of consumption per efficient person ¢ = %, where A grows at

the constant exogenous rate x, gives’:

& 1
E+$—;(T’—P)7

that is:

c 1
E—E(r—p—a:c).

2.3 The Multiple-Worker (Large) Firm

We assume a neoclassical production function Y = F(K, AL) where A (the labor augment-
ing technological progress or "labor productivity"?), as we said, growths at the constant
rate x. The firm chooses simultaneously L, K and V' in order to maximize its value function

Vr, that is, the sum of discounted profits along life,

VF:/OOe” [F(K,AL) = (1+1p)wL —~V — 1] dt (2)

subject to the employment flow equation given by (1):

L=q(0)V — AL

2In order to have the integral well defined we need to assume p > (1 — o)x + n, this means that
p— (1 —0)z > n and, in particular, p+ (0 — 1)z > 0.

3We say "labor productivity" between quotes because the usual definition of labor productivity is
Y = F(X, A) that increases either if A increases or if & increases.



and the capital accumulation equation:

K=1-/K,
that is, the firm maximizes
L+ AL

V; :/ et —_—
g 0 Q(9>

where [ is investment, J is the exogenous depreciation rate, 7 a pay roll tax rate and

F(K,AL) — (1 + 7p)wL — 7, - (K + (5K> dt

7o the cost of open a vacancy. If the cost of open a vacancy changes along time then we
obtain the following first order conditions, given by the Euler equations Vi — % =0 and
ov;

Vi, — =}t =0, that are the capital demand equation:

FK:T'—F(S (3)

and the employment equation:

r A - oy 200

0)
Fr=(1+7p)w+7 to_ 40 (4)
" q(0)
)\_m q/(g)é
where one interprets the term 70#‘7(6) as the turnover cost?. As one can see the

assumption about how -y, changes is important because it is going to change the amount

of employment decided by the firm. We assume that v, is proportional to the wage that
is v, = ywS.

In this case the firm maximizes:

(e ¢]
VF = / 67”
0

And the first order conditions are the (exogenous wage) capital demand equation:

L+ )L

F(K,AL)— (1+7p)wLl — yw ")

dt

—(Rﬁ+dK>

FK:T+5 (5)

and the (exogenous wage) employment equation®:

4See, for example Cahuc et al. (2008).

5This assumption is standard in the literature (see for example Pissarides (1992)) but not neutral. For
different assumptions about the evolution of v,(t) along time (v,(t) = v, v,(t) = YA(1), 128 = 7,..)
the main results about the long run relationship between growth and employment may change as we will
mention later.

0We refer to these equations as the (exogenous wage) because the firm takes the wage as given. This

will change later when we analyze strategic interactions.




(rﬂ—gw;((?f) (r+X—
Fr=01+7p)w+7y w=|1+7Fr)+7

q(0)

(99
q(0)

Note that now the change of wages affect optimal employment, this is precisely one
channel that implies that growth affect employment in the long run because in the steady
state (the efficient wage % is going to be constant and ) the rate of growth of wages f is
equal to the exogenous productivity rate x. Moreover the long run interest rate will also
depend positively on = and then the crucial point is that if an increase of x increases or

reduces the term r — f and, then, the turnover cost.

2.4 Equilibrium in the Output Market

Now we define k = m as capital per efficient person and we denote the employment rate

as [ = N' From the budget constraint of the family, assuming that the government has
a balanced budget constraint and that the capital market is in equilibrium one obtains’
the usual feasibility constraint/capital accumulation equation/equilibrium output market

equation in terms of variables per efficient person:

k=F(k1)—c— (n+0+ )k

3 The Dynamic Model

We can rewrite the labor market flows equation in terms of the employment rate as:

[=q0)0(1—1)— (A+n)l. (7)
The Euler equation is:
¢ 1
I =—Z(r—p— 8
C=(r—p-ou) 0

If we deﬁne the capital per efficient unit of labor (the capital per efficient labor ratio)

as k = A 7, the intensive production function as f ( )= %

units as w = %, then we know that Fx = f(k) and F, = A [f(/%) — kS (l%)} that
substituted respectively in (5) and in (6) give the:

and the wage in efficiency

Capital demand:

"To obtain this equation is not trivial because one has to specify how the firm finances it investment:
retaining profits, issuing bonds,... this is discussed in the seminal paper of Abel and Blanchard (1983)
but at the end all the alternatives gives, as it should be, the feasibility constraint.



A w P A= 24 TO00)
pby = kf (B) == | (1 +7r) +7 = |
that is,
I .o (1 (r‘i_)\_%—ﬂi‘i‘q/(e)eg)
f(k) = kf (k> =w [(1+7p)+7 ) a@ o) | (10)

Also we can rewrite the capital per efficient labor ratio as:

. K 45k
FEALT LT 1

meaning that the capital per efficient labor ratio is, in fact, the amount of capital per

efficient person divided by the employment rate. The capital accumulation equation is

k= f(k,l) —c—(n+6+x)k. (12)

Adding finally a general wage equation®

&

w=w(.), that is, w = o) (13)
A
the dynamic model is given by the seven equations: (7), (8), (9), (10), (11), (12), (13),
being the endogenous variables r, ]23, 0, l, w, k and c. Finally income per efficient person
is given by:
y = F(k,1),

and product per efficient unit of labor:

= fk).

8The derivation of a specific wage equation outside the steady state is difficult to obtain if the program
for its derivation is based on workers and firm value functions that take into acount discounted along life
labor and firm income because they depend on 0 and L. The only way to obtain a tractable wage equation
in this situation is to use programs based on current wages and profits.




4 The Model in the Steady State for a General Wage
Setting Equation

Assuming that the model converges to an steady state we have that in this steady state

k=0 (that means y = ﬁ =0, that is (%x) = z, that is, as usual, the long rate of growth
of income per capita is given by the eXLogenous rate of labor augmenting technological
progress x), w = 0, ¢ = 0, 0 =0and=0.
The endogenous variables are: r*, l%*, 0%, I*, w*, k* and ¢* that are given by the:
Euler equation

r*=p+ox (14)

which means that the long run interest rate is given by the subjective discount rate p
plus the exogenous rate of technological progress (multiplied by ¢ > 0). Then an increase
in x increases the long interest rate, decapitalizing the firm using Pissarides’ words because
discounted profits along life decrease.

Capital demand:

FE)=r+6 (15)

Employment equation: now the employment equation becomes®:

(r* 4+ A—2x)
F; = (1+TF)+7W w (16)

where as in the usual case without vacancy costs (F, = (1 4 7p)w) an increase in the
wage reduces employment, the novelty here is that employment is also affected by labor
market tightness via turnover costs having that an increase in # increases employment.
Note also that this is a crucial equation for the effect of growth on employment because r*
and z, the long run rate of growth appears in the expression and this concrete expression
has been obtained assuming vy, = w!’. As Pissarides (1990) says (P. 38) the long run
effect of growth on employment depends on the term 7* — x. Pissarides (1990) finds r*
using a dynamic IS-LM model, but using the Ramsey model (as Eriksson (1997) does)
the term r* — x becomes p + (¢ — 1)z having that an increase in z increases (decreases)
the turnover costs if o > (<)1 decreasing (increasing) then employment. This is the first
channel for the effect of growth on employment: the employment equation effect that it is

the unique channel that appears in Eriksson (1997) paper. The equation in terms of k is:

9This is equation (2.25) in Pissarides (1990) without 7.

. +A-20
10Without this assumption the employment equation becomes Fr = (1+7r)w + %Tq(ie)m. If we

assume v, = A then we get a similar expression that is F, = (1 +7p) w+vA T'g()‘ggw with the complication

that depends on A. But if we assume a constant v, then we get Fr, = (1 + 7p)w +70% and in this case
the employment equation does not depen directly on .



F) =i g (k) = w {(1 T P ek x)}

q(07)

Wage equation:

&

w* = ®(.) that is w* = % (18)

Equilibrium of labor market flows:

. [ 09(0") ] _

At n+0°q(07)

! ] (19)

1+ gootts

It is interesting to note that 0*¢(6*) = % < 1 which means that the equilibrium of
the labor markets flows equation implies that as long as 0 < A < 1'! the long run rate
of employment [ < 1, meaning that there is always unemployment in the long run. This
equation also implies that when 6" increases [* increases.

Capital per efficient labor ratio ki equation:

Lk

= (20)

Capital accumulation equation:
cF=FEk0) - (n+d+x)k” (21)

The solution of the model is recursive : 7* = p+ oz is given by the Euler equation (14),
k* (and then g* = f (l%*), that is labor productivity) is given by the capital demand equation
(15). If it turns out that the wage equation depends on k, that is w* = % = &(k), then
substituting it in the employment equation we have an equation that depends on l%, r, and
6'? so the employment and wage equation gives 6%, then the equilibrium of labor market
flows gives [*, the capital per efficient labor equality gives £* and the capital accumulation
equation ¢*. Only in one of the cases presented the wage equation determines [*, which
implies that then the equilibrium of labor market flows gives 6%, the employment equation
gives w*, the capital per efficient labor equality gives £* and the capital accumulation
equation c*.

Finally

y' = F(k5T)

and

U The case A = 1, that means that matches last for one period, must be analyzed separed and this is
done in Garcia and Sorolla (2013).

12In fact, with almost all the specific wage equations derived we will have that the substitution of the
wage equation on the employment equation gives an equation that depends only on r* and 6 because k
vanishes.

10



§* = f(k")

What we are going to do now is to derive specific wage equations in the steady state

depending on the type (individual or collective) and timing of wage setting.

5 Value Functions in the Steady State

We denote the value function of an employed worker, that is, his expected discounted
labor income along life that takes into account that he can change from employment to
unemployment with the constant probability A as Vg. Then, as usual, the following asset

value equation holds:

Ve =(1—7y)w+ ANV — Vg). (22)

We denote the value function of an unemployed worker as V; and if # is constant, that

is, in an steady state, the following asset value equation holds:

Vi = bo + 0q(0) (Ve — Vir). (23)
We know that the value function of the firm is
Vi = / et [F(K, AL) — (1 + 7p)wL — ywV — (K + 5K>] dt
0

In an steady state [ =0 and k = 0 so we have to write the value function in terms of [

and k. Multiplying and dividing by AN we obtain

F(K,AL) wl L+ AL <K+5K)

av T gy T wigaNy T av |

VF = / e_rtAN
0

Wealsoknowthat%z%—nthatis[)z (%—l—n)Land%:%—n—xthatisf(:

(% +n+ x) K that substituted in V gives

i k
—F(i}\fL) - <1+TF)% — Yw <l ;L(Z)Z:[) t — <<k +n;;+5> K> dt

VF = / G_TtAN
0

now making [=0and k=0 and considering that A = Age® and N = Nye™ and that
Ag = Ny = 1 we get

11



e F(K,AL) wlL m+NwL (h+z+0)K
_ (r—(n-a))t , AL) _ _ _
Ve /0 ¢ { ay TR N T AN AN dt

so that means that in the steady state the real discount factor is r — (n+ ). Then the

value asset equation implies

F(K,AL) wL m+ANwL (n+z+0)K
_ Vo = |20 g _ _
(r = (n+ ) Vi [ - G g L
that is
VA w n+\)w n+x+0
Voo = [F(IZ—NL) —(1+7r) ﬁ - ’Y(q(;),c)xNL = +A; )K] (24)
FLe r—(n+x)
or
[F(k,l) - [(1 +7p) +7(Z(;§>] wl — (n+ 1+ 0) k]
ViLr =

r—(n+x)
Note that in increases in = capitalizes the value of the firm and an increase in r
decapitalizes it because the present value of profits along life is lower. Also we need to
know the value function of a firm of hiring an extra worker V. , then if the wage is taken

as exogenous we have that the following asset value equation must hold

that is'?

Fr—(14+71p)w
Viv =" (25)

note that we do not take into account the vacancy cost because we assume that at that

point the cost of posting a vacancy has already been paid and hence it doesn’t affect wage

bargaining, this is a standard feature of the matching frictions model.

6 The Nash Solution

In this case L, K, and w are decided at the same time or they can be renegotiated at
any time or set without commitment, this means, in particular, that investment is not an

irreversible choice and can be changed at any time. One can show that the same solution

13Solving the dynamic program using the Bellman equation one gets directly this expression from the
he derivative of the envelop condition in the steady state (see Cahuc et al. (2008) equation D.1).

12



holds if L is decided first and later K and w are chosen simultaneously (Cahuc (2014),
5.1.1), this second case is also justified when wages are being bargained simultaneously

with the firm without the possibility of renegotiating employment.

6.1 Individual Wage Setting

When there is individual wage setting each individual worker bargains the wage with the

firm, in this case when deciding the wage the function to maximize is

BIn(Ve — V) + (1= 6)In (Vi y) (26)

where (Vp — V) is the surplus that a worker gets if hired and V7 is the surplus
that the firm gets if it hires an extra worker. This is the usual surplus sharing rule for
individual wage setting, used normally in models with matching frictions. We substitute

Vi — Vi using (22)' that is Vi — Vi = (1_“;)+TVU then the function to maximize is:

(1—7p)w—rVy
r+ A

BIn( )+(1—5)1n(

that gives as a first order condition:

Fr(K,AL)— (1+ TF)w)

(r+ M) (27)

_a-p
CET T A

Note that the wage setting rule says that the wage depends positively on the marginal

F (K, AL)

product of labor.
Using (23) we get

~ (1-p) (1-0) 5
R TR LU T 0+ 7r)

Note that the wage setting rule says that the wage depends positively on the unem-

9q(0)(Ve — Vi) + FL(K,AL)

ployment benefit.
Calculating (Vi — Viy) using Ranjan’s method'® (Ranjan Online Appendix Part IV)

we get (see appendix)

(1-—7,) B ”y(r—l—)\—m)w
r+X 1—=51471Fr)q0)

(Ve —Vu) =

and then the wage equation becomes

14Because the wage is bargained between an employed worker and the firm we substitute Vi — Vi; using
only the asset value equation of an employed worker. In the collective wage setting case when a union
represents both employed and unemployed workers we will use both asset value equations.

15This method uses the relationship between Vg — Vi and Vi v obtained in the first order condition to
obtain an expression that depends on F7 and then we substitute I, using the employment equation.

13



A=8),  OBr+r-a

(T=7u) " (1+TF)<7"+)\)W+(1+TF)FL(K’AL) -

w =

Assuming also that by = bw'” | such that b < (1 — 7,,) we get :

(1-5) 0vB(r + A — ) s
= —bw + + Fr(K,AL
T T O N T Ty AL
that is
1-— 0 A—
1— ( B) h— 76(7’—1- x)lw:LFL(K,AL) (28)
(1—7y) (Q+7p)(r+A) (1+7p)
and then the wage equation is
w=m,Fr = q i) TR FL(K,AL)18
— vB(r+A—x
(1+7r) [1 s L (1+TF)(7«+A)}

that is the wage is a proportion m,, of the marginal product of labor that depends on
0, r and z having that an increase in x (decrease in ¢) reduces the wage. This dependence
of the wage equation on x does not appear neither in Pissarides (1990) nor in Eriksson
(1997) and this the reason why the results obtained in this section are different from the
ones presented in Eriksson’s paper.

One can also compute (Vg — Vi) using (22) and (23) which gives (Vg — Vi) = %
and then the wage equation becomes (see appendix):

! B(1=7)
(1—74)—1=0)b—(1—-70) <(((1+TA—WJ)FUI)))} (1+7p)

0q(0)

w =

F (K, AL)

seeing in a more clearly way that an increase in x produces wage moderation. This
is because an increase in z increases the long run r = p 4+ oz decreasing (Vi — V7)) and
then the wage. Pissarides (1990) does not show this effect because the long run interest
is derived using a IS-LM model and not the infinite horizon model.

The employment equation is given by (10), that is

(r+A—x)

q(0) 29)

Fr=w|(l1+7r)+~

substituting (29) in (28) F, and w cancel and one gets the "equilibrium" labor market

equation'?, that is, the employment equation when the wage setting equation is taken into

17One can use different ways for determining by, for example that the goverment has a balanced budget
that is bg(N — L) = (7 + Tr)wL, or by = by. We will use this simple method when it works.
9The equilibrium labor market equation says that m,, times

14



account, that is:

(r+X—ux)

b q(0)

Qp)y od-s)]_ S
(

=) O eEN] ~ Gt (30)

[(1 +7r)+7

Note that this equation holds for any neoclassical production function and that depends
only on r and # (not on k because FJ, cancels). That is with this specific wage equation r*
is given by the Euler equation (14), k* (and then §* = f(k*), that is labor productivity) is
given by the capital demand equation (15), 6* is given by the employment and the wage
setting equation once one substitutes only 7* (not l%*) in (30), {* by the equilibrium of
labor market flows equation (19), k* by the capital per efficient labor equation (20) and
¢* by the capital accumulation equation (21).

In order to derive the effect of = on 0 substitute r = p + oz in (30) to get

1— 6 A -1 A -1
[ A=8), 0BletAr+(o )x)]: B {(1+TF)+7(Q+ + (0 — 1))
(1—7w) (1+7p)(0+ A+ 02) (1+7p) q(0)
(31)
And then an equilibrium in the labor market always exists and there exists o* > 1
such that if ¢ > o* then < 0and then S <0,ifc =0" then = 0 and then % =0

and if o < a*then > O and then > O (see appendix).
Note that this result modifies EI‘lkSSOIl s (1997) result because he obtains that if o > 1
(<) then % < (>)0 and then % < (>)0. This is due to the fact that the ad hoc wage

equation that he assumes is not the one that results from the usual surplus sharing rule

that produces that = affects also the wage equation.

The intuition for the result is the following: on the one hand an increase in z increases
the long run interest rate and then reduces the mark up and the wage, on the other long run
labor turnover costs depend on r—x = 9+ A+ (0 —1)z having that if o < 1 and increase in z
reduces turn over costs. Because total labor costs are given by w [(1 + 75) + turnover costs|
if both decrease then firms open more vacancies increasing # and employment. But even
for a "small" ¢ > 1 the increase now of the turnover cost is compensated by the the
decrease of the wage increasing employment. Only if o is high enough total labor cost
increases reducing employment.

Finally, if the government has a balanced budget constraint, that is, bo(1 —1) = (7, +

Tr)wl and if 7, = 7, as shown in the appendix, the tax rates are given by

b A+n
T+ 7a0)

b A+n
0 +0) 0 al0)

1+TF:1—|—

l—7p=1-
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which means that now the equation that determines 6, (31) becomes more complicated,
but as long as the effect of changing 6 does not affect the slopes of the two sides of the
equation the effect of x on @ is going to be the same, because the tax rates do not depend

on x.

6.2 Collective Wage Setting

When there is collective wage setting we assume that a union that represents both em-
ployed and unemployed workers bargains the wage with the firm. In this case the function

to maximize is?"

5m{K%a@—wﬁ+Q%%9N)—wJN}+m—ﬁﬂm&a (32)

where (% (Ve — V) + %N ) is the expected value function of a worker and then

(% (Ve — Vi) + %N ) — Vi is the expected surplus of a worker. On the other hand
SF is the surplus that the firm gets when employing L workers.

Alternatively one may consider that in the collective bargaining a union that repre-
sents only employed workers bargains the wage with the firm, in this case the function to

maximize is?!

BIn[(Vg — Vy) L] + (1 = B)In (SF) (33)

Note that operating (32) gives also (33). The wage equation comes from maximizing

(33) with respect to w. Substituting Vg — Vi from (22) and (23) as in Ranjan (2013)

22

we obtain Vg — Viy = )and Sr, the surplus of the firm in the steady state of

—b
7’-}—354—92(6’
employing all workers, is obtained deducting to (24) the cost of open a vacancy but not
the cost of capital because we assume that investment is not an irreversible choice and if

the firm does not employ the workers it invests nothing?3. The objective function is:

F(K,AL w n+z+90) K
[ (AN )_<1+TF)ﬁ_(+AE) ]

ﬁm{<“_7”“_%)L}+u—ﬁnn (34)

r+ A+ 0q(0) r—(n+ux)

20This is the extension of the function proposed by Ranjan (2013) when the wage is negotiated.

21 This is the function proposed by Ebell and Haefke (2006).

22The difference with the case in which the union cares only about employed workers is that in this case
one computes Vg — Vi only using (22).

23See for example Cahuc et al (2014) p. 447 or Anderson and Devereux (1988). If one wants to substract
the cost of capital to the firm surplus one must asume that people that negotiates the wage think that
investment is irreversible which is not the case. This may be justified when the wage is negotiated by the
human resource department of the firm and investment decided by the financial department.
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that gives the wage equation (see appendix):

~ (1-p) 5 F(K,AL)
”_(1—Tw)b°+<1+TF)[ 3

Note that the wage setting rule says that the wage depends positively on the unem-

—(n+(5+x)%]

ployment benefit and the average product of labor (labor productivity). Assuming also

that by = bw the wage equation becomes:

w =

(1—7y) s [F(K, AL)
(1 =7w) = (1= B)b] (1 +7r) L

Having now that the wage depends on labor productivity and also depends negatively

—(n+4d+ x)%} (35)

on x. Again the employment equation is given by:

o . (r+A—x)
Fu=w|(+7) 40 )] (36)

and substituting (35) in (36) one gets

B (1—7y) 1G] F(K,AL)_ . xE . (r+A—ux)

e e e ] e TR | (R R o
that is
Fy _ W) k)
W—(Wrém)%] f(k) = (n+0+x)k

(1—7y) 154 [(1+7F>+7(T+A0_é2%)

[(1=7w) = (A =50 (1+7p) q(0)

that means that in this case, the employment and the wage equation given r and i
gives 6. Now to analyze the effect of x on 6 becomes more complicated because we have to
take into account the indirect effect of z on k. If the production function is Cobb-Douglas
(K*(AL)'~*) it turns out that f(k) = k& in which case the "equilibrium" labor market

equation becomes

(1-a) [(1—7y)—(A =P B _
1—(n+6+x)kl-e (1—7y)  (T+7p) (1+7r) +7

(r+A—ux)
q(0)

(38)

That is, with this specific wage equation and a Cobb-Douglas production function r*
is given by the Euler equation (14), k* (and then §* = f(k*), that is labor productivity)
is given by the capital demand equation (15), 6% is given by the employment and the

wage setting equation once one substitutes r* and k*in (38), I* by the equilibrium of labor
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market flows equation (19), k* by the capital per efficient labor equation (20) and ¢* by
the capital accumulation equation (21). In order to analyze the effect of = on employment:

substitute k1~ = -5 and 7 = p + ox in (38) to get:

r

I-) [A=7y)-(A=Pb __ B

e (I (R

(0+ A+ (0 — 1))
q(9)

(L+7F)+7

(39)

And then if a < 64 an equilibrium in the labor market exists and there exists 6 > 1 such
that if 0 > & then < 0 and then <0,ifc =0 then = 0 and then % = 0 and
if o < 6 then % > 0 and then € > O (see appendix). The mtuition for the result is the
same that the one presented Wlth individual wage setting: and increase in x decreases the
wage and labor turnover costs when o < 1. Then in the Nash situation, with individual
or collective wage setting if o < 1 growth is good for employment and in both case there

exists a value of ¢ > 1 where for a higher o growth is bad for employment.

7 The Firm as the Stackelberg Leader (the "Stole and
Zwiebel" Case)

We now analyze the case when the firm acts as a Stackelberg leader having that K and L
are decided first and the wage is negotiated later’! or K and L are set with commitment (K
is irreversible) and the wage is negotiated without commitment. Now the wage equation
depends on L and K that is w = &(L, K) and the firm takes strategic advantage of this

relation when setting K2° and L. In this case the firm maximizes

L+ )L

F(K,AL)— (14 7r)0(L,K)L —y@(L, K) )

— (K+5K> dt

And the first order conditions®® are the sz (Stole and Zwiebel) capital demand equation:

oo
Fr — L— =
K K r+4

and the sz employment equation is:

24This is the case presented in Cahuc et al (2008), without technological progress. As we said before
in Cahuc and Wasmer (2001) it is argued that the case where L is decided first and K and the wage
negotiated later is equivalent to the Nash situation.

25In the Stole and Zwiebel (1996) paper there is no capital.

20These are presented in Cahuc et al (2008).
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op  (r+A+L9) gl
W — L

F — 1 et q(0) oL —
L ( +TF>W+(1+7'F>L8L+7 ) ’qu
N "(0)0 0
YA L 0w (T"‘)‘"i‘qq(e) 5)
(1+7p) (9)L] LaL (14+7p)+7 0 w (40)

where, due to its endogeneity, f has disappeared from the expression in the turnover
costs depending now only on r and not on r — f as in the Nash case.

In terms of k and [ the sz capital demand is:

f (k) :7’+5+L§—[i (41)

and the sz employment equation:

; ~ "(0)0 6
N A (1 0w (r+ X+ %60

k)—kf (k)= 1 —— - L— 1

SRS (k) = 3 |07 - o <l+n> ot |0+ — w

(42)
and in the steady state the sz employment equation is:

yAn] 0w (r+ )
Fr=|(1 —— | L=— 1 4
L {( +7F) q(e)} aL—f-W{( +7p)+7 4(6) (43)

Note that now z only appears affecting indirectly r (= p + ox) and that an increase in

x increases the turnover costs. The sz employment equation in terms of £ is:

A 1 yAR| 0w (r+A)
kE)—kf (k)=—1(1 ——| L=— 1 . 44
py =kt (8) =5 [0 = 28] 8w (@ e 40
In this case the surplus of hiring an extra worker is given by
, 0w(L, K) ,
TVF,SZ: FL—(1+TF) w+La—L _AVESZ
that is:
Fo = (1 7p) [w+ L2520 |
Vﬁ,sz = (45)

r+ A

7.1 Individual Wage Setting

Stole and Zwiebel (1996) were the first to consider that the firm may take into account
the wage equation when deciding employment. As pointed out by them, as Ranjan (2012)
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in P. 6, says: "this results in overhiring by the firm because it recognizes that hiring an
extraworker will reduce the marginal product of each worker and therefore, reduce the
wage the firm will pay to each worker." Now the maximizing function for setting the wage

is:

(1—7p)w—1rVy Fr(K,AL) = (1 +7p) [w + LE7]

B In( Y )—l—(l—ﬁ)ln( Y oL

In this case the wage equation is (see appendix):
_ (A-=p5) B o
W = ﬂ_—mTVU+m |:FL_ (1+7F)L8—L:| .

Using (23) we get

) (1-5) 3 0w

w = mbo + m@Q(Q)(VE - VU) + m |:FL — (1 +TF) La—L:| .

Calculating (Vg — Vi) using Ranjan method we get (see appendix)

(1_Tw) ﬁ
r+A 1-0

(Ve —Vu) =

Y(r + Nw — ”y)\nLg—f
(1+7r)q(9)

and then the wage equation is

_ (1=5)
W = (1_7_w)b0+

And assuming by = bw the wage equation becomes

e e [ (e )

[1_(1—5)b 05 }MZ(L{FL_((I—I—TF)(T‘-{-/\)—F@’)/)\?%) La_a;}

(1—-7y) (A+7F) 1+7F) (r+ M) 0L
that is:
1 64 (14+7p)(r+A) +0yAn\ 0o
©T =80 _ 08y | (1+7p) Fr - (r+\) Lot
[1 ~ ) <1+TF>}

that if the production is Cobb-Douglas (F(K,L) = A'"*K*L'~%) gives the solution
(see appendix):
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1— Al—aKaL—a
oo 1) (46)
(trp) [1 _ Q=B _ 68y ] —a <(1+7‘F)(7'+>\)+0'7)\n>

B (I=7w)  (4+7F) (r+X)

and note that again the wage is a proportion of F; = (1 — a)A'""*K“L™® and that

an increase in r (p + ox in the long run) reduces the wage?®. Knowing the wage one can

compute:
o0& 1—
L w — CY( Oé) Al—aKa—lLl—a (47)
OK (1475) [1 _1=Bb 6By ] —a ((1+TF)(T+)\)+9’7)\TL>
B (1-7w)  (+7F) (r+X)
and
o0& —al —
oW _ ol —a) AVOROLTO(48)
oL (1475) [1 _1=Bb 6By ] —a <(1+TF)(T'+)\)+9’Y)\TL>
B (1-7w)  (+7F) (r+X)
Note that Lg—[‘? = aw% and Lg—“Z = —aw. Then the sz capital demand equation (41)
becomes:

1-— .
a— ol —a) K l=r+6 (49)
(14+7p) [1 _ (1-Bb 68y } —a ((1+TF)(T+)\)—9’yAn)
B (1-Tw)  (+7F) (r+A)

expression that, as noted by Cahuc et al. (2008), incorporates the hold up effect and
the Stole and Zwiebel overemployment effect.
The employment equation given by (43) when the production function is Cobb- Douglas

becomes:

(1 o C()AliaKaLia _ FL _ |:(1 + TF) . ')//\_n:| 3&1 (7’ + )\)

0 La—L—l—w[(l—i-Tp)—i-’y—q(g) ] (50)

and substituting (46) and (48) in (50) the sz "equilibrium" labor market equation is:

-

(1—17y) (1+7F) (r+ M) 1+7p q(9)

(51)

Note that this equation holds only for the Cobb-Douglas production function and that
depends only on 7 and 6 (not on /AC) That is with this specific wage equation r* is given
by the Euler equation (14), k* (and then g* = f (l%*), that is labor productivity) is given

28The same relationships are obtained if one substitutes (Vg — Vi7) by the equality Ve — Viy = #32(0)

(see appendix).
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by the sz capital demand equation (49), 0" is given by the sz employment and the wage
setting equation once one substitutes only r*(not &*) in (51), I* by the equilibrium of labor
market flows equation (19), k* by the capital per efficient labor equation (20) and ¢* by
the capital accumulation equation (21). In order to analyze the effect of  on employment:

substitute r = p + ox in (51) to get

_(1—5)b_a By apn B
L (1—17y) b (1-|—TF)(1+(p+O'$+)\)>9

_B
(1—|—TF)

Y(p+ oz + A(1

1—a)(1+7p)+ 4(0)

And then an equilibrium in the labor market always exists and there exists ¢ such that
if 0 > & then %= < 0 and then % < 0, if 0 = 5 then % = 0 and then % = 0 and if
o < 0 then % > 0 and then % > 0 (see appendix). The intuition for the result is easy to

see looking at the employment equation when one substitutes Lg—% by —aw in (50) having

AN (p+A+ox)
@ e )

on the one hand an increase in x increases turnover costs by ocx and reduces the wage

Fr=wl|(l—a)(l+7p)+

w then if ¢ is high enough the increase of turnover costs is greater the reduction of the

wage and the the firm opens less vacancies having more unemployment.

7.2 Collective Wage Setting

Now, because capital is irreversible, the objective function to maximize when deciding

wages is:

F(K,AL)

() ] oo (S

where the surplus of the firm Sr in the steady state of employing all workers, is obtained
deducting to (24) the cost of open a vacancy and the cost of capital because now investment

is irreversible. The solution of the gives the wage equation:

(1—74) 5 F(K,AL)
(1=7) = (A=A +7p) L

where the wage set is a proportion of the average product of labor, that is, labor

w=a(K,L) =

productivity but not on the interest rate. With the Cobb-Douglas production function

the wage equation becomes:
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(1—17w) B

= = l-agrar—o
W_W(K’L)_[(I—Tw)—(l—ﬁ)b] (1+TF)A KYL™, (53)
and then
Ow _ a(l_Tw) 6 l-apa-17l—a
Mok Tl—ra—a-puar. T oY
0w . _Oé(l - Tw) 6 l—ajrar—«a
=ity L (55)
Where again Lg—% = —aw. Then the sz capital demand equation is given by
. Oé(]_ B Tw) 6 1 roa—1
o T A 0

that shows the hold up and the overemployment effect. The sz employment equation

is given by:

m} 0 )

(1—a)A'" KL~ = {(1 +7p)— —~| L—+w {(1 +7r)+

(r+ )\)}
q(0)| oL

q(0)

and substituting (53) and (55) in (57)we get (see appendix) the "equilibrium" labor

market equation:

1-oi- =)

L . v(r + A(1 + an))
(17 1+TF>{<1 J(A+7r)+ }

q(0)

Note that this equation holds only for the Cobb-Douglas production function and that

(58)

depends only on 7 and 6 (not on k).

That is with this specific wage equation r* is given by the Euler equation (14), k* (and
then ¢* = f (l%*), that is labor productivity) is given by the sz capital demand equation
(56), 0" is given by the sz employment and the wage setting equation once one substitutes
only 7* (not &%) in (58), I* by the equilibrium of labor market flows equation (19), k* by
the capital per efficient labor equation (20) and ¢* by the capital accumulation equation
(21). In order to analyze the effect of x on employment: substitute r = p + oz in (58) to
get:

Y(p+ ox + A1+ an))
q(0)

(59)

(1_@{1_(1—5)6}: 8

1=, At7r) |:(1—O[)<1+7'F)+

And then an equilibrium always exists and % < 0 and then % < 0 (see appendix).

The intuition of the result is easy to see is writing again the employment equation as
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_ulaa . yAn (p+A+ox)
Fp=w|(l-a)(1+7p)+ 4(0) + 4(0)

As in the individual wage setting case and increases in x increases turnover cost but

now does not decrease the wage meaning that the firm unambiguously opens less vacancies

and there is more unemployment.

8 Setting the Wage Using the Employment Function

In this section we assume that the wage is decided first and then the firm decides K and
L simultaneously. This means that in the wage bargaining it is known the capital demand
equation:

Frg = (r+9),

that does not depend on w, and the employment equation:

Fr=w |:(1+7'F)+’7M:|,

q(0)

that when the production function is Cobb-Douglas one can solve for employment,

obtaining:

1
w r+A—x T
S (14 7p) + K
A

(1—a) ’ (60)

or

Q=

11—«

r+A—x
4 [(1 +7r) —i—v( :(9) )]

8.1 Individual Wage Setting

In this case the wage is set in order to maximize, as usual:

w—1rVy

ﬁln(H—)\) +(1-p)n (

FL<K,AL) — (1 —|—7'F)w>
(r+M\)

subject to (16), that gives:

(r+A—zx)
BIn(S550) + (1= A (ﬁ)

in which case it is obvious that the wage set is going to be infinite wage because raising

the wage increases the surplus of an employed worker and the value function for the firm
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of hiring an extra worker. Gali (1995) presents a more complicated case, where instead of
having w in the surplus function of an individual employed worker he introduces his utility
function U(C, L), having that when the individual sets unilaterally the wage, 5 = 1, and
the production function is Cobb-Douglas, then the wage set by the individual is a mark
up, that depends on the elasticity of the employment function, over the marginal rate of

substitution.

8.2 Collective Wage Setting: the Union Monopoly Model
In this case the program for setting the wage is to choose w in order to maximize
F(K,AL) (ntz+0)K

(k) ] oo

subject to the capital demand and the employment equation. It is difficult to find and
explicit solution for the wage in this case. Then, as in Ranjan (2012), we consider the limit
case of the union monopoly model where the union sets the wage unilaterally, in which

case the program is to choose w in order to maximize

(o) 1)

Then one gets the wage equation (see appendix) 2:
! b (61)
w =
1-7,)(1—a) "

In this case the wage is a mark-up over the unemployment benefit and one can check
that this is the same wage equation that one gets in a model "without frictions"3’. Note
that the wage equation does no depend on the matching function ¢(#) nor on K, the reason
is that the wage set depends on the elasticity of the employment equation and, when the
production function is Cobb-Douglas and v, = 7w, the elasticity of the employment

equation is constant and equal to é with or without frictions.?!

Now, because we are
in a growth model, we have to endogenize by, the problem is that we can not use the

assumption by = bw as we have done so far. The reason is that (61) becomes:

29The other more general way to proceed is to consider that when setting the wage agents think that

investement is irreversible, depending, then, the function to maximize only on quasi rents % —
(1+7F) % in which case one gets the more general wage equation w = ﬁ (ﬁ +(1- ﬁ)) bo.

30Correctly speaking in the model where the cost of open a vacancy is zero (y = 0).
31 This was shown in Garcia and Sorolla (2013) when matches last for one period that is A = 1. Here
this result is generalized for any 0 < A < 1.
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R R T a)b”’
that is:
1
1— b
1-ro)1—a)

meaning that only with this combination of parameters the wage equation and this
way of setting the unemployment benefits are compatible for any wage w set.
The "natural" alternative assumption to make is that the government increases the

unemployment benefit with time, having that by = bA in which case (61) becomes:

b
R R T a)A’
that is, )
w = =i —a) (62)

The substitution of the wage equation into the employment equation (60) gives the

"equilibrium" labor market equation:

Q=

G e ] R T |

that is

k= {ﬁ [(1+m)+7%”i (63)

That is with this specific wage equation r* is given by the Euler equation (14), k* (and
then §* = f(k*), that is labor productivity) is given by the capital demand equation (15),
0" is given by the employment and the wage setting equation once one substitutes r* and
k* in (63), I* by the equilibrium of labor market flows equation (19), &* by the capital per
efficient labor equation (20) and ¢* by the capital accumulation equation (21). In order to
analyze the effect of x on employment: one has to compute k* using the capital demand

equation, substitute it in (63) and consider that r = p 4+ oz getting:

o 4 b (p+ A+ (c—1)x)
——— = —<|(1+7p)+
Grire] ~aee [0 e
And then if b < b an equilibrium always exists and there exists & < 1 such that if
0>&then% <0andthen% < 0, ifcr:&then‘%:0andthen%:0andif

o < & then % > 0 and then % > 0 (see appendix). The intuition now is that an increase

in x increases the wage (because A(t) = e is higher), on the other hand, if ¢ > 1 it
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also increases the turnover cost having less employment, but if ¢ < 1 and increase in x
decreases the turnover cost, if this decrease is high (small o) the total effect on labor costs
is negative opening more vacancies.

Alternatively, one can assume that the government sets the unemployment benefit in
order to have a balanced budget that is by(1 — ) = (7, + 7F)wl and that 7,, = ¢7p in

which case one gets that the government’s budget constraint is:

wl
1—1

wl
bo=(Tw+TF) =(1+¢)TF

1-1

and the wage equation (61) becomes:

B 1 (14 ) wl
YT U prmd—a) PITET T

solving for the employment rate one gets:

1

(A+e)Tr
[1 + (1*—WF)(1*04)]

I* =

which means that the wage equation adding the specific way of financing the unemployment
benefit determines the equilibrium amount of employment??.

That is with this specific wage equation * is given by the Euler equation (14), k* (and
then ¢* = f (l%*), that is labor productivity) is given by the capital demand equation (15),
[* is given by the wage setting equation (61), 0" is given by the labor market flows equation
(19), k* by the capital per efficient labor equation (20) and ¢* by the capital accumulation
equation (21), the employment equation (16) gives the wage.

Note that in this case the long run employment rate does not depend on z that is

i
dz

not depend on x. So that means that there is no long run relationship between growth

= 0 for any value of o because employment is given by the wage equation that does

and unemployment. This is the same result that appears in Raurich and Sorolla (2014),
where there are no frictions in the labor market and the wage is set using an efficiency

wage model.

9 Conclusions

We conclude saying that in general the different timing for setting the wage, capital and
labor, the type of wage setting: individual or collective and how the unemployment is

financed, that is, different labor market institutions change the long run effect of exoge-

32A similar result is obtained if one does by = vy, as in Daveri and Tabellini (2000), having | =
(1—7w)
v(atm +1-8)
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nous labor productivity growth, x, on employment. The reason is that the specific timing,
the type of wage negotiation and the way of financing the unemployment benefit changes
how the rate of growth affects the wage and turnover costs and then, total labor costs
affecting vacancies and employment. The following table summarizes for each labor mar-
ket institution the effect of x on the wage and the turnover cost and the final effect on
employment.

One can see that, depending on the labor market institution, the effect of x on wages
can be negative, zero or positive and that the effect on turnover costs positive or negative.
However one obtains that for a higher constant relative risk aversion parameter of the
individual utility function (o) the effect of growth on employment is negative for all labor
market institutions but one (the case of the union monopoly model when the government
adjusts taxes for balancing its budget). This is because, for a higher o, an increase in z
implies a high increase in turnover costs via the long run interest rate (r = p + oz in the
long run, where p is the individual discount rate), that can not be offset by the negative
effect of x on wages that occurs with some labor market institutions. Moreover we also
have that for a lower ¢ the effect of growth on employment is positive for all labor market
institutions but two (the Stole and Zwiebel case with collective wage setting and the case
of the union monopoly model when the government adjusts taxes for balancing its budget)

because in this cases the reduction of wages offsets the increases in turnover costs.
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Appendix

This appendix presents the detailed (step by step) proofs of all the results presented
in the text.

1.1) Computation of the Nash bargaining wage equation when there is
individual wage setting:

The program is to choose w in order to maximize:

(I—7y)w—1rVy
r—+ A

Sin )+ -8

that gives as a first order condition:

Fr(K,AL)— (1 —i—TF)w)
(r+A) ’

(1—17y) (1+7p)

Fi(K,AL)— (1+7p)w’

- (1-9)

that is:

Bl=7y) (FL(K,AL) = (14 7p)w) = (1= B) (L +7p) (1 —T0)w —rVy),  (64)

and then:

5(1—Tw)FL(K,AL)—5(1—7w)(1+7'p)w:(1—5)(1+TF)((1—Tw)w_TVU)

or:

B(1—7y) Fr(K,AL) = (1-B) (1 — ) (1 + 7p) w—(1=B) (1 + 75) rVi+B (1 — 70) (1475w

that is:

(1+7p)1—7p)w=01—7Ty) FL(K,AL)+ (1 =B) (1 +7p)rVis

and finally:
) B
W= (1 _ 7_w)TVU + mFL(K, AL)
Using (23) we get:
_ (1-p) (1-5) B
W = (1 — 7_w>bo + (1 — Tw)GQ(Q)(VE - VU) + mFL(K, AL)

1.2) Calculation of (Vg — V) following Ranjan’s method (using the employ-

ment equation).
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Using (22) we get

(Vg —Vy) = (1=7p)w—1Vy),

r+ A
that is,

(T—i‘)\)(VE — VU) = ((1 —Tw)w —TVU>,

then we can rewrite (64) as:
B =7uw) (FLIK,AL) = (T+mp)w) = (1= B) (1 +7p) (r + ) (Ve = Vo),

that is:

C(1-7w) B FREKAL-(+7p)w  (1-7,) B [F(KAL)
Ve =Vo) == 15 (1+7p) S rtA 1—5{ (1+7r) }

Now using the employment equation (16):

B i, (r+A—ux) N
Fu= |t r) 40 ST
we substitute £, getting:
ey < 0= g [l et e T oaon) s [R2ZTURSTS
(S P N I (1+7r) oA 1-5 (1+75) gl
_ (=7 B '[(1+TF)q(9)+7(r+A—x>}_1]w:(1—Tw) B {V(HA—&:)}
r+X 1-p06| (14 7F)q(8) r+A 1—=0(1+71r)q(9)

1.3) Computation of the Nash bargaining wage equation when there is in-
dividual wage wetting computing (Vz — V) using (22) and (23).
Using (22) and (23) one gets:

(Ve —Vy) = (

and then the wage equation becomes:

) (1-5) (1 —7y)w —bo B
W= (1—rw)b°+ (1_%)(9(1(9) ((T+A+9q(9))> + (1+TF)FL(K,AL)

assuming by = bw one gets:

(1—7Ty)w— bo>
(r+X+06q(0))

_ (=P (1-0) (1 —7w) —b)w B
CT ) +<1—7'w)9q(0)((7‘+/\+(9q(9)))+(1+TF)FL(K’AL)
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that is:

Q= 0=B), o ((A—r) =B\ B
{1 A=) (1—7w)6q<9)((T+A+9q(9))>} A5 HUGAL)

or:

(-r) (=B (=8, ((1-r)-0\] _ 4
o O (o )| = e

that is:

(=)= 1= - (1= 0000) ({55 [0 = BT R

and simplifying;:

[(1 —7u) = (L= )b = (1= ) (W)] o= g FlIe AL

(gaey + 1)
in which case the wage equation becomes:

1 B(1=1y)
[(1 —Tyw)— (1=B8)b—(1-7) <<((1ng11;)>)} (1+7r)

0q(0)

w =

F (K, AL)

1.4) Existence of the Nash Equilibrium when there is individual wage set-
ting.

The equilibrium labor market equation is:

{1_ (L=5), _0vBle+r+(o— 1)
(1= 7w) (1+7p)(0+ A+ o0x)

| = ey [ 7o+

or

(1= r0)—(1=B)b—(1 — 1) {9ﬁv(e+ At (o~ 1)3?)] _ B =7

(0+A+ox)(1+7r) |  (1+7r)

that is

R (e [<Q+)\+ (0 - m)} ,_B1=7)

(It70) | (0¥ r+ox) (I +7r)
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then the left hand side is equal to (1 — 7,,) — (1 — 8)b (> 0 when b < (1 — 7)) when
0 = 0 and is decreasing with 6. The right hand side is equal to (1 — 7, )when 6 = 0
(lower than (1 —7,) — (1 —=p)bif b < (1 —7,)) and is increasing with ¢ and then both
lines intersect for a positive 6.

1.5) Calculation of %and o*.

From the equilibrium labor market equation we have:

(1 - Tw)

(1+TF)

By (Q—l—)\—l—(a—l)x)] (=)

G0,r) = (1 —7y)—(1-5)b— (0+ X+ ox) (1+7p)

then, by the implicit function theorem:

(A=7w)0By  (e+N)  (1-Tw) 0 1)
% N Ccllf _ (A+7r)  (o+A+ox)? 1+TF)B
4G~ Frlerit o) | (7a) <9+A+(o— D7)
O db - (1 o w) (o+A+oz)(1+7F) (1+TF)6 (q(0))*

Note that ¢’(f) < 0 and then the denominator is negative (remember that from the
program of the family p + (0 — 1)z > 0) and then positive with the minus sign, so 3~ > 0
if

(0—1)
q(0)

(1—174)0By (0+A) (1—7w)

0t (et rton) (trrn)?

(e+d) _(o-1)
(o+ A+ Ux)2 q(6)

Note that if 0 < 1 then 0 +§J:‘)$)2 > (oo 20 ) ) and then > 0. Therefore o* > 1 is given
by:
(0" = 1) (e + A +0"z)" = 0g(0) (e + N).
1.6) Derivation of the tax rates with a balanced budget constraint:
We have that a balanced budget constraint means:
bo(1 —1) = (Tw + Tr)wl

and if by = bw then

b(1—1)= (1 +7Tr)l
that is
1-1
(Tw +7TF) = ——b
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and if 7, = TR

_1-1 b
F= (14 )

and then:

1—-1 @b (1 1) ©b
Tw = —— =(-- :
I (1+4¢) l (1+¢)

On the other hand the equilibrium labor market flows equation is:

l:

: ]
A\n
1 _|_ e*q(e*)

or:
1 1) = A+n
[ - 0%q(0)
And then:
o b A+n
T () 07q(0)
that is:
l+7p =1+ b At
" (L4 ) 0%q(07)
and
- b A+n
T (I 07g(0)
that is:
b A
| —ry=1- 2 _A%D

(1+¢)07q(6")
2.1) Computation of the Nash bargaining wage equation when there is col-
lective wage setting:

The program is to choose w in order to maximize:

F(K,AL) wlL K
(1= Tw)w — by T —(L+71e) 55 —(n+0+2)45
pl [((r—l—k—i—@q(@))lj]—i_(l_ﬂ)ln r—(n+x)

that gives as first order condition:
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(1 —7y) o
Sa=re—t Y AR AD [0+ el = (9T K]

that is:

(L—70) [P AL) — (14 7p)wb— (n+ 0+ @)K] _ 0
5 ey — (1= B)(1 = 7w — bo)

and then:
(1 —7y) [F(K,AL) — (n4+ 6 + 2)K] B
T - — B = Tyl = (1= B)(w = bo)

(1—7y,) [F(K,AL) K
(1—Tw)w—(1—ﬁ)b0):ﬁ(1+7_F>[ 7 —(n—I—(S—i—x)f}

that is:

_ (-5 B F(K,AL) K
w(l—rw)b0+(1+TF){ 7 —(n+(5+x)f}

2.2) Existence of the Nash Equilibrium when there is Collective Wage Set-

ting:
The equilibrium labor market equation is

[(1—7y)—(A=F)p] (1-0a) B (e+ A+ (0 —1)z)
(=) 1—a%‘<1+TF>[<1+TF>+” a00) }

or

(1= r) = (=9 ey = B
o F

(0+ A+ (o — 1))
[(1 TR+ q(0) }

The left hand side is constant and positive when b < (1—7,,) and p > (1—0)z+n. The
l1-a
1— ( (n+5)+a:)

right hand side is equal to 8 (1 — 7, )when § = 0 (lower than [(1 — 7,,) — (1 — /3)b]
@ p+o+tox

(-rw)=(=Ab-BU-7w) 1) and is increasing with 6 and then both

when a < a = e
(1—7w)—(1-B)p— D g1 1)

lines intersect for a positive 6.
2.3) Calculation of %and 6. From the equilibrium labor market equation we have

C6.5) = [(L—72) — (L — B 1 _(1 ;Lis)m _58 ; :w; (1+7p)+ 7(9 + A Z(éo)— — 1)z)
Ozm E

36



then, by the implicit function theorem

00 (UTH0F) _ porw) slo-1)

1—74)—(1-08)b ptotoz _ —Tw) Y(o—

9% _ _ﬁ _ _[( R [1-alria]” Bamm @
a9 (1—7w) o (et +(c—1)z)q' (0)

a'x db (1+7-F)ﬁ/y (q(@))2

Note that ¢’(6) < 0 and then the denominator is negative and then positive with the

minus sign then % >0 if :

a(l-0) (“GES) (- r)ale— 1)
(=) == [1 — a_<n++66++x)r - 5(1 +7r)  q(0) =0

.

Now the term p —on — (6 —1)§d > 0if 0 < %_‘; = ¢ > 1 because ¢ > n. Then

. (1—a)ptox+d+o(nt+d+x) (1—7w) y(o—1)
if 0 < 1 we have that [(1 —7,) — (1 — 5)b] (oo Rz’ By Ty > 0 and

then % > 0.

v (1—a)p+ox+0+o(n+dé+x) (1—7Tw) v(o—1)
If o > & > 1 then [(1 —7y) — (1 — 5)}] a[ljn%ﬂ)"*‘jﬁ“]z —Burs @ < 0and

then % < 0. And finally there exists 1 < 6 < & such that

a(l-a) () )6 -
(@ =7w) = (1= B)0) _ (to+a)]? B 6(1 +7r) q(0)
[1 Oép+5+6a::|

3.1) Computation of the Stole and Zwiebel wage equation when there is
individual wage setting.

The program is choose w in order to maximize:

(LT =TV Fy(K,AL) — (1 +7r) LS—%—(HTF)CU)

A )+(1—5)ln< (r+A)

that gives as a first order condition:

(1—7y)
(1 =7p)w—1Vy)

(1—|—7'F)

p (K,AL)—(1+TF)L2—§—(1+TF)LU

= (1= 8

that is,

B(1—Ty) (FL(K, AL) — (1 +75) Lg—z (1478 w) = (1-8) (1 +78) (1 — 7)) w—1Vi)

and then:
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B(1—71y) {FL(K, AL)— (14 71F) Lg—z} —BA=7u) A +7p)w=1-08)14+7p) (1 — 7y)w—rVy)

or:

B(1—17y,) {FL(K, AL)—(1+7p) Lg—i} =(1-B)(1—7w) A +7p)w—1=8) (L +7p)rVu+5(1 — Ty)
that is:
0w
(1+7p)(1—Ty)w=038(1—1,) {FL(K, AL)— (1+7F) La—L} +(1=8)A+7p)rVy

and solving for w :

_a-8 8 e 0@
T VU+(1+TF) [FL(K,AL) (1+ F)LaL]

using (23) we get:

T

(1-p)
1 r) /

(1—7w)

3.2) Calculation of (Vz— V) following Ranjan’s method (using the employ-

ment equation) and derivation of the wage equation substituting (Vz — Vp).

Using (22) we get:

1

Ve — V) =
(Vi v) r+ A

(1 =7y)w—1Vy)

that is:

(r+ XN (Ve—Vy) =10 —1p)w—1Vy

Then we can write (65) as

(1~ 7) _ (1+7r)
TN Ve V) (1=4) [FL(K,AL) — (1 +75) L2] — (1 +75)w
that is
(Vi Vi) = (1-7w) B [FL(K,AL)— (1+7p) L8] - (1+7p)w _(l-7w) B [F1L(K, AL) —

r+A 1-p (1+7p) r+X 1-p (14
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and then using (43), one gets:

that is:
Fp — (1+TF)L2—LE = {—%} Lg—i +w {(1 +7F) +7(qu;;\)]

that substituted in (Vg — Viy) gives:

Lo ery g [ EErel0rm @] ] a-r s [[H5]25
(Ve=Vo) = r+A 1-0 (1+7p) T T 1-4 (1+
that is .
B C (I=7w) B |+ Nw—yAnLG;
(Ve = Vo) = r+X 1—p (1+7F)q(0) ]

substituting (Vg — Viy) in the wage equation:

0q(0)(Ve — V) + § fTF) [FL —(1+7p) Lg—i]

oo =B, (=)

(1 —7y) (1 —7y)

one obtains:

_(1=p), (1-p) 1-7y) B |Y(r+Nw—yAnLEs B oo
o o T O T T | | [ 04 B
that is:
~(1-p) 08 | v(r+ Nw —yAnLs; 3 8%
BT DY R M]*(HTF) A L]
and:
) 08w 08y L2 I oo
= e |0 | ey B (e )
and:
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1-8), , 65w B

B 05~y \n 8_(1)
(1—1y) " <1+TF)+(1+TF)FL [ﬁ+(T+)\)(1+TF)]LaL

w =

and:

-8, v B . oA 05
A=) T O T axry L [ﬁ<1+(r+A)(1+TF))]LaL

and finally:

w =

) 08yw I6; (A +TR)(r+A) +0yAn 0o
il R L T S {FL ( Y >LaL]

Assuming that by = bw and solving for w one gets:

L [ 1 B |:FL— ((1+TF) (r+A)+0w\n> Law]

| _ (-Bb _ o5 } (1+7r) (r+\) oL

(1—Tw) (1+TF)

We can write this equation as:

0w
w=a {FL — bLa—L}

that is:

1 o
w=ab [EFL - La—(}j

and if the production function is Cobb-Douglas one can check that the solution is:

(1—a)Al oKL~
(1 — aab)

w=a

substituting a and b one gets:

8 (1 —a)Al—o KoL o
w =
(1 +TF) [1 1-p)b _ 68y

T (Irw) @47 )} _ B <(1+TF)(r+A)+6wAn>
: [1 a(1+TF){1, A=) _ 65y } (r+X)

(=)~ (L4rr)

and simplifying the wage equation is

(1—a)Alm*KeL~@
UJ =
(14+7r) [1 _1=Bb 68y ] —a <(1+7‘F)(7'+>\)+0'7)\n)
B (1-71w)  (+7F) (r+)
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and note that again the wage is a mark up on F = (1 — a)A'"*K*L~ and that an

(1+7’F)((:i‘>)\‘))+9’7)\n =(1+7r)+ % decreases.

3.3 Computation of the Stole and Zwiebel wage equation when there is

increase in r reduces the wage because

individual wage setting computing (Vg — Vi) using (22) and (23).
We know that:
(1 — Tw)w — bo)

(r+X+0q(9))

and substituting (Ve — Vy) in the wage equation

(Ve —Wu) = (

-8, =B, (Are—b) A [ 06
“(1—Tw>b°+(1—Tw)9qw>((T+A+eq<e>))+(1+m) [FL 1+ F)LaL]

assuming by = bw one gets

_(1=Pbw = (1-=5) (1= 7w) —b)w B
W= + )Gq(6)< )—i— 9L

0o
A7) (=r ra+090) ) T T e {FL_(”TF)L_]

that is

|:FL —(1+7F) Lg—ﬂ

1o o ) g (Uor Y]

(1—7y) (1—7uw) (r+X+0q(0)) 14+ 7p)

or

(1-7w) (1=Bb (1-5) (L=7)=B)\], __ 5 ) NS
[(1—7w) (1—74) (1_Tw)9q(9)<(T+A+0q(9))>} [ [FL (1+ F)L(?L]

and
oo

|:FL —(147r) La—L}

[(1—m>—(1—6)b— (1— B)0q(0) ( ((d=7w) =) )} Lo BT

(r+ X+ 0q(0))  (147p)

and

(1 —7w)—b) ) o
[(1_¢w)_(1_5)5_(1_5) ((H—)] =T [FL—(1+TF)L8—L]

9q(0) + 1) (1 + TF)

in which case the wage equation becomes:
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1 1—7, o
W= p - 6(5_‘_7_ )) |:FL (1+TF)L8_L
. o . . . 1—7w)—b F
(1= = == 1) ()]
and then the solution is:
" 1 B(1—71y) (1—a)Al"*K*L~
a ) — 1+ TF) (1 _ 1 B(1—
1—7,)—(1=B)b—(1-p) LD ”)ﬂ ( @ 1 (Lt
{( )= -{-5) ( (Garay +D) (1—Tw)—(1—/3)b—(1—6)<qufi“lll;)>
that is
Y 1 B(1—71y) (1—a)Al" KoL~
1—7)—b (1+7F) 11 [ Q== Y| a1
j0-r- -0 (3| [oor-toon(tg )| -e
) (18— (1—p) [ C=rw)=b)
[(1 )—(1-8)b—(1 B)( 2wy ﬂ
and then:
" B(1—71y) (1—a)At*KeL=@

(1+7F) ({(1 1) = (1= B)b—(1—p) (%)} —aB(1 —Tw))

0q(0)

or
1 (1—a)Al" KoL~
QY (1=7)—b)
B(I—Tw) <{(1 —Tw)— (1 =B)b—(1-0) <m)] —af(1— Tw))
or
. l-ajpar —a
L (1—a)A" KL

(#5225 |a-rw - a-om-a-9) (Y| -aa+n)

5q(6)
having finally:
(1 —a)AleKe[~«
(5 |1 22 - e (st ) | - atae )
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and then again an increase in r diminishes the wage.

We can compare it with the one obtained in the Nash equilibrium that is:
— B (1 - Tw)
(1 + 7 F) |:

Fu(K, AL)

(1 _ (1 _ ((A—7w)—b)

) (1 5)b (1 6) ( (Grq(g\)+1) >:|
Fi (K, AL)

(L4+7r) (1-B)b

TF |:1 _

_ (=B [ (A=7w)-b)
(A-7w)  (1=7w) \ (g55+D)
wage equation.

seeing that in the Stole and Zwiebel wage equation the wage is higher than the Nash

(1 =7y

that is

We can also compare it with wage equation obtained when computing (Vi — Vi;) using
Ranjan’s method that is:

(1— Oz)AlfaKaLfo‘
(A+7r) _ (-p)p
5 1

0By ] —a ((1+TF)(T+)\)*9’Y)\TL)
(1-7Tw) (1+7r) (r+X)
3.4) Calculation of the equilibrium capital demand and the equilibrium
employment equation.

From the wage equation (46) one gets

I aw _ O{(]_ - Oé) AlfaKozflLlfa
0K  (47r) [1 _ (=B 08y ] —a <<1+TF)<r+A>+evAn>
8 (1=mw)  (47F) (r+X)
and
L@_w _ —a(1 — «)
oL (+7F)

(1-B)b
el

Alme e,
- 6By ] —a ((1+Tp)(7"+)\)+9"/>\n>

(I1-7w)  (+7p) (r+X)

The capital demand equation is

f’(l%) Y

oK
that is

a(l — a)
(1+7F) [1 _ (=p)b

el =r 44
6By } —a <(1+7’F)(7’+)\)+9’y)\n>
B (1-1w)  (+7F)

(r+A)
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The employment equation is

Fp, = {(Hm)—q—} La—w+w[(1+m)+7(

and with the Cobb-Douglas production function:

(1—a)AK“L ™ = {(HTF) - m] Lg—iw {(1+TF)+7(qu;)A>}

3.5) Existence of equilibrium in the Stole and Zwiebel case when there is

individual wage setting: Substituting the wage equation and Lg—‘Z in the employment

equation on gets

A\ —a(l—
(1—a) AK L = | (14 75) — 120 ol —a) AROL™4
q(0)] Ctrr) [1 _ (=B 08y ] o ((1+TF)(T+A>+0vAn) (Lt
7 (=rw) ~ (+7r) =Y 7

AN —« 1

+
0 } (+rp) [1 _ A=BB _ 08y ] _ ((1+TF)(T+/\)+6’7M> (1+7r) [ _ (-Bb 08y ]
10}t [1 (—rw) ~ G| — ¢ sy el vy Rl ey

1= |:(1+TF)_

(1+7r) {1_ (1—-08)b 06~ :|_a<<1+TF) (T+)\)+97/\n> _ |:(1—|—TF)+’Y(T+/\):|—O( [(1+

3 (1-7u) (1+7p) (r+2) q(0)

(1+7r) (1—B)b 05 A+7r)(r+X) + 0y _ i (r+A), 72
g ll‘a—m‘uw)]‘“( r+ N >‘<1 VTG

(1+7p) (1—pP)b 03~ (14+7p)(r+A) +0yAn\ N - Y(r 4+ A1+ an
B ll‘ L) <1+TF>]‘“< r+ N >‘<1 )

B (1-7w) (+7p) (r+A) q(0)
(=B 0By 4 5 . Oyin \ B . i Y(r + A1+ ¢
L (1-—7y) (1+7r) (1+7r) <(1+ F>+(r+/\)) (1+7F) {(1 ) (14 7r) + q(0)
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1—

L-8b__ B (1+ aﬁn)g_(w: 8

— 1-a e+ 2
(=r) Ot T oen a+7ﬂ{u ) (14 7r) +

(@=80b By abn ol = 5 . _ Y(r 4+ A1+ an))
S <1+TF>(”<7~+A>>Q b= [(1 )+ 7e) ]

Substituting = one gets

Y(p+ox+ A1+ ar

- q(0)

LU fp—

N PR
(1—-7y) (14+7p) +p+g—;p+/\))9_o‘ﬁ_(1+7_F) {(1 )14+ 7p)+

and then the equilibrium employment equation in the Stole and Zwiebel case is:

(o +¢

(1—7w) (1—045)_(1_5)[)_(1—710) afin ] g Bl=7u)

<1+TF)6PY|:1+(Q+O'£C—|—)\) (1+77) [(1_a)(1+TF)+

that one can compare with the one obtained in the Nash case that is:

(p+A+(c—1)x)
q(0)

) (1—7'11,)6 {(g+)\+(0—1)x)}025(1—7 w)

(1= 7w)=(1=F) _(1+TF) 7 (0+ A+ ox) (1+7p) {(1+ F) 7

then the left hand side is equal to (1 — 7,,) (1 — ) — (1= 5)b (> 0 when b < (1 —74,))
when 6 = 0 and is decreasing with §. The right hand side is equal to 5(1—a) (1 — 7,,)when
0 =0 (lower than (1 —7,) (1 —af)— (1 — /)b when b < (1 —7,)) and is increasing with
0 and then both lines intersect for a positive #. So an equilibrium always exists.

3.3) Calculation of %and 0. From the equilibrium labor market equation we have:

(1—7y)
(I+7r)

G0, 7) = (1 —7w) (1 — af)—(1-F)b—

B [1 N afin } 9—6 (1 —7y)

(o+ocx+ ) (1+7p)

Vl—aﬂl+7ﬂ-

then, by the implicit function theorem

(A-7w)0By __apfno _ _ (1-7w)B yo_
% _ % (47r) (etAton)® — (+7r) a(0)
81. - dG - 1 Tw) afn 1 Tw Q+0'x+/\ 1+an)) ( )
de HTF)ﬁ’V T (ofoztN) (1+7'F 57 (9(0))*

Note that ¢’(6) < 0 and then the denominator is negative and then positive with the

minus sign, and the numerator is positive when

(1 B Tw) 667 Oéﬂ?”LO' o (1 B Tw) B Yo

(1+7r) (o+A+ox)? (1+78) q(9)>0
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that is:

(1 —7y) 08y afno (1 —=7y) 0B yo
(14+7r) (0+A+o02)>  (4+7p) q0)

or

afnb - 1
(o+ A+ a:c)2 q(0)

that is when

afnbq(0) > (0 + X+ ox)’

and then

afnfq(@) —o+ N _
o< =0
x

4.1) Computation of the Stole and Zwiebel wage equation when there is
collective wage setting.

The function to maximize is:

(1= 7o) — bo ) FUE — (14 ) £
61n{(r(r~l—)\+9q(9)))4+(1 ﬁ)ln( r—(n+x)
that gives as first order condition:
(1—7y) o (1+7p)L
5((1 — Tw)w —by) (1-6) [F(K,AL) — [(1 + 7F)]wL]
that is
e e (R [CEE PR S
and then
e 2R s - = - By - b
(I =7y) [F(K,AL)
(1o = (1= ) = o [ FE A2
that is
) B F(K,AL)
RN R (s [ L ]
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4.2) Existence of equilibrium in the Stole and Zwiebel case when there is
collective wage setting:

The wage equation is:

o~ _ (1 B Tw) B ar—a
R T ey (i) D s M
and then: ~
Law . —Oé(]. - Tw) 5 AKYL @

oL [(1—71y) — (1= 5] (1 +75)

as usual the employment equation is given by:

(1-a)AK L™ = {(1 +7F) — %] Lg—"z +w {(1 +TR) y(rqgﬂ

and substituting the wage equation and Lg—i the equilibrium employment equation is:

—) = T —7>\n —a(l —7y) B (1—7w) f .
=) [(1+ v) (J(e)} (1) (B0 At rr) [L—7a)— (B L+ 7r) {<1+ )+
that is:
N _(d=pp] . oy —af 8 . r+ )
i [ m] = o - ) i e [0 g
and:
e (1-pp)_ B8 Y . ayAn - (r+ )
=) [ ] = ey [t o+ G+ O 2
and finally:
BN B € e L2 R W . v(r + A(1 + an))
! >[1 <1—m>1 T+ r) [“ A+ + 5 }

substituting r one gets:

I

W . Y(p+ oz + A1+ an))
(1=7) 1+TF){<1 ) (L4 7r)+ }

q(0)

that is
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(1—7w)
(1+TF)

v(p+ ox + A1+ an))

(1=a)[(1=7w) = (1 =P =5 q(0)

(1—a)(14+7p)+

then the left hand side is constant and positive when b < (1 — 7,,) when 6 =
The right hand side is equal to (1 — a)5 (1 — 7,)when # = 0 ( that is lower than (1 —
a)[(1 =7y) — (1= 5)b] when b < (1 —7,) and is increasing with ¢ and then both lines
intersect for a positive 6.

4.3) Calculation of %. From the equilibrium labor market equation we have:

v(p+ox+ A1+ an))
q(0)

6(6.2) = (1-0) (1 = ) = (1 = -5 (L= a) (1 75) + =0

then, by the implicit function theorem

dG 1 Tw
00 L ﬁ(mpq)
T dG T (1—tw) g (proztA(1+an))d' (6)
O df (Hw)ﬁ (a(0 ))

Note that ¢’(6) < 0 and then the denominator is negative and then positive with the
minus sign, and the numerator is negative when o > 0.

5.1) Computation of the wage equation when setting the wage knowing the
employment function when there is collective wage setting.

The program is to choose w in order to

maximize (1 ) b
— Tw)w — by
1 L
b nKr('rJr)\Jr@(J(e))) }
subject to
. (1+TF)+7(T+?)w)] QK wce %K ~a 1 TA T Kw s = Xw o
B (1—a)Al-—a _[m} =c “(1-a)eA’s Kw o = Xw o

that is, to maximize

o | () Xt

The optimal wage will be the same than the one obtained maximizing the function:

(1= 7)o = o) w5 |
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The first order condition is:

1
{(1 — 7'%[,)u)_é — — (1 = 7y)w — bo) w_i_l} =0

a

or:
{(1 — )W — 1= 7u)w = bo)w_i} =0
« w
that simplifying gives:
(1_7_ ): ((1—Tw)w—b0)
s aw
that is
(1 =7y)aw = ((1 — 7y)w — bo)

or

and then the wage is:

bo
(1 =74)(1 —a)

5.2) Existence of equilibrium when setting the wage using the employment

w =

function when there is collective wage setting.

The equilibrium labor market equation is:
b (p+ A+ (0 —1)x)]

] (1—7w) q(0")
Then the left hand side is constant and positive. The right hand side is equal to

[(1 +7r) + 7

11—«

a 11—«

%When 6 =0 ( that is lower than [

(p+5()f&-aa:) }

7 (=7w)
when b < b = e

(p+o+oz)

and is increasing with # and then both lines intersect for a positive 6.

5.3) Calculation of % and computation of &. From the equilibrium labor market

equation we have:

_ b
(1 - Tw)

(p+ A+ (c—1)x)
q(6")

o«
(p+d+ox)

o
:| -«

then, by the implicit function theorem

G(0,z) = [

|0

[(1+TF)+7

R
11—«

G a

_dzr _ _

06

=1
( (p+d0+ox) )

[e3

ao b ~(o—-1)

(o+0+0x)?

— (I=Tw) q(0)

dG

Ox &

b

(p+A+(o—1)z)q' (8)

- (1—7w)

(a(6))*

Note that ¢’(¢) < 0 and then the denominator is negative and then positive with the
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minus sign. If ¢ 2 1 then the numerator is negative and then there exists & < 1 such that

a1
_ o [ a  \ime as b -1 _ . ~
T ((p+5+&x)) el T Uor) @) = 0 and then if 0 < & and the numerator

is positive.

5.4) Derivation of the wage equation when the government has a balanced

budget constraint. Eliminating w one gets:

<1+(,0)TF l

L= 1—prp)(l—a)l—1

that is:
(14+¢)1F

S e gy

l

or

1= {1+ At o)7r )]l

(1 — (pTF)(l —
and then:
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