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Suppose insiders use their market power to push up their wages, while entrants receive their 
reservation wages. How will employment and productivity be affected? In addressing this 
question, we focus on the role of on-the-job training. We show that on-the-job training makes 
insider wage hikes less detrimental to average employment (over booms and recessions), 
and may even cause employment to be stimulated. Furthermore, such training can make 
insider wage hikes more detrimental to average productivity. 
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1 Introduction
The influence of insider wage pressure on employment is an important issue for
understanding labor markets. Whenever there are labor turnover costs (e.g. costs
of hiring and firing, or costs of restrictive practices by incumbent employees that
make it costly for employers to replace them), insiders have market power to
push up their wages.1 There is a sizeable literature about how this insider wage
pressure influences employment.2 The early contributions (such as Bertola, 1990)
maintained that there would be little, if any, adverse employment effects, since a
rise in insider wages would lead to a countervailing fall in the reservation wages of
entrants. Since then, however, there has been a growing recognition that insider
wage pressure hurts employment, and recent contributions have provided insights
into why this could be so. For example, Lindbeck and Snower (2001) provide
a variety of reasons why the wages of entrants need not move in tandem with
their reservation wages, and Díaz-Vázquez and Snower (2003) show that, even
if entrants get the reservation wage, an insider wage hike reduces employment,
provided that some insiders are fired in cyclical downturns. The main reason
is that when there is firing, the marginal worker is an insider (rather than an
entrant) and a rise in the insider wage makes insiders less profitable.
This paper explores the role of on-the-job training in this context. Does

such training augment or reduce the adverse employment effects of insider wage
pressure? How does training influence the productivity effects of insider power?
This is an important issue because skilled-biased technological change has

led to a dramatic rise in the supply of skilled workers and skilled jobs in the
OECD over the past three decades, and on-the-job training is an important
avenue whereby workers acquire firm-specific skills and thereby benefit from this
technological change. Our analysis shows that the growing importance of on-
the-job training has remarkable consequences for the role of insider wages in the
labor markets of advanced industrialized countries.
In particular, we show that as on-the-job training increases, an insider wage

hike has a less contractionary effect on employment. There are two channels
whereby this happens:

1. The hiring channel: An insider wage hike encourages more firing in a
cyclical downturn. In the subsequent upturn, these insiders are replaced by
entrants. The greater the amount of on-the-job training, the more productive
are insiders relative to entrants. Thus the more entrants are required to replace
a given number of insiders. When the number of entrants replacing the insiders
is sufficiently large, then the rise in entrant hiring during upturns can dominate

1See for example Lindbeck and Snower (1989).
2See, for example, Bertola (1990), Booth (1997), Burda (1992), Díaz-Vázquez and Snower

(2003), Fehr (1989), Fehr and Kirchsteiger (1994), Frank (1985), Frank and Malcomson (1994),
Gottfries and Sjostrom (2000), Lazear (1990), Lindbeck and Snower (1989) and Vetter and
Andersen (1994).
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the rise in insider firing during downturns; and in that event, an insider wage
hike may actually increase average employment (over booms and recessions).
2. The firing channel: In a downturn, an insider wage hike reduces insider

employment in efficiency units of labor. The greater the amount of on-the-job
training, the smaller is the number of insiders represented by these efficiency
units. Thus the fewer insiders will be fired.
In this sense, then, on-the-job training takes some of the sting out of insider

wage hikes. Let us call this the employment-promoting influence of training. It
can be shown that the magnitude of this effect depends on two things: (a) the
duration of economic shocks, and (b) the length of the entrants’ learning period,
because these two factors determine the influence of on-the-job training on the
number of entrants that replace one fired insider.
The number of entrants that replace one insider depends on the expected

present value of revenue of insiders and entrants, over these workers’ tenure
at the firm. When an entrant’s probability of being retained in the future is
low (i.e. shocks are transient), and the entrants’ learning period is prolonged,
then the entrant will spend a relatively small part of his job tenure as a more
productive insider. Thus, the number of entrants that replace one insider will
be high, provided that the training of insiders is large. The more transient are
the economic shocks and the more prolonged is the entrant’s learning period,
the more a rise in the amount of on-the-job training of the insiders will increase
the number of entrants that replace one insider. The resulting increase in the
number of entrants hired in a boom, relative to the number of insiders fired in
a recession, is the source of the employment-promoting influence of training. In
fact, when the magnitude of on-the-job training is sufficiently high, economic
shocks are sufficiently transient and the entrant’s learning period is sufficiently
prolonged, an insider wage hike can even increase average employment.
This paper also shows that as on-the-job training increases, an insider wage

hike has a less contractionary effect on output. Since in the upturn the output
that the fired insiders would have generated is now produced by the entrants
that replace them, output in the recovery is hardly affected by an insider wage
hike. Thus, an insider wage hike reduces average output basically because it
induces firms to fire more insiders in a downturn. The greater is the amount of
on-the-job training, the greater is the marginal product of insiders. Thus, fewer
insiders are fired and therefore less output is lost. It is for this reason that, as
on-the-job training increases, an insider wage hike has a less contractionary effect
on average output.
Finally, we show that when the rise in on-the-job training increases the num-

ber of low-productivity entrants that replace high-productivity insiders in a non-
negligible way, an insider wage hike has a less expansionary effect on productivity.
As noted, training will indeed increase the number of entrants replacing the insid-
ers when the economic shocks are sufficiently transient and the entrant’s learning
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period is sufficiently long.3 When the number of entrants replacing one insider is
sufficiently large, an insider wage hike may actually reduce average productivity
(over booms and recessions).
The paper is organized as follows. Section 2 outlines our model. In this con-

text, Section 3 explores how on-the-job training influences the employment effect
of insider power, while Section 4 deals with the effect on output and productivity.
Section 5 concludes.

2 The model

2.1 Underlying assumptions

Consider an economy with a given number of identical firms (perfect competitors
in the product market4). The firm has a production function ZtEt − c

2
(Et)

2,5

where Zt is a random variable that represents business conditions, Et is employ-
ment in efficiency units of labor (i.e. number of people employed times their
productivity), and c is a positive constant. We assume that the economy can
only be in two states: when Zt = Z+ the economy is in a ”boom”, and when
Zt = Z

− the economy is in a ”recession”.6 The probability of transition between
these two states is described by a Markov chain, where P represents the proba-
bility of remaining in the same economic conditions and (1− P ) the probability
of changing state. The firms’ real marginal product of labor is assumed to be
sufficiently higher in a boom than in a recession, so that workers are hired in an
upturn and fired in a downturn. When economic conditions remain unchanged,
firms do no hiring or firing, retaining their workers.
In the upturn, the firm hires n+t new entrants, with an associated hiring cost

of h per worker. These entrants spend a fixed period of time (coinciding with
the period of analysis) - call it the ”initiation period” - in the firm, during which
their positions are not associated with firing costs. If the entrants remain in
the firm after the initiation period, they become ”insiders”, whose positions are
associated with a firing cost f . We assume that the firm follows a last-in/first-out
seniority rule for firing; thus, in a downturn (at time t) all the n+ workers hired
in the previous upturn are fired and the firm retains a number of insiders N−

t .
7

Thus, in the stationary equilibrium, the firm employs L+t = n
+
t + N

−
t−1 number

3As we show below, it is even possible for training to reduce the number of entrants replacing
the insiders, but this effect is negligible for plausible parameter values and thus we ignore it.

4This assumption has no implications for the qualitative conclusions of this paper.
5In order to present our argument in the simplest and clearest form, we assume a production

function with linear marginal product of labor, with the same slope in booms and recessions.
Thus Zt pre-multiplies only the first term of the production function. We comment below on
the implications of relaxing this assumption.

6Notation convention: The superscript ”+” stands for ”boom” and the superscript ”−”
stands for ”recession”.

7Notation convention: Lower-case n stands for entrants and upper-caseN stands for insiders.

3



of workers in a boom,8 and N−
t insiders in the recession. This paper focuses on

the analysis of long-run steady states. Since the long-run Markov probabilities
of a boom and a recession are 1

2
, the average number of people employed in the

long run (over booms and recessions) is L = 1
2
(L+t +N

−
t ).

On account of on-the-job training, insiders are more productive than entrants.
Let us call ”junior insiders” the workers who are in their first period as insiders,
and ”senior insiders” the insiders who remain longer in the firm. In this con-
text, A > 1 represents the ratio of the productivity of a senior insider relative
to the productivity of an untrained entrant, and a represents the ratio of the
productivity of a junior insider relative to the productivity of an entrant.
For simplicity, we consider only two training scenarios. In the ”short learning

scenario”, all training takes place in the initiation period, so that all entrants are
untrained and all insiders (junior and senior) are trained, so that a = A. In the
”long learning scenario”, workers receive all their training when they are junior
insiders, so that a = 1.
The firing costs give the insiders bargaining power, as shown below. Entrants

have no power and thus they receive the reservation wage, i.e. the wage for which
the entrant is indifferent between employment and unemployment.
The insiders in each firm belong to a firm-specific, risk-neutral union, which

bargains over the wage with the firm every time economic conditions change,
before the hiring and the firing decisions are made. The union seeks to maximize
the utility of its median voter. We assume that this median voter is an insider
who is not fired in a downturn.

2.2 Employment decisions and wage setting

In an upturn the firm hires new entrants (n+t ) to maximize the present value of
its profit, for given wages:9

Max
n+t

Z+
¡
n+t +AN

−
t−1
¢− c

2

¡
n+t +AN

−
t−1
¢2 − rtn+t −W+

t N
−
t−1− hn+t + δΠet+1

(1)

where
¡
n+t +AN

−
t−1
¢
is employment in efficiency units in the upturn, rt is the

reservation wage, W+
t is the insider wage, Πet+1 is expected future profit and

δ is the discount factor. Let M+
t be the present value of entrants’ expected

marginal product, ω+t be the present value of entrant’s expected income, ϕ be
the probability of firing the marginal worker in the future, and f be the firing

8In the upturn, the firm employs L+t = n
+
t +N

−
t−1 workers. If the boom persists, the firm

retains these workers.
9We focus on the hiring decision when the firm has already some incumbent workers from

the last recession (N−t−1).
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cost per insider. Then the marginal condition that determines employment is:10

M+
t − ω+t − ϕf = h (2)

which states that the firm hires entrants until the present value of the entrants’
expected marginal product minus the present value of the entrant’s expected
income minus the present value of the expected firing costs in a future downturn
equals the hiring cost (h). The expression for the present value of entrants’
expected marginal product is:

M+
t = Z+ − c ¡n+t +AN−

t−1
¢
+ δPa

£
Z+ − c ¡an+t +AN−

t−1
¢¤

+
δ2P 2

1− δP
A
£
Z+ − cA ¡n+t +N−

t−1
¢¤

(3)

where Z+−c ¡n+t +AN−
t−1
¢
is the unskilled entrants’ marginal product (in period

t), a
£
Z+ − c ¡an+t + AN−

t−1
¢¤
is the junior insiders’ marginal product (in period

t + 1), and δ2P2

1−δPA
£
Z+ − cA ¡n+t +N−

t−1
¢¤
is the present value of the marginal

product when all the workers are senior insiders with productivity A (from period
t+ 2).
The expression for the present value of the entrant’s expected income is:

ω+t = rt + δPw+t +
δ2P 2

1− δP
W+
t (4)

where w+t is the junior insider wage.
11 Since entrants receive the reservation

wage, the present value of the entrant’s expected income (ω+t ) equals the one
of an unemployed person. The unemployed person receives the unemployment
benefit b per period. Thus, the present value of the entrant’s expected income
in the firm equals:

ω+t =
b

1− δP
(5)

In a downturn, the firm’s firing decision is the outcome of the following profit
maximization problem, for given insider wage (W−

t ):

Max
N−t

Z−
¡
AN−

t

¢− c
2

¡
AN−

t

¢2 −W−
t N

−
t − f

¡
N+
t−1 −N−

t

¢
+ δΠet+1 (6)

where f
¡
N+
t−1 −N−

t

¢
is the firing cost. The first order condition for firing equals:

M−
t − ω−t = −f (7)

10The first-order conditions in (2) and (7) are derived in Appendix A.
11The insider wage in the recession (W−t ) does not appear in the expression of the present

value of the entrant’s expected income because, as explained above, the new entrants are fired
in a recession.

5



i.e. the firm fires workers until the present value of the insiders’ expected marginal
product (M−

t ) minus the present value of the insider’s expected income (ω
−
t )

equals the firing cost (−f). The expression for M−
t is:

M−
t = (1 + φ)

©
A
¡
Z− − cAN−

t

¢
+ δ(1− P ) £A ¡Z+ − c ¡n+t+1 +AN−

t

¢¢
+δPA

¡
Z+ − c ¡an+t+1 +AN−

t

¢¢
+

δ2P 2

1− δP
A
¡
Z+ − c ¡An+t +AN−

t−1
¢¢¸¾

− ∂ω−t
∂N−

t

(8)

where A
¡
Z− − cAN−

t

¢
is the insiders’ marginal product in the current recession,

A
¡
Z+ − c ¡n+t+1 +AN−

t

¢¢
is the insiders’ marginal product in a future recovery,

A
¡
Z+ − c ¡an+t+1 +AN−

t

¢¢
is the marginal product when the recovery lasts two

periods, the term φ = δP (1−δP )+δ2(1−P )2
(1−δP )2−δ2(1−P )2 is the probability of future recessions,

and ∂ω−t
∂N−t

is the influence that the marginal insider has on future insider wages.12

The present value of the insider’s expected income (ω−t ) equals:

ω−t = (1 + φ)

µ
W−
t +

δ(1− P )
1− δP

W+
t+1

¶
(9)

i.e. it depends on the wage of the insiders that remain in the firm in a recession
(W−

t ) and also on the wage of these insiders in any possible future boom (W
+
t+1).

As (2) and (5) show, the insider wages do not affect the hiring decision,
whereas as (7) and (9) show, the firing decision is affected by the senior insiders’
wages.13 These senior insiders’ wages are set in the following way. As noted
above, the insider wage is determined in a negotiation between the union and
the firm, before the employment decision. The insider wage is the solution of
a Nash bargain,14 where the union maximizes the utility of the median voter
(an insider that remains in the firm in a downturn). Under disagreement in the
negotiation, the union goes on strike. The purpose of the strike is to impose
a cost on the firm, so as to worsen the firm’s fall-back position and thereby to
increase the negotiated wage. Let β represent the cost of the strike per worker for
the firm. We assume that the union can manipulate this cost in accordance with

12Recalling that the insiders negotiate the wage before the employment decision is made,
the marginal insider in the downturn of period t has no influence on the insider wage in that
recession (W−t ), but it has an influence on all the future insider wages that may be negotiated
when economic conditions change. From (9) and (10) below, we can see that ∂ω−t

∂N−t
is a constant.

13In particular, by (2), (4) and (5) we can see that the junior insider wage does not affect
the hiring decision. Furthermore, since the new entrants in an upturn are fired in the next
downturn, then there are no junior insiders employed in the recession (the marginal insider
retained is a senior insider). Thus, the wages of the junior insiders do not affect the firm’s
hiring or firing decisions.

14See Appendix B for the details.
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their own interests. Then the union will set β as high as possible, but not as high
that the firm could fire the representative insider and replace him with a new
worker. Thus, since the insider remains in the firm in any case, we can consider
that the future expected income of the insider under agreement is the same as
under disagreement, and the same happens with the future expected profit of
the firm. Thus, the wage is a weighted average between, on the one hand, the
income that the insiders could obtain during the strike (w0) and, on the other
hand, the insiders’ average product in the current period, (ZiA− b

2
A2N−

t ),
15 plus

the cost of the strike (β):

W i
t = (1− µ)w0 + µ

³
ZiA− c

2
A2N−

t + β
´

(10)

where the weight µ is the union’s bargaining strength, which is a constant.16

Since the union sets β subject to the restriction that the representative insider
is not replaced by an entrant, then β cannot be higher than the cost of firing the
insider (f) plus the cost of hiring the entrant (h) minus the current profitability
of the new worker (ψ) (for simplicity, we take ψ as given).17 This restriction is
satisfied with equality, since the union seeks to maximize the wage in (10),

β = f + h− ψ (11)

A greater cost of firing gives more power to the insiders in the wage negotiation
since it increases the cost of disagreement in such a negotiation (β), and as a
result the insider wage (W i

t ) in (10) is higher. In the next sections, we analyze
how a change in the amount of on-the-job training (A) affects the influence on
employment, output and productivity of this greater insider power, represented
by a rise in β.

15In the recession, the insiders’ average product is Z−A− b
2A

2N−t because we consider that
the wage is negotiated for the representative insider, who is remaining in the firm. In a boom,
the insiders’ average product equals Z+A− b

2A
2N−t , since we assume that the union negotiates

the wage on the basis of the product generated by the insiders, before the new entrants are
hired.

16Although the wage setting in the recession (W−t ) affects the average product in the recession
(since it affects employment), for simplicity we consider that the union takes the average
product as given at the time of the negotiation. This simplifying assumption does not affect
the qualitative results of the paper, as shown in Appendices B and C.

17We assume that the current insider’s future expected profitability is equal to that of the
potential entrant.
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3 The influence of on-the-job training on the
effects of insider power

3.1 The effect of insider power on employment

The influence of a rise in insider power on long-run employment equals:

∂L

∂β
=
1

2

µ
∂L+t
∂β

+
∂N−

t

∂β

¶
(12)

i.e. it is an average between the effect on boom-time employment (L+t ) and the
effect on recession-time employment (N−

t ).
In a boom, a rise in insider power has no direct influence on employment (L+t ),

as we can see in (5) and (2). The reason is that the marginal worker is an entrant
that receives the reservation wage. Thus, any change in the insider wage is
associated with a countervailing change in the entrant (reservation) wage, leaving
the firm’s expected present value of wage payments to the worker unchanged.
By contrast, a rise in insider power reduces recession-time employment (N−

t ):
since the marginal worker is an insider, the rise in insider power that increases
W i
t raises the present value of the marginal worker’s expected income (ω

−) in (9),
and therefore reduces employment in efficiency units of labor. The consequence
is that the number of insiders in the recession is smaller.18

This reduction in the number of insiders in the recession will have an indirect
influence on the hiring decision in the subsequent upturn. Since there are fewer
insiders around, the firm will need to hire more entrants. Since entrants are less
productive than insiders, the firm will replace each fired insider with more than
one entrant. As a consequence boom-time employment (L+t ) will be higher due
to the increase in insider wages.
Thus, the effect of an insider wage hike on average employment (L) depends

not only on how many insiders are fired in the recession, but also on how many
entrants replace each fired insider in the subsequent upturn. Let (− ∂n+t

∂N−t
) be the

number of entrants that replace one insider. We can then rewrite (12) as:19

∂L

∂β
=
1

2

∂N−
t

∂β

µ
2 +

∂n+t
∂N−

t

¶
(13)

In what follows we show that the amount of on-the-job training of the insiders
(A) plays a crucial role in determining both the number of insiders fired in the

18By (7), the rise in ω−t implies an increase in the present value of the insiders’ expected
marginal product (M−t ) in (8), and therefore a reduction in employment in the recession.

19As explained above, the effect of a rise in β on L+t = n
+
t +N

−
t equals:

∂L+t
∂β

=
∂N−t
∂β

+
∂n+t
∂N−t

∂N−t
∂β

8



recession due to the insider wage hike (∂N
−
t

∂β
) and the number of entrants that

replace them (− ∂n+t
∂N−t

). Thus A plays a crucial role in determining the magnitude

of the effect of an insider wage hike on average employment (∂L
∂β
). In this regard,

we can state the following proposition:

Proposition 1 (1) The greater the amount of on-the job training, the fewer
insiders are fired in recession in response to an insider wage hike, i.e. a rise in
A weakens the negative effect of a rise in insider power (β) on recession-time
employment (N−

t ).
(2.) The greater the amount of on-the job training, the greater is the number

of entrants that replace each fired insider in the subsequent upturn, i.e. a rise
in A increases − ∂n+t

∂N−t
when P < P ∗ (where P ∗ = 1

δ(A−1) when a = 1, and

P ∗ = 1
δ(A−1)2 when a = A). This effect is stronger when the workers’ learning

period is prolonged (i.e. a = 1) and economic shocks are transient (i.e. P is
small).
(3.) Thus, the greater is the amount of on-the-job training, the less contrac-

tionary is the effect of an insider wage hike on average employment, i.e. a rise in
A makes the effect of insider power (β) on average employment (L) less negative.
This influence is more important when a = 1 and P is small.
(4.) An insider wage hike increases average employment when the magnitude

of on-the-job training (A) is sufficiently high, economic shocks are sufficiently
transient and the workers’ learning period is prolonged, i.e. a rise in insider
power (β) increases average employment (L) when (− ∂n+t

∂N−t
) > 2. This occurs

when a = 1 and the amount of on the job training (A) is greater than A∗ =
1+δP−

q
(1+δP )2−8(1+δP ) δ2P2

1−δP
2 δ

2P2

1−δP
. This threshold value A∗ only exists if δP < 1

3
.

Proof. See Appendix C.
These results can be explained intuitively as follows.
(1) As noted, a rise in the present value of the marginal worker’s expected in-

come (ω−t ) reduces recession-time employment in efficiency units of labor (AN
−
t ).

Since on account of on-the-job training (A) insiders are more productive, the
number of people that these efficiency units actually represent is smaller the
greater is A.20 Thus, the greater is the amount of on-the-job training, the fewer
insiders are fired in the recession in response to the insider wage hike.
(2) On the other hand, the greater is the amount of on-the-job training,

the more productive are the insiders relative to the entrants and the greater is
the number of entrants that replace each insider fired in the recession (− ∂n+t

∂N−t−1
).

The importance of this second channel depends on the persistence of economic

20Furthermore, the greater is A the smaller is the fall in E−t , because the marginal product
in (8) is higher.
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shocks and on the duration of the workers’s learning period, as we can see in the
expression for (− ∂n+t

∂N−t−1
):21

∂n+t
∂N−

t−1
= −A+ δPaA+ δ2P2

1−δPA
2

1 + δPa2 + δ2P2

1−δPA
2

(14)

The explanation is the following. The number of entrants that replace one in-
sider (− ∂n+t

∂N−t−1
) depends on the expected present value of revenue of insiders and

entrants, over these workers’ tenure at the firm. When the insiders’ expected
present value of revenue is large relative to the entrants’, the number of entrants
that replace one insider is high. However, when insiders and entrants are alike in
the sense that their expected present value of revenue is similar, then the number
of entrants that replace an insider (− ∂n+t

∂N−t−1
) is low. The latter occurs when the

entrant will spend a relatively large part of his job tenure as an insider, i.e. when
the probability of being retained (P ) is sufficiently large (shocks are sufficiently
prolonged), and when the workers’ learning period is short.22 Conversely, if a
current entrant cannot be expected to spend much of his job tenure as an insider
(because shocks are transient or the workers’ learning period is prolonged), then
the number of entrants that replace one insider is high, provided that A is high.23

We can see this in Figure 1,24 that plots the relationship between (− ∂n+t
∂N−t−1

) (in

the y-axis) and A (in the x-axis) for several values of P : P1 = 0, P2 = 0.3,
P3 = 0.5, P4 = 0.7, P5 = 0.9, and for the two different values of a: a = A (i.e.
when the workers’ learning period is short) and a = 1 (i.e. when the workers’
learning period is prolonged).25

But the important point is this one: only when the current entrant cannot
be expected to spend much of his job tenure as an insider (because P is low and
a = 1), a further rise in the insiders’ productivity factor (A) may increase the
number of entrants that replace one insider in an important manner, as we can
see in Figure 1. Conversely, when the entrant is expected to spend a relatively
large part of his job tenure as an insider (because P is large and a = A), a
further increase in on-the-job training has a very small impact on the number of
21This expression is derived from (3).
22The more prolonged are the economic shocks, the fewer entrants replace one insider (for

any given value of A). For instance, for δ = 1 and P = 0, (− ∂n+t
∂N−t−1

) = A. Conversely when

P = 1, (− ∂n+t
∂N−t−1

) = −1. In the same vein, (− ∂n+t
∂N−t−1

) in (14) is lower when a = A (i.e. when

the workers’ learning period is short) than when a = 1 (i.e. when the workers’ learning period
is prolonged).
23Under these conditions, the expected present value of revenue of insiders and entrants is

sufficiently different.
24In Figures 1 and 2, the discount factor δ = 0.9.
25The reason why we do not plot the curves a = A for low values of P is explained in footnote

31.
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entrants that replace one insider. This very small impact may even be negative,
as Figure 1 shows.26

(3) Thus, for the two reasons explained above, the effect of an insider wage
hike on average employment becomes less contractionary the greater is the amount
of on-the-job training (A). This is illustrated in Figure 2, which represents the
relationship between the effect of an increase in insider power (β) on average em-
ployment (L) (in the y-axis) and the amount of on-the-job training (A) (in the
x-axis).27 This figure also shows that the influence of on-the-job training is more
important when economic shocks are transient and when the workers’ learning
period is prolonged.
(4) Moreover, the magnitude of (− ∂n+t

∂N−t−1
) can even change the sign of (13): as

we can see, an insider wage hike increases average employment when (− ∂n+t
∂N−t−1

) >

2, and this occurs when the magnitude of on-the-job training is sufficiently
large,28 economic shocks are sufficiently transient and the entrant’s learning pe-
riod is prolonged.29 In particular, as Figure 2 shows, when the workers’ learning
period is prolonged, i.e. a = 1, and there is no probability that the shock persists,
i.e. P = 0, the insider wage hike increases average employment for any A greater
than 2.30 Likewise, when a = 1 and P = 0.3, i.e. when the probability that the
shock persists is 0.3, the insider wage hike increases average employment for any
A greater than 2.5.31

26When entrants are expected to spend a long period in the firm as insiders, a rise in the
amount of on-the-job training significantly increases the present value of their future revenue as
insiders, and thus the expected present value of revenue of insiders and entrants may become
more alike. In this situation, a rise in the amount of on-the-job training reduces the number
of entrants that replace one insider.
27In this Figure, c = 0.001 and µ = 0.1. The same qualitative results hold for any other

values of these parameters.
28Note that, in the absence of on-the-job training, an insider wage hike unambiguously

reduces average employment.
29We extend this analysis for asymmetric Markov processes and nonlinear marginal product

functions in Appendix G. There we show that the more frequently the economy is in booms,
the more relevant it becomes that the insider wage hike increases boom-time employment. We
also show that the same happens the more convex, or the less concave is the marginal product
function. When the probability that the economy is in booms is sufficiently large and the
marginal product function is sufficiently convex, an insider wage hike may increase average
employment.
30In Appendix D, we explain the behavior of the curves in Figure 2 when ∂L

∂β is positive.
31As noted by one referee, the case in which a = A is only relevant when economic shocks

are sufficiently prolonged, i.e. the firm will not fully train the entrants in the initiation period
if it expects to fire them before they become insiders. This is the reason why the case in which
a = A is meaningless for low values of P . Conversely, when a = 1, the model is meaningful for
low values of P , since the entrants do not receive any training in the initiation period.
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3.2 The effect of insider power on output and productiv-
ity

In the recession, an insider wage hike reduces the number of insiders, and thus
it reduces recession-time output. The existence of diminishing returns to labor
implies that the productivity of the remaining insiders in the recession is higher.
In the subsequent upturn, each fired insider is replaced by several less pro-

ductive entrants. Thus the output that the fired insiders would have generated
is now produced by the entrants that replace them. As a consequence, boom-
time output is hardly affected. For instance, in the simple case in which the
economic recovery lasts only one period, i.e. P = 0, the number of entrants that
replace one insider fired in the recession equals the efficiency of that insider, i.e.
(− ∂n+t

∂N−t−1
) = A. Thus the output in the boom remains unaffected.32 Since the

proportion of less productive entrants has increased, the consequence is that the
productivity of the workforce in the boom is lower.
Thus, there is one main force that tends to reduce average output: there are

less insiders in the recession. The influence of on-the-job training in this context
is summarized in the following proposition:

Proposition 2 A rise in A weakens the negative effect of a rise in insider power
(β) on recession-time output (Q−t ) and therefore it weakens the negative effect of
a rise in insider power (β) on average output (Q).

Proof. See Appendix E.
32In the more general case in which 0 < δP < 1, the fact that several entrants replace

one fired insider produces a reallocation of employment in efficiency units of labor between
the upturn and the subsequent booms. Although this may affect (average) boom-time output
for realistic values of δ close to 1, this change is unimportant compared to the reduction in
recession-time output due to the insider wage hike. See Appendix E.
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The explanation of the result of proposition 2 is the following. The greater is
the amount of on-the-job training, the greater is the marginal product of insiders
in (8). Thus, fewer insiders are fired due to the insider wage hike and therefore
less output is lost. As a result, as on-the-job training increases, the effect of an
insider wake hike on recession-time output, and thus on average output, becomes
less contractionary.
Regarding average productivity, there are two countervailing forces that affect

it. On the one hand, an insider wage hike means fewer insiders in the recession,
which in turn means a greater productivity of these insiders. On the other hand,
the fired insiders are replaced by less productive entrants, which tends to lower
productivity. The following proposition describes the influence of on-the-job
training in this context:

Proposition 3 (1.) A rise in the amount of on-the-job training (A) has a neg-
ligible influence on the positive effect of insider power (β) on recession-time pro-

ductivity (Q
−
t

N−t
).

(2.) A rise in A increases the number of less productive entrants that replace

one insider in the upturn (− ∂n+t
∂N−t

) when P < P ∗. This effect is more important
when a = 1 and P is small. This tends to magnify the fall in boom-time produc-
tivity in response to an insider wage hike (unless both the increase in (− ∂n+t

∂N−t
) is

very small and A is sufficiently large).
(3.) Thus, a rise in A makes the effect of insider power (β) on average

productivity (Q
L
) less positive when it increases (− ∂n+t

∂N−t
), i.e. when P < P ∗

(unless both the increase in (− ∂n+t
∂N−t

) is very small and A is sufficiently large).
This influence is more important when a = 1 and P is small.
(4.) When the number of entrants that replace one insider is sufficiently

large, i.e. (− ∂n+t
∂N−t−1

) >
³
2− L

Q
∂Q

∂N−t

´
, a rise in insider power (β) reduces average

productivity (Q
L
).

Proof. See Appendix F.
The intuition behind these results is the following:
(1.) A rise in on-the-job training A weakens the negative effect of insider

power on recession-time employment and also weakens the negative effect of
insider power on recession-time output. Thus, its influence on recession-time
productivity is negligible.33 For instance, in the simple case in which the eco-

33As we show in the proof of Proposition 3, as on-the-job training increases, the effect of an
insider wage hike on recession-time productivity becomes less expansionary. The main reason
is that the greater is the amount of on-the-job training, the less contractionary is effect of
insider power on recession-time employment, and thus the existence of diminishing returns to
labor implies that the effect on recession-time productivity is less expansionary. However, this
influence of on-the-job training is negligible.
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nomic recovery lasts only one period, i.e. P = 0, a rise in A has no influence on
the effect of a rise in insider power β on recession-time productivity Q−t

N−t
.

(2.) and (3.) On the other hand, the greater is the amount of on-the-job
training, the greater is the number of less productive entrants that replace one
skilled insider, and thus the less expansionary is the effect of an insider wage hike
on average productivity. As noted above, this influence of on-the-job training is
important when economic shocks are sufficiently short and the workers’ learning
period is prolonged. This tends to magnify the fall in boom-time productivity in
response to an insider wage hike.
Nevertheless, when the increase in the number of entrants that replace one

insider due to the rise in A is very small, and A is sufficiently large, it may occur
that a further rise in A makes more expansionary the effect of an insider wage
hike on boom-time productivity (and thus on average productivity). The reason
is that the rise in A significantly increases the productivity of the remaining
insiders,34 while the loss in productivity due to the number of less productive
entrants that replace one insider is very small.
(4.) When the number of entrants that replace one insider is sufficiently large

(because on-the-job training is sufficiently high, shocks are sufficiently short and
the workers’ learning period is prolonged), the insider wage hike will actually
reduce average productivity. This occurs when:35

− ∂n+t
∂N−

t−1
> 2− L

Q

∂Q

∂N−
t

(15)

Note that when 2 − L
Q

∂Q

∂N−t
< − ∂n+t

∂N−t−1
< 2, an increase in insider power reduces

both average employment and average productivity.36

4 Conclusions
In summary, we have shown that when insiders push up their wages and thereby
discourage insider employment in the recession, they make room for larger num-
bers of less productive entrants in the next upturn. Thus the fall in recession-time
insider employment is what paradoxically increases total boom-time employment.
Consequently, on-the-job training mitigates the contractionary effect of insider

34Recall that a rise in A reduces the number of insiders fired in response to an insider wage
hike, which means that there are more insiders in the boom (who are very productive since A
is already large). This tends to increase boom-time productivity.
35An increase in insider power has no effect on productivity when ∂Q

∂β L = Q∂L
∂β . This

expression implies that − ∂n+t
∂N−t−1

= 2− L
Q

∂Q

∂N−t
, since dQ

dβ =
dQ

dN−t

dN−t
dβ and using (13).

36This occurs because the reduction in output is greater than the reduction in employment,
since the increase in new entrants in the boom is not associated with an increase in boom-time
output.
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wage hikes on average employment. In other words, our analysis suggests that as
on-the-job training grows in importance in the industrialized economies, it may
cause insider wage hikes to have a less contractionary influence on employment.
Furthermore, it can make the effect of insider wage hikes on productivity less ex-
pansionary. These effects are stronger, the shorter are the economic shocks, and
the more prolonged is the learning period of the new recruits. These conclusions
are important because, in particular, the greater insider power in continental Eu-
ropean countries relative to the US has been perceived as a drag on employment,
but possibly harmless for productivity. But as result of skill-biased technological
change, these conclusions need to be revised.
Some important policy implications stem from our analysis. In contrast to

what some authors suggest and in line with the general perception of policymak-
ers, there is a case for policies aimed at insider wage moderation on employment
grounds, since the higher insider wages are harmful for employment and output
in the recession. Our analysis shows, however, that the growing importance of
on-the-job training may weaken such a case.
Our analysis also provides an additional argument for insider wage modera-

tion in the presence of on-the-job training, based on the negative effect of insider
wages on productivity. Insider wage increases reduce the rate of retention of
insiders with the consequent waste of skills and loss of productivity. In this con-
text, policies that help to reduce the learning period of entrants may mitigate
the negative effect on productivity in a scenario of insider wage increases.

A Appendix: Derivation of (2) and (7)
The solution of (1) is:£

Z+ − c ¡n+t +AN−
t−1
¢¤− rt+

δP
©
a
£
Z+ − c ¡an+t+1 +AN−

t

¢¤− w+t + δPΠ++0t+2 − δ(1− P )fª = h (16)
where Π++0t+2 is the present value of expected marginal profit if the boom persists:

Π++0t+2 = A
£
Z+ − c ¡An+t +AN−

t−1
¢¤−W+

t + δP Π++0t+3 − δ(1− P )f (17)

Since in the stationary equilibrium Π++0t+2 = Π++
0

t+3 , we can solve (17) for Π
++0
t+2 , and

substitute it into (16) to obtain the first order condition in the boom:£
Z+ − b ¡n+t +AN−

t−1
¢¤− rt + δP

©
a
£
Z+ − b ¡an+t +AN−

t−1
¢¤− w+ª

+
(δP )2

1− δP

©
A
£
Z+ − bA ¡n+t +N−

t−1
¢¤−W+

t

ª− δ2P (1− P )
1− δP

f = h (18)

where δ2P (1−P )
1−δP = ϕ in the text.
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The solution of (6) is:

A
£
Z− − c ¡AN−

t

¢¤−W−
t − δPf + δ(1− P ) Π+0t+1 = −f (19)

where Π+0t+1 is the marginal profit if economic conditions improve:

Π+0t+1 = A
£
Z+ − c ¡n+t+1 +AN−

t

¢¤−W+
t + δP

©
A
£
Z+ − c ¡an+t+1 + AN−

t

¢¤
−W+ + δPΠ++0t+3 − δ(1− P )fª− δ(1− P )f (20)

Substituting Π++0t+3 , that can be obtained from (17), we obtain:

Π+0t+1 = A
£
Z+ − c ¡n+t+1 +AN−

t

¢¤− W+
t

1− δP
+ δP

©
A
£
Z+ − c ¡an+t+1 +AN−

t

¢¤
+

δP

1− δP
A
£
Z+ − c ¡An+t + AN−

t−1
¢¤¾− δ(1− P )

1− δP
f (21)

Substituting (21) into (19), we obtain the marginal condition in the recession.
Collecting the terms with f in the right-hand side, we obtain that the coefficient
is δ2(1−P )2−(1−δP )2

1−δP , which is equal to 1
1+φ
, where φ = δP (1−δP )+δ2(1−P )2

(1−δP )2−δ2(1−P )2 .

B Appendix: The Nash bargain
The Nash bargain is:

Max
W i
t

Ω =
£
W i
t + θei − ¡w0 + θei

¢¤µ h
ZiA− c

2
A2N−

t −W i
t + ϑei − ¡−α+ ϑei

¢i1−µ
(22)

where i = +,−. Under agreement, the worker’s utility is W i
t + θei, where θei is

expected utility in the future, and the firm’s profit is ZiA− c
2
A2N−

t −W i
t + ϑei,

where ϑei is the future expected average profit. Under disagreement workers
go on strike: the worker’s utility is w0 + θei, and the firm’s expected profit is
−β + ϑei. Note that θei is identical under agreement and disagreement, and
the same happens to ϑei, since we assume that the union sets β to avoid the
representative worker being fired during the strike and replaced by a new worker.
The expression for the wageW i

t is the solution of (22). In the boom,W
+
t equals:

W+
t = (1− µ)w0 + µ

³
AZ+ − c

2
A2N−

t + β
´

(23)

In the recession, W−
t equals

W−
t = w

0 +
µ

λ

³
AZ− − c

2
A2N−

t − w0 + β
´

(24)
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where λ = 1 + (1− µ) c
2
A2

∂N−t
∂W−

t

, and ∂N−t
∂W−

t

equals (from (7) and (14)):

∂N−
t

∂W−
t

= −
∂ω−
∂W−

t

∂M−
∂N−

= − 1

cA2 + δ(1−P )
1−δP cA

2 + δ(1− P )c
³
A+ δPaA+ δ2P2

1−δPA
2
´

∂n+t
∂N−t−1

The term λ appears because, since the wage negotiation occurs before the
employment decision, the union must take into account that a rise in the insider
wage reduces employment in the recession. This, in turn, increases the average
product, which will further increase the wage. (In the expression forW+

t in (23),
this term λ does not appear because when W+

t is being negotiated, employment
N−
t−1 is already given.) We show in Figure A1 that λ behaves nearly as a constant.

This Figure plots λ is in the vertical axis, A is in the y-axis, on the right-hand
side, and P is in the x-axis, on the left-hand side, for given µ and c.37
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Figure A1
Thus, the term λ is going to play no role in the analysis. In fact, when we

include this term in the proofs of the propositions below (see Appendix C) we
obtain exactly the same qualitative conclusions. Thus, for simplicity we ignore
the term λ in the expression for the wage in (10).
As noted, the union sets β to avoid the workers being fired during the strike

and replaced by new workers. Thus β satisfies the condition −β + ϑei ≥ −(f +
h) + ψ + ϑei (we assume that ϑei is identical for the potential entrants and the
current insiders). The value of β is set by the union before the wage negotiation.
Since the union seeks to maximize the wage, then the restriction is satisfied with
equality and thus β is the expression in (11).

37As in the Figures of the text, c = 0.001 and µ = 0.1.
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C Appendix: Proof of Proposition 1
Proof. (1.) Using (8), (9) and (14), a rise in β has the following effect on N−

t :

∂N−
t

∂β
= −

∂ω−
∂β

∂(M−−ω−)
∂N−

=
−µ

³
1 + δ(1−P )

1−δP
´

A2
¡
1− µ

2

¢ ³
1 + δ(1−P )

1−δP
´
c− δ(1− P )

³
A+δPaA+ δ2P2

1−δP A
2
´2

1+δPa2+ δ2P2

1−δP A
2
c

(25)

The denominator of (25) is greater the greater is A. Figure A2 plots ∂N−t
∂β

(y-axis)
with respect to A (x-axis), for the same values of the parameters as Figures 1

and 2, and shows that the greater is A, the less negative is ∂N−t
∂β
. Observe that,

if we consider the expression for the wage in (24), the numerator of ∂N−t
∂β

equals

−µ
³
1
λ
+ δ(1−P )

1−δP
´
. Figure A3 uses this numerator, and shows that the inclusion

of the term λ does not affect the qualitative results (Figure A3 is almost identical
to Figure A2).
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(2.) The expression for (− ∂n+t

∂N−t−1
) is in (14). When a = A, the influence of a

rise in A on − ∂n+t
∂N−t−1

equals:

− ∂2n+t
∂N−

t−1∂A
=
(1− δP ) [1− δP (A− 1)2]

[1 + δP (A2 − 1)]2 (26)

It is positive when P < P ∗ = 1
δ(A−1)2 , and the expression is greater the smaller

is P .
When a = 1, the influence of a rise in A on − ∂n+t

∂N−t−1
equals:

− ∂2n+t
∂N−

t−1∂A
=
(1− δ2P 2)

£
1− δ2P 2(A− 1)2¤£

1 + δ2P 2(A2 − 1)¤2 (27)
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It is positive when P < P ∗ = 1
δ(A−1) , and the expression is greater the smaller is

P .
Thus a rise in A increases (− ∂n+t

∂N−t−1
) more when a = 1 and P is sufficiently

small, provided that P < 1
δ(A−1) . The expressions (26) and (27) also show that

when P is sufficiently large, the rise in A has a very small effect on (− ∂n+t
∂N−t−1

).

(3.) It follows from (1.) and (2.)

(4.) From (13) we can see that ∂L
∂β
is positive when− ∂n+t

∂N−t−1
> 2. By (14), when

a = 1,− ∂n+t
∂N−t−1

> 2 whenA > A∗ = 1+δP−D
2 δ

2P2

1−δP
, whereD =

q
(1 + δP )2 − 8 (1 + δP ) δ2P2

1−δP .

This threshold value does not exist whenD ≤ 0, i.e. when P > 0.37 (for δ = 0.9).
That is, when a = 1, if P > 0.37, it holds that ∂L

∂β
< 0.

D Appendix: Comments on Figure 2
In Figure 2, we see that the effect of an insider wage hike on employment may
be positive for sufficiently large A when a = 1 and P is low (for δ = 0.9). The
proof of proposition 1 in Appendix C gives the value of the threshold value A∗.
As Figure 2 shows, ∂L

∂β
starts becoming less expansionary from a specific value of

A. The reason is twofold. First, as explained above, the greater is the amount of
on-the-job training A, the less workers are fired in a recession in response to an
insider wage hike. This tends to make less expansionary ∂L

∂β
, since there are less

insiders fired and thus less workers to be replaced. Second, when A is very large,
a further rise in A may in fact reduce − ∂n+t

∂N−t−1
, as indicated in Footnote 26. The

reason is that when the insiders’ marginal product A
£
Z+ − b(An+t +AN−

t−1)
¤
has

an important weight in determining the present value of the expected product
over the marginal entrant’s job tenure (relative to the entrant’s current marginal
product

£
Z+ − b(n+t +AN−

t−1)
¤
), a rise in A may increase this weight further.

Thus the present value of the entrants’ expected marginal product and that of
the insiders become more similar, and as a result the number of entrants that
replace one insider − ∂n+t

∂N−t−1
is smaller.

We can show that, although ∂L
∂β
> 0 becomes less expansionary when A is

sufficiently large, it does not become negative again unless A reaches implausibly
high values. By (14), for a = 1 it holds that − ∂n+t

∂N−t−1
< 2 not only when A < A∗

but also when A > A∗∗ = 1+δP+D

2 δ
2P2

1−δP
. Thus, if ∂L

∂β
becomes positive for A > A∗, it

becomes negative again when A > A∗∗. When P = 0.3 and δ = 0.9, the value
of A∗∗ = 10.2. When P = 0.2 and δ = 0.9, the value of A∗∗ = 27.7. (When

P = 0.4, − ∂n+t
∂N−t−1

is smaller than 2 for any A, and thus ∂L
∂β
< 0 for any A.)
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E Appendix: Proof of Proposition 2
Proof. We show the following result: (1.) An increase in insider power β reduces
recession-time output Q−t ,

∂Q−t
∂β

< 0, and a rise in A weakens this negative effect.

(2.) An increase in β reduces average outputQt,
∂Qt
∂β
< 0, and a rise in A weakens

this negative effect. (3.) The effect of an increase in β on boom-time output Q+t
is ambiguous and negligible. We can then conclude proposition 2.
(1.) Recession-time output is

Q−t =
³
Z− − c

2
E−t
´
E−t (28)

Thus ∂Q−t
∂β

equals:

∂Q−t
∂β

=
¡
Z− − cE−t

¢ ∂E−t
∂β

< 0 (29)

i.e. it is negative since ∂E−t
∂β

= A∂N−t
∂β

< 0 (see (25)). A rise in A makes this effect
less contractionary:

∂2Q−t
∂β∂A

= −c∂E
−
t

∂A

∂E−t
∂β

+
¡
Z− − cE−t

¢ ∂2E−t
∂β∂A

> 0 (30)

This is positive because ∂E−t
∂A

> 0 and ∂2E−t
∂β∂A

= A∂2N−t
∂β∂A

> 0 (as shown in the proof

of Proposition 1, in Appendix C). Figure A4 plots ∂Q−t
∂β

with respect to A (for
the same values of the parameters as Figures 1 and 2).38
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Figure A4

38Note that ∂Q−t
∂β depends on the value of N−t , and thus it depends on the value of all the

parameters that determine N−t . For simplicity, we give an arbitrary value to N
−
t = 100.

∂Q−t
∂β

also depends on Z−, which we give the value 0.9.
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2. Average output equals Q = 1
2

¡
Q+t +Q

−
t

¢
, where (average) boom-time

output is:39

Q+t = (1− P )
³
Z+ − c

2
E+ut

´
E+ut + (1− P )P

³
Z+ − c

2
E++t

´
E++t

+P 2
³
Z+ − c

2
E+st

´
E+st (31)

where E+ut = n+t +AN
−
t−1 is employment in efficiency units in an upturn, E

++
t =

an+t +AN
−
t−1 is employment in efficiency units in a boom that lasts two periods

and E+st = n+t +AN
−
t−1 is employment in efficiency units in a boom in which all

the workers are skilled workers. Note that
¡
Zi − c

2
Eit
¢
Eit is output per efficiency

unit of labor times employment in efficiency units. For simplicity, we consider
that a = 1 (although the analysis also holds for a = A), so E+ut = E++t . The
effect of a rise in β on Q is:

∂Q

∂β
=

1

2

½
(1− P 2)

µ
− c
2

∂E+ut
∂β

¶
E+ut + P 2

µ
− c
2

∂E+st
∂β

¶
E+st +

µ
− c
2

∂E−t
∂β

¶
E−t

+(1− P 2)
³
Z+ − c

2
E+ut

´ ∂E+ut
∂β

+ P 2
³
Z+ − c

2
E+st

´ ∂E+st
∂β

+
³
Z− − c

2
E−t
´ ∂E−t

∂β

¾
(32)

This expression can be rewritten as (since ∂E+ut
∂β

= (A +
∂n+t
∂N−t−1

)
∂N−t
∂β

and ∂E+st
∂β

=

A(1 + ∂n+t
∂N−t−1

)∂N
−
t

∂β
):

∂Q

∂β
=

1

2

∂N−
t

∂β

·
(1− P 2)

µ
− c
2
(A+

∂n+t
∂N−

t−1
)

¶
E+ut

+P 2
µ
− c
2
A(1 +

∂n+t
∂N−

t−1
)

¶
E+st +

³
− c
2
A
´
E−t

¸
+
1

2

∂N−
t

∂β

·
(1− P 2)

³
Z+ − c

2
E+ut

´
(A+

∂n+t
∂N−

t−1
)

+P 2
³
Z+ − c

2
E+st

´
A(1 +

∂n+t
∂N−

t−1
) +

³
Z− − c

2
E−t
´
A

¸
(33)

where ∂n+t
∂N−t−1

is in (14). Figure A5 plots ∂Q
∂β
(y-axis) with respect to A (x-axis) for

the same values of the parameters as Figures 1, 2 and A4 (so it includes different

39From the Markov chain, 1−P2 is the long-run Markov transition probability of an upturn,
P (1−P )

2 is the long-run Markov transition probability of a boom that lasts two periods, and
P2

2 is the long-run Markov transition probability of a boom that lasts at least three periods.
Since 1

2 is the probability of a boom, and now we are only considering the boom, then 1− P
is the probability of an upturn, P (1− P ) is the probability of a boom that lasts two periods,
and P2 is the probability of a boom that lasts at least three periods.
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scenarios in which a = 1 and a = A).40 It shows that ∂Q
∂β
< 0 and that a rise in

A weakens the effect (for any value of P ). Figure A6 plots only the third and
fourth rows of (33). This Figure is almost identical to Figure A5, which means
that the main influence of β on Q is via employment in efficiency units of labor.
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Figure A6
3. The effect of a rise in β on Q+t is:

∂Q+t
∂β

=
∂N−

t

∂β

·
(1− P 2)

µ
− c
2
(1 +

∂n+t
∂N−

t−1
)

¶
E+ut + P 2

µ
− c
2
(A+

∂n+t
∂N−

t−1
)

¶
E+st

¸
+
∂N−

t

∂β

·
(1− P 2)

³
Z+ − c

2
E+ut

´
(A+

∂n+t
∂N−

t−1
)

+P 2
³
Z+ − c

2
E+st

´
A(1 +

∂n+t
∂N−

t−1
)

¸
(34)

Figure A7 shows that the effect of a rise in β on Q+t is negligible compared with
the effect of β on Q−t plotted in Figure A4 (this Figure is plotted for the same
values of the parameters as Figure A4 and A5, so it includes different scenarios
in which a = 1 and a = A).
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Figure A7
In fact, as the figure shows, the greater is A, the more likely the effect of a

rise in β on Q+ is negative. The reason is the following. Average employment in
40Note that ∂Q

∂β depends on two more variables than Figure A4, which are n
+
t and Z

+. For
the reason explained in footnote 38, we give an arbitrary value to n+t = 10, and Z

+ = 1.
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efficiency units in a boom E+ equals (we consider a = 1, although the analysis
also holds for a = A):

E+ = (1− P )(1 + P )E+ut + P 2E+st

Recalling that by (3) boom-time employment in efficiency units of labor must
satisfy the condition (1+δP )E+ut + (δP )2

1−δPAE
+s
t+1 = C, where C is a constant, then

we can write the effect of β on E+ as

∂E+

∂β
=

·
(1− P )(1 + P ) + P 2

µ
−(1 + δP )(1− δP )

A(δP )2

¶¸
∂E+u

∂E−
∂E−

∂β
(35)

The expression for ∂E+u

∂E− = ∂n+t
∂E−t−1

+1 = − 1+δP+
(δP )2

1−δP A

1+δP+
(δP)2

1−δP A
2
+1 > 0 (which implies that

a rise in β that reduces E− also reduces E+ut , and as a consequence, it increases
E+st+1). Thus (35) becomes negative when·

(1− P )(1 + P ) +
µ
−(1 + δP )(1− δP )

Aδ2

¶¸
> 0

which means that A > 1−(δP )2
δ2(1−P 2) , i.e. the greater is A, the more likely

∂E+

∂β
is

negative. Furthermore, the greater is A, the smaller is ∂E+u

∂E− .

F Appendix: Proof of Proposition 3

Proof. (1.) Average product (productivity) in the recession equals Q
−
t

N−t
= AZ−−

c
2
A2N−

t . A rise in β has the following effect on it:

∂
³
Q−t
N−t

´
∂β

= − c
2
A2

∂N−
t

∂β
> 0 (36)

i.e. it is positive because a rise in β reduces N−
t , as shown in section (1.) of

Appendix C. Figure A8 plots
∂

µ
Q−t
N−t

¶
∂β

with respect to A (for the same values
of the parameters as Figures 1, 2 and A4). This Figure shows that a rise in A

makes
∂

µ
Q−t
N−t

¶
∂β

less positive, although this influence is negligible.
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(2.) See the proof in section (2.) of Appendix C. Average product (produc-

tivity) in the boom equals Q+ in (31) divided by L+ (for simplicity, we consider
that a = 1):

Q+t
L+

= (1− P 2)
³
Z+ − c

2
E+ut

´ E+ut
L+

+ P 2
³
Z+ − c

2
E+st

´ E+st
L+

(37)

The effect of a rise in β equals:

∂
³
Q+

L+

´
∂β

=
∂N−

t

∂β

½·
−(1− P 2)E

+u
t

L+
c

2
(A+

∂n+t
∂N−

t−1
)− P 2A2 c

2
(1 +

∂n+t
∂N−

t−1
)

¸

+

(1− P 2)³Z+ − c
2
E+ut

´ (A+ ∂n+t
∂N−t−1

)L+ − E+ut (1 + ∂n+t
∂N−t−1

)

(L+)2

(38)
which is negative. Figure A9 plots

∂

µ
Q+

L+

¶
∂β

(y-axis) with respect to A (x-axis) for
the same values of the parameters as Figures 1, 2, A7 and A8, and shows that
∂

µ
Q+

L+

¶
∂β

is negative (this Figure includes different scenarios in which a = 1 and
a = A, where P1 = 0, a = 1 is the lowest curve and P5 = 0.9, a = A is the highest
one). This Figure also shows that a rise in A (that increases − ∂n+t

∂N−t
) magnifies

the fall in boom-time productivity in response to an insider wage hike, unless
the values of the parameters are such that both the increase in (− ∂n+t

∂N−t
) is very

small (see Figure 1) and A is sufficiently large.
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(3.) It follows from (1.) and (2.). Figure A10 plots the effect of a rise in β

on average productivity
∂(QL )
∂β

= 1
2

Ã
∂

µ
Q+

L+

¶
∂β

+
∂

µ
Q−
N−

¶
∂β

!
(where

∂

µ
Q+

L+

¶
∂β

is in (38)

and
∂

µ
Q−
N−

¶
∂β

is in (36)) with respect to A (
∂(QL )
∂β

is in the y-axis and A is in the
x-axis). This Figure is plotted for the same values of the parameters as Figures
1, 2, A8 and A9, where P1 = 0, a = 1 is the lowest curve and P5 = 0.9, a = A is
the highest one:
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Figure A10 shows that a rise in A makes the effect of insider power β on

average productivity Q
L
less positive. Using Figure 1, we can see that this occurs

when the rise in A increases (− ∂n+t
∂N−t

) (unless both the increase in (− ∂n+t
∂N−t

) is very

small and A is sufficiently large). This Figure also shows that this influence is
more important when a = 1 and P is small.
(4.) An increase in insider power reduces average productivity when ∂Q

∂β
L <

Q∂L
∂β
. This expression implies that − ∂n+t

∂N−t−1
> 2 − L

Q
∂Q

∂N−t
, since dQ

dβ
= dQ

dN−t

dN−t
dβ

and using (12). Figure A10 shows that for sufficiently large A (since − ∂n+t
∂N−t−1

is

larger),
∂(QL )
∂β

becomes negative.
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G Appendix: Asymmetric Markov chain and
nonlinear marginal product function

Consider the production function Qit = F i (Eit) , i = +,− , F i0 > 0, F i00 <
0. Suppose that P+ is the probability of remaining in a boom and P− is the
probability of remaining in a recession. (The long-run Markov probability of a

boom is π+ = 1−P−
(1−P+)+(1−P−) ). In this context

∂n+t
∂N−t−1

equals:

∂n+t
∂N−

t−1
= −A+ δP+aAY +

(δP+)
2

1−δP+ A
2X

1 + δP+a2Y + (δP+)2

1−δP+A
2X

(39)

where Y =
F+00(an+t +AN−t−1)
F+00(n+t +AN

−
t−1)

and X =
F+00(An+t +AN−t−1)
F+00(n+t +AN

−
t−1)

. The MRPL function is

convex when Y < 1 and X < 1 and concave when Y > 1 and X > 1. The change
of average employment when insider power increases is

∂L

∂β
=

∂N−
t

∂β

µ
1 + π+

∂n+t
∂N−

t−1

¶
(40)

On the one hand, observe that π+ ∂n+t
∂N−t−1

is greater the higher is π+ and the more

convex is theMRPL. When π+ is sufficiently large and X and Y are sufficiently
small, (40) is positive. On the other hand, now the denominator of ∂N−t

∂β
depends

directly on the magnitude of F i00(·). If the function is convex, a rise in A reduces
the magnitude of F i00(·) and thus a rise in the amount of on-the-job training
reduces to a lesser extent the number of people fired in the recession due to the
increase in insider power.
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