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Abstract

Do firms have the right incentives to innovate in the pres-
ence of spillovers? This paper proposes an explicit channel of
spillovers through labor flows within a framework of competitive
search. Firms can choose to innovate or to imitate by hiring a
worker from a firm that has already innovated. We show that
with long-term wage contracts information spillovers caused by
worker turnover are efficiently internalized. If innovating firms
cannot commit to long-term wage contracts, there is too little
innovation and too much imitation. A combination of a sub-
sidy to innovation and a fee to imitation can restore efficiency.
A stand-alone subsidy of innovating firms will also improve effi-
cency. A fee on imitation has ambigous welfare effects, although
it reduces imitation it also reduces innovation. Restrictions on
labor mobility reduces welfare.
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1 Introduction

Do firms have the right incentives to innovate when innovations cause
information spillovers to other firms? This paper proposes an explicit
channel of spillovers through labor flows within a framework of com-
petitive search. Firms can choose to innovate or to imitate by hiring a
worker from a firm that has already innovated. We show that if firms
can commit to long-term wage contracts, the information spillovers are
efficiently internalized. In the absence of such contracts, there is too
little innovation and too much imitation, and hence a scope for policy.



We show that it is important to have the right mix of policy instruments
to improve efficiency. A combination of a subsidy to innovation and a
fee to imitation can restore efficiency.

For some innovations, knowledge spillovers can be restricted through
patents. However, it is much more difficult to prevent spillovers stem-
ming from innovations that are not necessarily linked to a specific output
or to a patentable invention. Such innovations can take many forms,
e.g. process improvements, managerial know-how, intellectual human
capital (see Mgen, 2005). It is both difficult to prevent workers from
learning about such innovations and write enforceable contracts about
such within-firm knowledge. Hence, labor flows between firms become
an important channel for inter-firm knowledge transfers.

We model spillovers within a competitive search framework. In order
to get knowledge of how to produce, firms may either invest in order to
innovate, or hire a worker from another firm that has already innovated
and who possesses the knowledge. The critical assumption is that it is
sufficient that one party knows the innovation, either the entrepreneur
(the firm) or the worker. If the firm has innovated, it can hire any worker
from the pool of unemployed (and inexperienced) workers. If the firm
chooses the imitation strategy, it is constrained by the availability of
workers who have learned the innovation by his employer. The equi-
librium of our model typically exhibits both innovation and imitation,
although firms are identical ex-ante.

The focus of the analysis is on the efficiency properties of equilibrium.
A social planner faces a trade-off between innovation costs and search
costs. If a large fraction of the firms innovate, aggregate innovation
costs are high, as the innovation costs are duplicated in many firms.
On the other hand, the planner economizes on on-the job search and
replacement search costs, as less on-the-job search is necessary in order
to disseminate the information to imitating firms. The welfare maximum
optimally balances the trade-off between search costs and innovation
costs.

The question we address is whether competitive search equilibrium
will deliver the optimal allocation of resources. We show that this de-
pends on what restrictions we make on the contract space. If an in-
novating firm can commit to long-term wage contracts, it will commit
to high wages for experienced workers with knowledge of the innova-
tion, so that these workers have the right incentives when searching for
an imitating firm. In particular, innovating firms will give the full net
surplus of the second period to the worker. Hence the search behavior
optimally trades off the net gain of remaining in the firm with the gain
from leaving. Firms are willing to give the full surplus to the worker



in the second period since they can extract profits from the worker by
setting the wage in period 1. The recruiting decision in the first period
(and all other recruiting decisions) are optimal from an aggregate per-
spective because the innovating firm is able to extract the entire social
value of its innovation. The two elements together, full commitment and
competitive search, yield efficiency of equilibrium.

From both a theoretical and an empirical perspective full commit-
ment might be too strong an assumption. If firms cannot commit to
future wages, it cannot credibly commit to leave the full second-period
match surplus to the worker. Hence the firm can no longer separate the
problems of rent extraction and optimal retention. The second-period
wage will be lower, and more firms will find it worthwhile to imitate
and search for underpaid informed workers. Through the participation
constraint of the workers, the inefficient on-the-job search decisions are
passed on to the innovating firms, who obtain a lower total surplus and
hence weaker incentives to innovate than with full commitment. Hence
the equilibrium delivers too little innovation and too much imitation
compared with the socially optimal levels.

The allocation of the no-commitment equilibrium does not reach
efficiency and therefore leaves room for welfare improving policies. An
important conclusion from our policy analysis is that the right mix of
policy instruments is crucial to increase efficiency. A subsidy to in-
novators together with a fee on imitation can implement the efficient
allocation. A subsidy to innovating firms is welfare improving, while a
fee on imitation by itself has countervailing effects as it reduces imita-
tion but also innovation. The net effect is uncertain. Finally, we use the
model to analyze the welfare effects of restrictions on worker mobility.
In our set-up, this turns out to be welfare-detoriorating. At this point
our findings contrast those of Marimon and Quadrini (2011).

There is a substantial empirical literature on R&D spillovers and
worker flows. Mgen analyses spillover effects by analyzing wage profiles
of workers in R&D intensive firms, and compare them with wage profiles
in ordinary firms. The hypothesis is that R&D intensive firms generate
new knowledge which will be shared by the workers. As a result, workers
in R&D intensive firms will receive a high wage later in their careers,
and foreseeing this accept a low wage early on in their careers. This is
confirmed by data. Mgen finds that the technical staff in R&D-intensive
firms receive a discount in the beginning of the career is 6.1 percent and
the premium at the end of the career is 6.8 percent. Mgen concludes
that the potential externalities associated with labor mobility are, at
least partially, internalized in the labor market.

Several papers study the effect of the mobility of engineers and sci-



entists using patent citation data. Although our analysis regards non-
patented ideas, one may hypothesize that the dissemination of knowledge
of patentable innovations also shed light on the dissemination pattern
of non-patentable ideas. Almeida and Kogut (1999) use US patent ci-
tation data to show that ideas spread through the mobility of patent
holders. Jaffe, Trajtenberg and Henderson (1993) find that patent cita-
tions come disproportionately from geographical areas close to the cited
patent. Brechi and Lissoni (2009) find that the movement of inventors
between firms account for a very large fraction of the localized patent
citations. Kim and Marschke (2005) obtain similar results.

Our notion of innovations is not only restricted to the outcome of
R&D in the traditional sense, but captures all forms of improvement
in production technology broadly defined. Greenstone, Hornbeck and
Moretti (GHM) analyze productivity spillovers by comparing changes in
total factor productivity on incumbent firms stemming from the open-
ing of new large manufacturing plants in the US. They find that positive
spillovers exist and are increasing in the worker flow between the incum-
bent plants’ industry and the opening plants industry. GHM conclude
that their finding is consistent with the notion that spillovers are embed-
ded in workers that move between firms. A related strand of the empir-
ical literature studies the effect of multinationals to non-multinational
firms. In a recent paper, Balsvik (2011) analyzes labor mobility as a
channel of spillovers from multinationals (MNEs) to non-MNE in Nor-
way. She finds that profits of non-MNEs increases when hiring workers
from MNEs, and attributes this to knowledge spillovers. See also Goérg
and Strobl (2005) who get similar results.

Within industrial organization there is a literature on spillovers through
worker mobility. The seminal paper is Pakes and Nitzan (1983). A mo-
nopolist innovates, and as in our model an employee learns the innova-
tion. If this employee moves to a potential competitor, the two firms
will engage in duopoly competition. It is shown that the employee will
quit if and only if aggregate duopoly profit is greater than the monopoly
profit of the incumbent. Several other papers have developed these issues
further, see Fosfuri and Rgnde (2004), Combes and Duranton (2006 ),
Kim and Marschke (2005). Cooper (2001) examines labor mobility as a
source of knowledge spillovers in a competitive environment, and argues
that firms have an incentive to free-ride on the average amount of R&D
undertaken in society. In contrast with our paper, most of the contri-
butions in the IO literature do not explicitly model the labor market,
do not allow for entry of firms, and most importantly, do not model the
choice between innovation and imitation.

In the labor-search litterature, we do not know any theoretical stud-



ies of innovation and imitation. There is a small literature on on-the-job
investments in general human capital in the presence of search frictions,
see Acemoglu and Pischke (1999) and Moen and Rosen (2004). The dif-
ference between innovations and aquisition of human capital is that the
latter cannot costlessly be shared. Hence if the worker obtains general
human capital, a firm’s output falls if a trained worker leaves and is
replaced by an untrained worker.

The paper proceeds as follows. The two next sections 2 and 3 describe
the economy and analyze the equilibrium with commitment. Then, sec-
tion 4 establishes efficiency of the equilibrium with commitment. Section
5 studies a variant of the model with no commitment. We character-
ize equilibrium and do a welfare and policy analysis. Conclusions are
summarized in section 6.

2 Model Environment

The setting is a two-period competitive search model with a measure 1 of
initially unemployed workers and an endogenously determined measure
of firm entrants e; and e, for period 1 and period 2, respectively. A firm
can have at most one worker. All agents in the economy are assumed
to be risk-neutral. In the first period firms can enter to innovate and
then search for a worker. Innovating costs £ units of output. Posting a
vacancy to attract a worker costs K units of output. If a match is formed,
the firm and the worker produce y units of output in the first period and
again y units in the second period if the match continues. In the second
period there is entry of firms attempting to imitate the innovation by
poaching a worker from a firm that has innovated. Offering a vacancy
to employed workers has costs K. A firm that has successfully poached
a worker produces y units of output. Finally, innovating firms that have
lost a worker to an imitating firm can replace that worker by posting a
vacancy at no additional costs to the pool of unemployed workers.! If
the innovating firm successfully finds a replacement worker it produces
y units of output. We assume that the leisure value for a worker is
normalized to zero.

2.1 Timing
The following summarizes the timing protocol:

e First Period:

1. Firms enter to innovate: pay innovation cost k .

Vacacancy costs are usually comprised of (capital) costs of creating a job and
(labor) costs for the hiring process. Here, we set the latter costs to zero for simplicity.
The results would hold also for positive but relatively small hiring costs.



2. Firms then create a job at cost K and post a vacancy to fill
the job with an unemployed worker.

3. A successfully matched firm produces y units of output, other
firms exit.

e Second Period:

1. Firms enter to imitate by creating a job at cost K’ and post-
ing a vacancy to employed workers.

2. Incumbent firms that have lost a worker can post a vacancy
to replace the worker with an unemployed worker.

3. All matched firms produce y units of output, other firms exit.

4. Employed workers consumer their share of output, there is no
consumption if unemployed.

Note that this structure of moves entails two simplifications: First, we
rule out entry to innovation in the second period. This would complicate
the algebra considerably without qualitatively changing the results or
adding new insights. Secondly, we do not allow incumbent firms that
have lost a worker in the second period to poach workers from other
incumbent firms. Again this is a innocuous assumption to make the
model more tractable.

2.2 Wage Posting, Matching Technology, and Con-
tracts

The search frictions are modeled as in the competitive search framework
by Moen (1997). Before matching takes place firms post wages/contracts
that are observable by all workers in that market. Subsets of the market
with the same wage form a submarket. Each worker selects one submar-
ket to apply for a job. In each submarket matches are the outcome of
a matching technology. The technology is the same across submarkets
within a market, but we do not require the technology to be identical
across markets. The model has three matching markets: One for in-
novating firms in the first period, one for imitating firms in the second
period, and one for innovating firms that need to replace a worker in the
second period. We index the imitating firm market with superscript I,
the replacement market with superscript U, and omit the index for the
first period matching market. We assume that matching is governed by
a c.r.s. matching function m‘(s’, v’) < min{s’,v'}, where m’ is the total
number of matches and s’ the measure of searching workers, and v* the



measure of searching firms, and 7 is the index for the market. In particu-
lar we assume a Cobb-Douglas matching function: m'(s,v) = Als“v!=¢.
As it is common in the literature, we reformulate all matching-related
variables in terms of the labor market tightness §' = Z_z We denote

the probability of finding a worker by ¢(6) = m(0~,1) = @ and
the job finding probability as p(0) = 0q(0) = @ Note that with a
Cobb-Douglas matching function the elasticity of ¢ with respect to 6,

ie. —¢ g, is equal to the parameter ¢ (where by abuse of notation we
define ¢’ = 2—3).

Firms that successfully innovate in the first period can post contracts
specifying wage payments for both periods. We do not allow firms to
make counteroffers to offers from poaching firms.? We will always assume
that workers cannot commit and thus may leave the firm in the second
period if they receive an attractive offer from an imitating firm. On the
firm side we analyze two different settings. In the benchmark case we
assume that the innovating firm can fully commit to wages in the second
period promised in period one. We then consider the case where the firm
cannot commit to future wages.

3 Benchmark Model: The Case of Full Commit-
ment

This section analyzes the model where firms can fully commit to wage
contracts in period 1.

3.1 Workers’ Decisions and Values

In period one workers receive an offer for a wage contract consisting of
wy and wy for wages in period 1 and 2 respectively. In the second period
Imitating firms offer a wage w’, and workers hired from the unemploy-
ment pool (replacement market) are offered a wage w”. Unemployed
workers in period one receive a job offer with probability p(f). Em-
ployed workers in period 2 receive an offer from an imitating firm with
probability p!(#!). Unemployed workers in period 2 get a job offer with
probability pU (0Y).

For an employed worker in period 1, the value of a contract at the
beginning of period 1 is given by

Wl = W1 ‘l‘Wg,

where w; is the wage paid in period 1, and W5, the value of the contract
at the beginning of period 2, is defined as:

2In equilibriumwith full commitment they would not want to make a counteroffer
in this model.



Wy = wy + p[(el)[wl — wy).

That is, the value of a worker at an innovating firm at the beginning
of period 2 is the promised wage ws plus the the expected surplus from
getting the chance to move to an imitating firm.

The value of an unemployed worker at the beginning of period 1 and
period 2 then is

U1 = p(@)[Wl — UQ] -+ U2 (1)

and

Uy = pY(0Y)uY, (2)

respectively. An unemployed worker in period one picks the combi-
nation of {W;,0} with the highest value, and an unemployed worker in
period 2 chooses {wY,0Y}.

3.2 Firms’ Decisions and Values
3.2.1 Imitating Firms

Given the market value of an employed worker, W5, the imitating firm
in period 2 chooses {w!,#'} to maximize its profits:
Vi= max ¢'(0")(y —w') - K
61w
(3)

s.to Wy < wy + p! (08 (w! — wy),

As it is standard in competitive search models, the constraint entails
how the firm forms rational expectations about the workers’ trade-off
between the job finding probability and the wage (implying the trade-off
between the hiring probability and the wage). Anticipating equilibrium,
this maximization problem implies a job finding probability function
that is parametrized by the wage w, the incumbent firm offers: p? (w,) =
p! (é\l (ws)), where 0! (w,) is the optimal choice of #7 if the outside wage
is wy (for later use we will also denote @’(wy) to be the wage that is
optimal for the imitating firm given the wage the incumbent firm offers).
This is discussed in more detail further below.

3.2.2 Innovating Firms

Innovating firms have to solve three different problems. First they have
to recruit a worker in period 1 by setting a total value of the contract W7.
Second, they have to design a contract {w;,ws} that optimally retains
the worker, anticipating the behavior of imitating firms. Finally, in case



they lose a worker in period 2 they have to set wage wV to attract an
unemployed worker. The last problem is a simple static problem. The
firm has to maximize the value
U _ U(UN (2 — onU
VP = max g (0%)(y —w")
(4)

s.to Uy < pY(0Y)wV.

With full commitment the recruiting problem and the contract design
problem can be formulated separately. Since the firm can commit to
actions in period 2, the worker in period 1 only cares about the total
value W; the contract implies at the beginning of period 1.

Given the a total value W, promised to the worker as well as Y
and wY determined in (4), the firm then solves the contracting problem
by choosing a wage profile {w;, ws} that balances costs and benefits of
retaining a worker:

J(W1) = max2y — wy — wy + p' (w2)[¢Y (y — w") — (y — w2)]

w1, W2
I ()
s.toWi = wy + wy + P (we) [0 (w2) — wy]

U2 S WQa

where Uy < W, is the worker’s participation constraint in period 2.
The functions p? (wy) and @’ (wy) make explicit that the firm has rational
expectations of how the imitating firms will behave if they face an inside
offer for the worker of ws. More precisely, if a measure v > 0 of firms
offer wy, then a submarket in the imitating firm market will form to
respond to this wage. The imitating firms within this submarket face a
trade-off between 6/ and w! which depends on the equilibrium market
value. Note, that this reasoning also holds off equilibrium and therefore
can be used to form rational expectations about p’(ws) and @ (ws).

Finally, given the unemployment values U; and Us,, and the value
of the optimal contract to the firm, J(W7), the firm has to solve the
optimal recruiting problem:

V = maz q@)JWy) — K —k

(6)
sito Up < p(O)Wr + (1 = p(0))Us

The above formulation includes the innovation stage, at which the
firm pays a cost k to obtain an innovation with probability p.



3.3 Equilibrium

Definition 1 An equilibrium is a vector of market tighiness {9 o HU} values

for workers {Wl, Wa, Uy, Ug} and values for firms {V VI} a value func-
tion J(W1), functions p*(wy) and p’(ws), a contract {1, Wy} and wages
{w!, WY} such that:

1. Optimal Contract and Profit Maximization:

(a) p'(wy) and W!(wsy), {1,109} solve problem (5).
(b) {07, @'} solve problem (3).

(c) {6V, %Y} solve problem (4).

(d) {W4,0} solve problem (6).

2. Zero Profit Conditions: At the equilibrium values, V = VI = 0,
where V and V! are defined by (6) and (3), respectively.

3. The values Uy, Uy are defined by equations (1) and (2), respectively.

4. Rational Expectations about z'mz'tatz'ng firm’s behavior: Given Wy
and wy, W (wy) = w™ and is p (wy) = p!(67*), where w™ and 67
is the solution to problem (3).
~ Nl (1

5. Market tightness in the replacement market: 0V = %.

The first set of conditions involves the firms’ maximization problems
and the requirement that the profits are zero. Note that the market for
replacement workers in the second period (with index U) has no free
entry since only firms from the first period can post vacancies there.
Therefore, in equilibrium the market tightness 6V is predetermined by
the market tightness in the other market (requirement 5). The fourth set
of conditions pins down the rational expectations innovating firms have
about how period two wages influence application behavior of employed
workers and wage setting behavior of the imitating firms

3.4 Characterization of Equilibrium

In the following we focus on interior equilibria only. In particular we
only look at the case where imitation occurs. To solve for equilibrium,
we start from period 2 decisions. Consider first the replacement market
in period 2. Substituting out the wage from the constraint in problem
(4), we get

maz q” (y — a2 );

10



which gives
U

wY = Yy,
where €V is the elasticity of the job finding probability in the replacement
market. This is the standard result in competitive search models that
the total surplus (here y) is shared between the worker and the firm
according to the elasticity of the job finding probability.
Next we turn to the imitating firms in period 2. Here it is more
convenient to use the dual of problem (3) and impose zero profits:
I(onI
max w' —w
67>0,w! >ws P 2) (7)
sto  ¢(y—w) =K.

Substituting out w! from the constraint and solving the first order
condition this gives:

w! = ey + (1 — e )ws, (8)
Given ws, the zero profit condition implicitly determines 6/ :

I
¢ = s : (9)
=)y —ws)
From here it follows that since ¢! (67) is decreasing in 7, 6! is decreasing
n wo.

In order to characterize wy, we have to derive the optimal long-term
contract offered by innovating firms. We will first give an intuitive ar-
gument of the form of the contract, and then derive it algebraically for
the interested reader. For any given NPV wage offer Wy, the firm will
set wy so as to maximize the joint income of the worker and the firm.
If this implies a high value of ws, the firm will be compensated by a
lower w; so that W, remains constant. Let V = maxq“(y — w"). The
joint period-2 income of the worker and the firm reads (since we assume
rational expectations)

Sy = (1 = p'(w2))y + D' (ws) (w' (ws) + V)
= W +ﬁl(w2)(w£ —wy) +y — ws ‘f‘ﬁl(wZ)(V — (y —wa))

where p’(wy) and w!(ws) solve (7). Taking the derivative with respect
to ws, and utilizing that p! and w! solve (7) gives

as,
dwz_dwg
=0 ifwy=9y—-V

W Ty~ )

11



It follows that the optimal period-2 wage for innovating firm is to set the
wage equal to the shadow value of the worker, i.e., his output less the
expected profit if loosing him. At this wage, the workers’ search decision
has no external effect on the firm as the worker is residual claimant,
and as the competitive search equilibrium maximizes the utility of the
searching worker it also maximizes joint income.

To solve the optimal contracting problem of the innovating firm we
will also determine the derivative fl% Using p’ = 0'¢’ we get from the
zero profit condition:

N éIKI
P 0=y —w)

Totally differentiating yields:

K1 g1 R I R
dp! = - 0 dwy + di" | = L dw, + ¢'dd’
(1 =€)y —w2) \y — w2 Yy — wy

where the second equality uses equation (9) once again. Using the de-
finition of the job finding probability we have that dp’ = d(0¢") =

g (1 + %Z—j)dﬁf = ¢'(1 — €/)df’ . Therefore we can reformulate the

previous expression to:
AT

N p
dp! = d
Y — Wo w2+(1—61)

d ~]
which finally yields:

di! 1l 3l
bp_ == P (10)

dwsy el y—ws

Now we are ready to solve first for the optimal contract and then
the optimal recruiting in period one. Substituting out W; from the
constraint in (5) and adding and subtracting ws we can write:

max 2y — Wi+ pH{g" (y —wy) = (y —wo)} + 9 (w' —wy) (1)

The third term represents the net payoff to the firm from replacing a
worker. The last term is the net payoff to the worker from leaving to the
imitating firm. Note that this last term is identical to the objective of a

worker in the imitating firm’s problem (see problem (7) above). Takin
the FOC we get:

12



dﬁ[ U U AT d ~] I o
d—wQ{q (y—wy) = (y —w2)} +p +d—wQ[p (w' —wy)] =0

Since the imitating firms already maximize the expression p’ (w! —wy)

(w.r.t. w!), by the envelope theorem, only the the direct effect of a
change in wy matters, i.e.

d

d—w[ﬁl(wl — wy)] = —p.

This direct effect is the change in the wagé wo, which is just a redis-
tribution between the worker and the firm, so that we are left with the
first term in the FOC. We can also achieve this result by plugging in w’
from 8

;i_f;{q[](y_wg) — 1=y —w)}+p"(1—€") =0, (12)

and then substitue out the derivative from (10) to finally get

wy =y —q"(y —w"). (13)

This expression says that the worker in period 2 gets all the surplus
from period 2 net of the payoff the firm would get from replacing the
% = %% since the indi-
rect effect of changing w! is already maximized out by the optimization
problem of the imitating firms. W (or relatedly w,) is determined as a
residual given the solution for ws. Intuitively, the optimal contracting
problem with commitment as given in (11) amounts to maximizing the
joint net surplus of a worker and a firm in period 2. The optimal deci-
sion is to give the full surplus to the worker in period 2 (equation (13)
implies zero net surplus for the firm in period 2), and extract surplus
only in period 1 through wj.

The following lemma confirms the validity of omitting the participa-
tion constraint in the proceeding optimization problem:

worker. The expression does not depend on

Lemma 1 The period 2 participation constraint in problem (5) does not

bmd, n.e. Uy < Wh.
Proof. Inserting for equilibrium wages, Uy < W5 can be written:
e’ —q"(1 - )1 - ple') < 1,

13



which clearly holds since the lower bound of p! is zero and (p¥,qY)
cannot simultaneously be at the upper bound of 1. m

Next, we solve the optimal recruiting problem by substituting out
the constraint in problem in (6) and using the definition of J(W;) in (5).
Taking the first order condition with respect to ¢ and solving for U; this
gives

Ur=d2y+p'{¢"(y — ") = (y —w)}H + (1 - ¢) Ve
Substituting this back into the constraint and solving for W; we have

Wi = e[2y +p'{a" (y — w") = (y —w)} + (1 — €)Va.
Using the definition for Us in (2), the FOC in (12), as well as the
results for wages wV, w! and ws,, we get :
Wi = €[2y + p' (w' — ws)] + (1 — e)pYw?.

Solving the constraint in (5) for w; and using the result for wy, w!, and
W1 we obtain for the first period wage

wy = y{2 — 1+ (1 —e)e"p" + (1 — ")g"[1 — € (1 — €)p']}.

A priori it is difficult to determine whether w; will be positive in
equilibrium. A sufficient condition for this is that € > 1/2. Furthermore,
it is not immediately clear whether the wage profile {w;, w2} is increasing
or decreasing:

wy —wy = y{2(1 —€) — (1 —€)eVp" — (1 — ")g"[2 — (1 — €)p’]}.

By substituting out all the wages, the 0-profit conditions can now be
written only in terms of the parameters. We summarize the characteri-
zation of equilibrium in the following proposition:

Lemma 2 1. An interior equilibrium with full commitment is char-
acterized by a pair of {0,0"} that solves the following two equations:

V*0,0") = g1 —e)y2+ ' (1—e")p'g" —eVpY] - K —k =0, (14)
VI*(017 0) = quUy(]- - EU)(l - 61)2 - KI = 07 (15)
and where 0Y is defined as above.

2. Wages are given by

w’ =y,

w' =yl —¢"(1—")(1 -],

14



wy =y{2e =1+ (1 —e)e’p" + (1 = ")¢"[1 = ' (1 — e)p"]},

and
wy = y[1 —g"(1—€)).

The following lemma describes properties of equations (14) and (15)
that are useful to establish existence of equilibrium.

Lemma 3 1. V*(0,07) is strictly decreasing in 0 and strictly positive
for K 4+ k and 6 small enough.

2. VI*(01,0) is strictly decreasing in both 07 and 0 ,and strictly posi-
tive for K and 0 small enough.

Proof. The results follow from the partial derivatives and from inspec-

tion of the sign of V*(0,07) + K + k (V*(6',0) + K') for small 4 (67).
|

Lemma 4 A unique equilibrium exists for K +k and K' small enough.
Proof. Using the proceeding lemma, an equilibrium can easily be con-

structed in the following way: Fix a value of 6 and a value of K
and solve for 67, such that V*(9#,0) = 0. If no solution exists lower
K' (and/or 6). Given the resulting {0* 0™}, we can find a K + k
such that V*(6*,6"*) = 0 (note that this is possible for any 6 since
V(0,00 + K +k > 0 for any 8! ). To show uniqueness we first write the
equilibrium value of an innovating firm as: V*(6,0!(0)), where 0!(0) is
the solution of V*(#7 ) = 0. The lemma above established that 67(9)

is strictly decreasing. It is enough to show that % < 0. 0 enters
directly into ¢(6), which is decreasing in . Thus we can focus on the

ex-post value of the firm:
2y +p'{VY — (y —w2)} +p' (0" —ws) = Uy,

where VU = (y —w")q" and Uy = wVpY are the firm’s and the worker’s
value from the replacement market, respectively. Note that the term
P! (w! —wy) is identical to the (dual) objective of the imitating firm. By
the envelope theorem only the direct effect of 6 on p’(w! — wy) (and

not the effect via @7 ) matters. The direct effect, however is only the
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effect through w, which is just a transfer between the worker and the
firm that cancels out. Thus, it is enough to show that

d

de[ p'VY — U, <.

Since higher 6 decreases #!, the probability of being poached p! de-
creases with 6. It remains to argue that the replacement value VY also
has to decrease (and correspondingly U, has to increase). Note, that
VY decreases directly in 6, and increases indirectly through lowered 67.
However, 6! decreases in # only because a higher # decreases the value
of replacement which implies a higher wage w, and lower profits for the
imitating firms. In other words, if lower #/ would outweigh the effect
of higher § on VY, profits for imitating firms should be higher, and 6’
would not decrease in the first place. Similarly, Us goes up for the same
reason. Taking everything together the result obtains. m

4 Efficiency

In this section we determine the constrained efficient allocation and com-
pare that with the equilibrium allocation of the benchmark case.

4.1 Efficient allocation

As it is usual in settings like this with risk-neutral agents, we measure
welfare in our economy by total net output, where search frictions and
vacancy costs are taken as given. The social planners chooses {e}, e3} to
maximize

KU
F=ellqy—k—K]+eqy[l —p" +p'(¢" — 7)] +eofq'y — K'). (16)

subject to the resource constraint of total unemployed workers in period
1 of u; = 1 and the law of motion Y = p(f)f:(%[)

Since our agents are risk neutral this is equivalent to a Pareto-optimal
allocation where the ex-ante utility of all workers is maximized and all
workers have the same welfare weight.

It is more convenient to reformulate the social planner’s problem

(SPP) in terms of choosing 6 and #’. Then the SPP can be written as

I
max F(6,6') = maxy{p(0)[2 + ' (0")a" () = K'0) - K},
subject tou; = 1, and Y = ” We have used the fact that § = 61 = ey,

-p’
o7 = <, and have defined F = KT and K = %
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The first order condition with respect to 6! is

U quU -
For = yplp'q” +p W—K]ZO,

qu _ qU/ deU _

VqUpg’(1—€") _ YqYq'(1-¢")

where p"' = ¢/ (1—€¢'), and Zr = Gark =y L
The first order condition can be rearranged to:

—1
["(1—€")g" — V"' (1 —e) =K |=0

I _ K!
7 = yra=ana-ay

The first order condition with respect to 6 is

_ da¥
Fy=y{p2+p'q" - K0 +pp1% - K} =0,

d U U eU €U U I l—e €U U (1—¢
where p' = ¢(1 —€) and - = —(gT)Qdd—g =— gyafp)z)q == ((1,;,3)q~

The first order condition can be rearranged to give:

—] ITU(1—¢)gVU —
g1 =2+ plg” — K 0] — p[mS =] — K =0
— (18)
_ (K+h)
1= ya=oR+ a0 T (=) =p0]

where we have used K7 = yq'qV(1 — €/)(1 — €Y) from (17).
Sufficient conditions for a maximum of the SPP are established in
subsection 7.1 of the appendix.

4.2 Efficiency in the Benchmark Model

Comparing the conditions of the benchmark equilibrium with the condi-
tions for the efficient allocation, we immediately get the following propo-
sition:

Proposition 1 The equilibrium with commitment is efficient.

Proof. This follows immediately from that the equilibrium O-profit
conditions, (14) and (15), are the same as the first order conditions of
the social planner problem, (17) and (18). m

Efficiency in the commitment case can be explained by contracting
under full commitment and competitive search. The innovating firm
designs the wage contract so as to maximize joint surplus over both pe-
riods. Given the optimal wage contracts, there are no externalities from
the workers’ on-the-job search on their employers. Hence, competitive
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search equilibrium, that maximizes the income of the worker, also max-
imizes the joint income of the worker and the firm. Furthermore, the
social and the private value in period 2 of a firm that innovated in pe-
riod 1 coincide. Since the search frictions in period 1 does not create
distortions, it follows that the social and private value of creating an in-
novating firm in period one coincides, and efficiency prevails. Although
the firm pays for the innovation, and the worker gains from learning the
innovation in period 2 because of on-the-job search, the firm is able to
extract this gain by paying a low period 1 wage.

In the first period the firm sets W; to allocate surplus between the
firm and the worker. Firms can freely set the period one wage to opti-
mally trade off the hiring probability and the wage costs. The worker
accepts a low wage in the first period, as the firm can credibly promise
a higher wage in the second period. Hence, optimal contracting implies
separation between surplus maximization and setting the surplus share
between worker and firm.

The competitive search mechanism ensures efficient hiring in the first
period. In competitive search firms maximize profits given the market
unemployment value. The firm rationally anticipates the trade-off be-
tween wage and hiring probability. In equilibrium all workers get the
same value in all firms. If a small measure of firms would deviate from
any given equilibrium wage to a higher wage, they will attract more
workers. However, the higher probability will be completely offset by
the higher wage since the worker’s value in equilibrium is given for the
firm.

Due to zero profits, in effect all the surplus (including the surplus
coming from the continuation possibilities in the imitating firm and the
firms that have replaced a worker) goes to the worker. The problem is
therefore equivalent to maximizing the worker’s ex-ante utility, which in
turn is equivalent to the planner’s objective.

To sum up, the optimal decision for the firm is to give the full surplus
to the worker in period 2, and extract surplus only in period 1 through
wy. Joint surplus maximization implies that also the worker’s surplus is
maximized, i.e. the worker will search optimally, which is efficient from
the social planner’s point of view.

5 Model with No Commitment

The fact that the equilibrium in the benchmark case is efficient case
rests on the firms’ commitment to future wages. Empirically however,
such wage commitments seem to be a strong assumption, since firms are
often allowed to fire workers (at low costs) [reference].

This section analyzes the model where firms can only commit to
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the current wage. We call this the no-commitment case. The model
is identical to the benchmark case except that firms set wy only once
period 2 has arrived. Workers learn about ws at the beginning of period
2. As before, workers choose to stay with the firm or quit to apply for
jobs in the replacement market.

5.1 Innovating firms

The only difference to the benchmark case is that the firms instead
of offering a contract {w;,ws} in period one, firms offer a total value
Wy, which anticipates the optimal wage ws that will be set in period
2. In contrast to the benchmark case the two problems, recruiting and
retention, are no longer independent. Instead, the problem has to be
solved backwards. Starting in the second period, the firm chooses ws in
order to balance the costs and benefits of retaining the worker:

Ve =max[y — wy + p' (w2){¢"(y — w") = (y — w2)}]
(19)
s.to Uy < Wo,

where the participation constraint says that the value of being employed
at the beginning of period 2 needs to be at least equal to the value of
being unemployed. If not, the worker quits.*

Turning to period 1, the firm offers a total value Wjto the worker,
that includes the anticipated wage w,.? The firm’s recruitment problem
in period 1 is then similar to the corresponding problem in the bench-
mark case:

V =maxq(0)2y — W1 + p' (w2){¢" (y —w") — (y —w")}] - K —k

1,

s.to U < p(0)Wr + (1 = p(0))Us.
(20)

5.2 Equilibrium

We can now define equilibrium in a similar way as before.

Definition 2 An equilibrium is a vector of market tightness {é, 8 QNU},va,lues
for workers {Wy, W, Uy, Uy} and values for firms {V,Va, VI}, functions

pl(ws) and P! (ws), and wages {iq, W', 0"} such that:

3Though we do not explicitly consider the option of firing a worker, one can
interpret a low or zero value of ws as a lay-off.

4Here we solve out w; from the problem, since it is redundant. Instead we only
focus on Wj to describe the innovating firm’s problem in period 1.
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1. Optimal Contract, Profit Maximization and Zero Profit Condi-
tions:

(a) Given W, Us, and functions p'(ws) and p'(w,), by solves
problem (19).

(b) Given Wy, {67, w"} solve problem (3).

(¢) Given Uy, {8V, 0"} solve problem (4).

(d) Given Uy and Uy, {W1,0} solve problem (20).

(e) At the equilibrium values, V = V! =0, where V and V' are
defined by (20) and (3), respectively.

2. Optimal Application by Workers: Given Uy, Uy, W, for any Wy, w!,
wY the following conditions hold with complementary slackness:

(a) Uy > p(0)[Wy — Us] + Uy and 0 > 0,
(b) Wy > by + p'(07)[w! — 1iy) and 6 > 0,
(c) Uy > pU(0V)wY and 8V > 0.
3. Rational Ezpectations about imitating firm’s behavior: Given Wy

and wy, W (wy) = w and is p(wy) = p!(67*), where w™ and 6
is the solution to problem (3).

4. Market tightness in the replacement market: 0V = 2 (f)_I: ((éé)l).

Note that here we eliminated w; from the problem. It can computed
from the constraint in (5) given W.

5.3 Characterization of Equilibrium

We start by solving the period 2 wage setting of the innovating firms.
First, we maximize ignoring the participation constraint in (19):

max[y — ws + ' (wa){g" (y — w”) = (y — wa)},
which gives the FOC

P Pyt - - et =0 (21)

Substituting in the expression for % from (10) and solving for ws gives

qu (1- €U>)a (22)



Where%> 1if pl — €l > 0.

Note that if in equilibrium p’ < €’, then the marginal benefits of
lowering p’ are exceeded by the marginal cost of increasing w,. The firm
would then set wy equal to the lower bound implied by the participation
constraint in problem (19). To have an interior solution with wy above
the lower bound, it is required that p’ (and thus #) is high enough so

that p! > €. Further, since —2 ;(,1__5) is increasing in p! (and thus in 67),

we have from (22) that ws is increasing in 67 for p’ —e! > 0. Therefore we
need 0! to be high enough in equilibrium to satisfy both the participation
constraint in (19) and p! > €. Substituting out all interior equilibrium
variables from Uy < W5, an interior equilibrium requires:

I 1,0
p (1—¢€p)
U’ + (1 - %)Y (1 - 61)—])[ —

<1, (23)
where by interiority of ws it is required that p! > €. Further below in
Lemma (7) we establish a sufficient condition for (23) to hold. We focus
on interior equilibria where this participation condition (23) is satisfied.

Except for the wage setting of the period 2 wage w,, all other prob-
lems are solved the same way as in the commitment case. We summarize
the equilibrium characterization in the following proposition:

Proposition 2 1. An interior equilibrium with no commitment is
characterized by a pair of {0,0'} that solves the following two equa-

tions e
I/l
q(0") = , 24
&) qu—;(II::II) (I—€e)(1—€eY)y (24)
K+ k
a(0) = - (25)

(1—eyl2+ (1 — e)plgU{1 — BG=5} — pUet]’

and satisfies the equilibrium participation and interiority constraints

p'(1—€'p')

Up’ + (1 -1 — € T

<1

— I

el < pl.
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2. Wages and value W' are given by:

U)U = GUy,

pl(l _ 61)2

p[ — qU<]- - EU)L

w! = y[1 -
p'(1 =€)

W =y{2+ (1 — )pY + ! (1 - €Y) P

p'd"},

The following lemma establishes properties of the O-profit condition
for imitating firms.

Lemma 5 Given any 0, and K low enough there is a unique interior
solution for 01 such that p! > €/ . For given 0, a higher K! implies a
lower 6%. Moreover, 0! is decreasing in 0.

Proof. The LHS of (24) is strictly decreasing in 6!, going from 1 to 0
as 6 goes from 0 to oco. With our Cobb-Douglas specification, the terms
in the denominator of the RHS involving 67 can be written as:

= a(y) B alaty) e

pt—e

e < 0. Thus, for given 6,

the RHS is strictly increasing in 6#/.The RHS ranges from 0 to ¢ =
I I

KT /[ 3= (1 — ')(1 — €¥)y] > 0 as 67 goes from (p!)~(e!) (where

pl—el

d[@’)l—e(l—eI)
In the relevant range, we have

(p")~! is the inverse function of p’) to oo, which ensures a unique inter-
section point if K7 is small enough.

The comparative statics with respect to K follow from the fact that
the LHS is decreasing and the RHS is increasing. Moving up the RHS
moves the intersection point to the left, i.e. to a lower 6. The last
statement follows from the fact that the RHS is strictly increasing in 6,
which implies that the RHS schedule intersects with the LHS at a lower
6! if 0 is higher. m

The intuition for the # being decreasing in § is the following. First,
remember that 67 = :TQq' There are two effects. First, more entry in
period 1 gives more opportunities for imitating firms to poach a worker.
However, when more firms enter in period 1 the replacement market is
tighter. This induces innovating firms to set a higher period 2 wage to
retain their worker. This second effect of a higher wy reduces the profits
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of entering to imitate since the firms need to offer workers a higher wage.
The outcome of the two effects is that the poaching tightness decreases
in period 1 entry.

The following Lemma analyses properties of the O-profit condition
for innovators in equilibrium.

Lemma 6 For given 0! there exists at least one 0 such that the 0-profit
condition for innovators (25) holds. Moreover, at a stable equilibrium
solution ™ must cut the x-axis from above, i.e. 7 is locally decreasing
around the equilibrium.

Proof. Rewrite (25) as:

U\ LU pr(d—€)? U U
m(0) =q(l—€y2+(1—€¢")p'q {1—W}—p ¢]-K—-k=0
I Iy2 d(pl(}7€§)2)
First note that 1 — p}g}%,) z 0, and that % <0. As9 — 0
, q(0) — 1, whereas the expression in parentheses goes to a positive

constant ¢ = (1 — €)y[2 + (1 — V)plg¥{1 — %} — pYeY]. Thus
limg_ o7 > 0 given that £ + K is small enough (i.e. the economy is
productive). Similarly, for 8 — oo, ¢(f) — 0, whereas the expression in
parentheses goes to a positive constant ¢ = (1 —¢€)y[2 —¢] < €. Thus 7(0)
will be negative at high a #. Thus by continuity of the profit function
7(0) a 0 with 0 profits, where 7 cuts the 0 line from above exists. Note,
that an intersection where 7 is increasing cannot be a stable equilibrium
since then more entry would increase profits, violating the free entry
condition. Therefore, at any stable equilibrium, the profit function is
locally decreasing. m

The previous lemma immediately implies the following relationship
between vacancy costs and firm entry:

Corollary 1 A marginal decrease in K marginally increases 6.
Finally, we can prove existence of a no-commitment equilibrium given

that vacancy and innovation costs are small enough. In contrast to the

commitment equilibrium here it is non-trivial to ensure the participation

constraint for employed workers in period 2 holds.

Lemma 7 Given some K + k and K! small enough there exists an
interior no-commitment equilibrium.
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Proof. As in the proof of existence in the commitment case, it is clear
that we can find K +% and K’ small enough such that there is a solution
to the system of 0-profit conditions. Here, we have to ensure that also the
participation constraint (23) is satisfied. If we set K’ so low that p! =1,
then the participation constraint becomes equivalent to the commitment

case:
P (1)) < 1,

and since either p¥ or ¢V has to be strictly less than 1, so the inequality
has to hold strictly. By continuity of (23) in p! for p! > ¢!, there is a
neighborhood to the right of K7 such that the inequality is still strict
evenif p! <1. m

5.4 Comparison of Equilibrium with and without
Commitment

We show in the following that commitment implies higher entry to in-
novation and relatively less poaching (lower ) than an equilibrium
without commitment on the firm side.

The following lemma establishes the difference in period 2 wages and
poaching tightness between the two cases, for a given level of period 1
entry.

Lemma 8 For any given 0, the 0'is higher and wy is lower in the no-
commitment equilibrium than in the commitment equilibrium.

Proof. To see the difference in 6’ in the two cases, compare the 0-
profit conditions of the poaching firms for the commitment case and
no-commitment case, respectively:

I _ K'

T = @Ta=—Ha—ay
I K!

(=

B QU%(l—el)(l—ﬁU)y'

The LHS of both equations are a decreasing function, whereas the RHS

of both functions are an increasing function in 6! for given 6 (both ¢V

I

IT1_ T . .
and % are decreasing as long as p’ > ¢/, where the latter is an

equilibrium condition). From before we have that ’% > 1 for any 6’
that satisfies p! > €. Therefore the RHS of the commitment case has
to be above the RHS of no-commitment case, leading to a higher 6! in
the no-commitment case.

Further, from ¢! = % it directly follows that higher 67 im-
plies lower wsy. =
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Next we establish the difference in equilibrium outcomes between
the two cases. We superscript commitment variables with C' and no-
commitment variables with NC' when necessary.

Proposition 3 The no-commitment equilibrium has higher 87 and lower
0 than the commitment equilibrium.

Proof. Consider an innovating firm. For any given # we know from the
Lemma above that firms under no-commitment will set lower w,. Since
wy was the unique profit maximizer under commitment, we have that for
any given 6 profits are lower under no-commitment. From Lemma 4 we
know that the profit line 7(0) = V*(6, -) is downward sloping under com-
mitment. Hence, the fact that profits are lower under no-commitment
for any given 6, i.e. ¥™V¢(0) < 7¢(6), together with Lemma 4 , implies
that #V¢ < 6¢. Further, we need to show that in fact 67¢ < 6N, The
direct effect coming from a lower wy in the no-commitment case is that
67 is higher. It remains to show that any indirect effect through lower 6
doesn’t countervail the direct effect. This follow immediately for Lemma
5 which states that lower § implies higher /. Thus #/Y¢ must be higher
than ¢, m

Note that we do not know whether more firms enter to poach in
no-commitment case. We know that the poaching market is tighter.
However, we do not know whether this comes from that more firms

enter to poach or from that fewer firms enter to innovate in period 1 as
I — _e2
= o

5.5 Inefficiency of the No-Commitment Case

Since the conditions characterizing the no-commitment equilibrium differ
from the ones for the commitment case, it is clear that the equilibrium
without commitment cannot be efficient.

Corollary 2 The no-commitment allocation is not constrained efficient.

Proof. This follows from that the no-commitment allocation is different
than the equilibrium allocation, Proposition 3, and that the commitment
allocation is efficient, Proposition 1, together with that the efficient
allocation is unique due to the global properties of the welfare function
in the relevant parameter ranges, Lemma 12. =

The intuition for the proposition is the following. Under commitment
the joint surplus of the innovating firm and the matched worker is max-
imized: firms set w§ to perfectly align worker incentives with the firm’s,
and the firms extract rents by setting a low w;.Under no-commitment,
firms have incentives to lower wy from w§. On-the-job search by the
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worker creates a negative externality of the firm. Competitive search
equilibrium maximizes the workers’ expected income without taking the
externality on the employers into account. Hence w! is too low and 0! is
too high compared with the values that maximize the joint surplus of the
employer and the employee. Lower joint surplus implies lower ex-ante
profits. Thus, entry to innovation is lower under no-commitment. Last,
the uniqueness of the efficient allocation implies that any deviation must
lead to lower welfare.

5.6 Policies in the No-commitment Case

In this section we analyze policies that may increase welfare. It is not
likely that we can get the efficient result with only one policy instru-
ment; policy maker needs instruments that can influence e; and e, inde-
pendently. We could get efficiency by setting the wage directly, though
we do not allow for direct price setting instruments. We first solve for
two instruments, then we analyze policy if the set of available policy
instruments is limited.

The policies are financed through a lump sum transfer to/from all
workers (also unemployed). It is a 0-1 decision to work, which is not
distorted by the transfer.

5.6.1 Two Policy Instruments

Define z as subsidy to vacancy cost in period 1 period 1 and 7 as a tax
vacancy cost in period 2.

Corollary 3 Two policy instruments, a tax on imitating firms together
with a subsidy on innovating firms, can restore efficiency.

Proof. Follows immediately from Corollary 4. m

A subsidy induces entry in period 1. The new entries directly reduce
tightness in the poaching market. The poaching tightness also changes
from increased entry to imitate in period 2. We know that the total effect
is that we know that for any 6 the 6! is higher in the no-commitment
case than in the commitment case. At the 6* it is then easy to see that

there is too much entry to imitation since ! = %‘ A tax can then

reduce entry to imitation Though note that ws is still lower than w¢'.

This is possible due to that the FOC of the poaching firms is ’shifted’

R Kltr
by the tax; ¢' = T=(y—wa)"

5.6.2 Tax on Imitation
Here we analyze the case where the policy maker only can tax imitation,
i.e. subsidy to innovation is not available.

First, we establish the effects of a tax on entry to innovate and entry
to imitate.
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Proposition 4 A tax on imitating firms will reduce the number of poach-
ing firms and will decrease the number of innovating firms given that
scaling factor of the matching function is AV > €71, and e = ¢/ = €V.

Proof. The proof consists of three steps. First we show that a tax
on poaching will reduce poaching. Then we establish that profits of an
innovating firm increases with 01 given 6. Finally, we show that entry to
innovating has to go down if 01 decreases. The first two steps are given

in the following two lemmata:

Lemma 9 A tax on vacancy costs KT lowers 61.
Proof. From the LEMMA [0-profit poaching] we know that the LHS of

the expression
I
I K

q =
qu’(l—eI’)(l —e)(1—eV)y

pl—e

is strictly decreasing, whereas the RHS is strictly increasing in 01. Thus,
an increase in K1 will shift the RHS upwards, thereby decreasing 0! for
a given 6. m

Lemma 10 Let the scaling factor of the matching function AY > €1,
and € = €/ = €Y. For given 0, an increase in 0! increases the innovating

firm’s profits.

Proof. First, denote B = 1%&).Gross profits can be written as:

p'(1—¢)

p[_e >_pUE]

m=q(l—eyl2+ (1 —ep'q"(1-

: 1 .
Since i% > 0, it is enough to show:

0

o7 ((1 —e)p'q’(1 - M) —pUE) > 0,

which can be written

0 <1 U(l_e_pl(l_ﬁ)?)_

The derivation yields that we need to show

(1) A B 1P U=D gy pryepeatnop

ph—e ="
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rearranged to

(1—e)(p' —e)? — (' —e)p'(1 — €)® — Be(p' — €)* + (1 — €)%ep’ > 0.

Next, note that with the assumption on AY, we must have B < 1,
since the equilibrium condition p’ > ¢ and the constraint on technology
Bp'qV = pY < 1 implies B < (AY)Y(=D) /pl < (AV)Y/ (=1 /¢ Inserting
the bound for AV gives the result B < 1. Also note that the restriction
on AY is only a sufficient condition. Numerical results indicate that it
may not be needed. We will assume the upper limit B = 1. With this
inserted in the inequality above we have that is sufficient to show

(1—e)p' —e)> = (' —e)p'(1 —€)® —e(p’ —€)* + (1 — €)?ep’ > 0.

Next, we first rearrange the first two terms, then rearrange the last two
terms, and last combine this to show our result. The first two terms can
be written as:

L=a@ == (@' —p'(l—¢)?
=(1-p =)' —e) —p'(1—¢)]
=(1-@p' —p' —ec—p +2€p1 — p']
= (1= —e)elp’ —1+p'(1 )],
Since p’ > ¢, we have
pr=1+p(l—e)>e-1+p'(1—€)=(1-€p' - 1).

Thus for the first two terms we have:

I=e)p" == —ep'(1—€°> 11— —e)(p' - 1),

where the bounding term is negative.
The last two terms can be written as:

—e(p' = + (1 —¢)’ep’

el(1—e)’p" = (p" = ¢)’]

elp’ —2ep’ + p' — (p)? + 2¢p — €]
elp’(1—p") + (" = 1)

e(p’ — ) (1 —p').

Combining all terms we have:

(1—6)(19[—6)—( )1(1—6) e(p' — €
> (1—€)e(p! —6)( — 1) +e(p' =€)
=1 =pellp’ =) — (p' —e)(1 —¢)

28

)2+ (1 —e)’ep’
1-r

>0,



since (pf —€2) — (pf —e)(1 —€)?2 > (pf — %) — (p! —¢€) > 0.

Finally, to conclude that 6 goes down if profits of the innovating firm
go down, we use LEMMA [Properties of the 0-profit condition for inno-
vators] . If the profit curve of an innovating firm is shifted downwards
due to the decrease in poaching, the intersection point with the O-profit
line must move to the left since the profit function is locally decreasing.
|

Next we establish the welfare effects of the tax.

Proposition 5 The welfare effect of a tax on imitating firms is ambigu-
ous, given that scaling factor of the matching function is AV > ¢!, and
e=¢ =V,
Proof. Follows immediately from Proposition 4 above and the concavity
of the welfare function stated in Lemma 12 in the Appendix. =

To summarize, a tax on imitating firms will reduce the number of
imitating firms and will decrease the number of innovating firms. This
gives a positive welfare effect of reduced imitation that is countervailed
by a negative welfare effect of lower innovation. Intuitively, a tax re-
duces imitation. For given wages, joint surplus of innovation firms and
workers increase as workers leaves too often in the no-commitment case.
However, the innovating firms’ trade-off changes due to the tax and w,
decreases. This lowers the workers’ part of the surplus, more than the
gain for the firm, and joint surplus is reduced. Thus period 1 entry is
lower.

5.6.3 Subsidy to Innovation

Here we analyze the case where the policy maker only can subsidize
innovation, i.e. tax on imitation is not available.

Proposition 6 A subsidy z > 0 to the innovating firms will increase
the number of innovating firms (as well as 0), and decrease the tightness
in the poaching market 07, and thus will improve welfare.

Proof. That a subsidy leads to increased 6 is stated in Corollary 1.
That this gives lower #! is stated in Lemma . Finally, the concavity of
the welfare function stated in Lemma 12 gives the result. m

Intuitively, a subsidy will directly increase the number of innovating
firms, and thereby 6. This will increase the cost of replacement and
thereby increase the optimal wage wsy, and hence acts as a commitment
device. Therefore the poaching probability will be lower and hence 6! de-
creases. Both effects contribute to move the no-commitment equilibrium
closer to the efficient equilibrium.
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5.6.4 Restrictions on labor mobility

A much discussed policy tool is to restrict worker movements between
jobs. Suppose that a new match is allowed to develop into an employ-
ment relationship with a probability lower than 1. Technically, this is
equivalent to a reduction in the efficiency parameter A’ in the matching
function in the search market for imitating firms.

Proposition 7 Restrictions on labor mobility, interpreted as a reduc-
tion in the matching efficiency parameter A!, reduces welfare

A reduction in A’ has the same effect on the equilibrium outcome as
a tax on innovating firms. This reduces  and 6, and hence reduces the
ex ante income of workers. It follows that welfare is reduced.

6 Conclusion

We analyze whether firms have the right incentives to innovate in the
presence of spillovers. Spillovers between firms take place through labor
flows within a framework of competitive search. Firms choose to innovate
or to imitate by hiring a worker from a firm that has already innovated.
We show that if firms can commit to long-term wage contracts, the
spillovers are efficiently internalized. In the absence of such contracts,
there is too little innovation and too much imitation, and hence a scope
for policy. We show that it is important to have the right mix of policy
instruments to improve efficiency. First, a subsidy to innovators together
with a fee on imitation can implement the efficient allocation. Second,
a stand-alone subsidy to innovating firms is always welfare improving.
Third, a fee on imitation by itself has countervailing effects as it reduces
imitation but also innovation. The net effect is inconclusive. Finally, a
restriction on worker mobility is welfare deteriorating.
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7 Appendix
7.1 Concavity of the Welfare Function

The welfare function is concave in each argument but not jointly concave
in both arguments for all of the domain. In what follows, we state two
lemmata that establish parameter bounds such that within these bounds:
i) the welfare function is strictly concave on a restricted domain, ii) a
commitment equilibrium exists, and iii) a no-commitment equilibrium
exists. To simplify the exposition we set the elasticity parameters equal
across markets: € = ¢/ = €U,

The first lemma establishes parameter bounds such that the welfare

function is strictly concave:

Lemma 11 There exist bounds on KT and a number m(e) such that if
KT are within these bounds then the welfare function F is strictly concave
on the set [m(e), 00| X [0, 00].

Proof. First, simplify notation by y = 1. We have to first show
that Fyrgr = (1 — €)AVp/Cpl=<(1 — p)e[p!” — ep' " (p")?] < 0 which

is clearly the case for any (#,6) > 0, since p”’ = (1 —€)A’/-9 > 0 and
p!" = —€(1 — €)AT9"(=179) < 0 (Lemma 13 below shows that Fyy < 0) .
Secondly, we have to show that the determinant of the Hessian of F' is
strictly positive on a restricted set, that is D = FpgEFprgr — (Fpgr)? > 0.
D can be written as

[p'[2— 6" K" — AVp" ) p= (1 — p) M (p)?e(l = e)p ' (1 —p) " = p"(1 — e = p)]]
s (1—e)AYp CIp=<(1 — p) " — e’ (p")]
— [(1=ep"p AVp" I (1 —p) 1 — e — p] — P'K]

Next using the facts p’ = £(1 —¢), p" = %p/, pl! = (1 —¢€), and

—epl! .
p"" = =i~ we can write D ; 0 as

_5(19—25)17 [2 _ QIKI]
—AVpI = p=e(1 = p)[(B(1 — €))%e(1 — e)p (1 — p) 7 + L2 (1 — e — p)]

2 AU I(1—e¢), 1—¢ €
o AR

7 2
pp U, _I(—€), —¢ €— p 7dl >
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Rearranging and factoring out p%%ﬁ(l —€)3 >0 we get

[—el2 — 0K"] = cAUB[(1 — €2(1 = p) ' + (1 — e — p)]]
H(-OA"B(1L = p)2 - 2
Il
—(1-9 (1 -9avs1 -~ p] - 555] 20,
where 8 = p/1=9p=¢(1 — p) > 0. B
In the following we will establish bounds on K’ so that D > 0 on a

restricted set. First consider the case K/ = 0. Then the inequality can
be simplified to

2¢3(1—p)[2 — ]+ BAY Z(p, ) 2 0,

where Z(p,e) = 22 —€](1 —¢)? =1 —p2—¢(l —e—p) — (1 —
€)3[1 —e—p]*. Note that the LHS is strictly positive if Z > 0. It is
easy to show that Z > 0 if p > 1 — e. Next we implicitly define m(e) by
p(m(e)) = 1 —e. Then for any 6 > m(e), D is strictly positive, i.e. F
is strictly concave on the set [m(e), 0o] x [0, 00].” Now consider the case
K < 0. Since D is strictly positive for § > m(e), by continuity there
exists a v > 0 such that if K’ < ~, D will still be strictly positive.

To sum up, we can find a K’ small enough and a number m/(¢) such
that the determinant is strictly positive on a restricted set. m

These bounds on the parameters are clearly a sufficient and not a nec-
essary condition. Simulations show that the welfare function is strictly
concave for a much wider set of parameters.

The following lemma establishes that parameters can be chosen within
bounds such that: i) the welfare function is strictly concave, ii) the com-
mitment equilibrium exists, iii) the no-commitment equilibrium exists.

Lemma 12 There exist bounds on K, K, and a number m(e). If K,
K are within these bounds, then (¢, 0°1), (0N, 0NCT) € [m(e), 00] x
0, 0] and the welfare function F' is strictly concave on the set [m(€), 00| x
[0, 00].

Proof. Define m(e) as in the Lemma above. Using the 0-profit condition
for the innovators of the non-commitment case (eq???), we can choose a
K small enough such that 0¥¢ > m(e). Further, if K is close enough
to 0, we can ensure that p/ > €, so that an interior non-commitment
allocation exists for K, KZ. Then (6N 0VCT) € [m(e), 0o] x [0, 00] and
by the previous Lemma, F is strictly concave on [m(e), oo} x [0, o00].

’From the FOC for the welfare function, Fy = 0 (see equation XX), it can be seen
that we can always get p big enough, equivalently 6 big enough, if we set K small
enough.
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Since we only put upper bounds on K, K’, it is clear that we can
always find K, K such that the previous conditions hold and also an
interior commitment equilibrium exists. We know from Proposition 3
that 6¢ > 6NC. Therefore (9, 6°7) is also contained in [m/(¢), oo] x [0, oa].
]

To summarize, we constructed a set of parameters, within which the
welfare function is strictly concave and which contains both equilibria.
This allows us to determine the direction of welfare changes coming from
policies aimed at the non-commitment allocation.

In the following lemma we show that Fpy < 0.

Lemma 13 Fjy < 0.

Proof. First, simplify notation by y = 1. Next define G(0,p(0)) =
p[2+ Ap1-9(1 — p)e — FIQI] — K6, where A = AVp!(1=9_ To show that
Fyo = G (p(0),0),, < 0, we have to prove that:

(1) Gyp + "G, < 0,

since Gpg = Ggp = 0. Further, we have p” = —e% < 0and p >0, so we
have to show:
0p'G,p — €G, < 0.

We can write the first term as:
0D Gy = —e(1 = ) Abp'p(1 = p)[p~" +2(1—p)~ +p(1—p) 7,
which can be rearranged to
0p'G,p = —€(1 — ) ABp'p~ (1 — p)20 < 0.
It remains to show that the second term
—cGy = cAp (L= p)[e(l—p) = (L= p ] — 2 - 0"K),

is negative. Note, in order for the poaching market to be productive, we
need to have pqV — Kol > 0. Further, since p/¢Y < 1, we must have
IR < 1. Moreover, for solutions in the range that do not involve kink
points of the matching functions, we must have Ap!~¢(1—p)¢(1—p)~! =
pY < 1. Thus, within this range, we must have:

eAp" (1 —p)e(l—p)t —e[l+(1— QIKI)] < 0.

which gives the result, since the only remaining term, —e/Alpl_E(l —p)<(1—
e)p~!, is also negative. m
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7.2 Bounds on CD-Matching Functions

Throughout the paper we assume that the matching function is of Cobb-
Douglas type. This simplifies the algebra since it implies constant elastic-
ities (¢’s). In order to be able to use derivatives of matching probability
functions we have to restrict the parameters, in particular the matching
function parameters (¢ and A"), to ensure that the functions p’ and ¢'
are neither at a kink point nor on a flat part of the range. That is, in
each matching market ¢ of the model, we have to ensure that the market
tightness is such that

B = (A) 7 >0 > (A)+ = B,
where the upper bound B is the highest 0" that satisfies the inequality
p'(6") < 1, and the lower bound B’ is the lowest #° that satisfies the
inequality ¢'(6%) < 1.

We can establish the following two results:

Lemma 14 If A > 27¢ then if (0,0") > B, then Y > B.
Proof. This follows from plugging in the lower bound for 0 and 6'into
QU . AelfeA(el)l—e -
= T 1-Aete -
For the upper bound we cannot get a counterpart result.

The following establishes the weak result that given a restriction on
A we can find § and 67 so that all inequalities (for 8, 7, and V) hold:

Lemma 15 If AT — Aiea — Al > 0, then there exists 0, 01 such
that all upper bounds for 0, 6%, and 0V hold simultaneously.

Proof. The result is obtained by plugging in the lower bounds for 6 and
07 into the expression for Y and compare it to the upper bound for 6V.
|

These results are not sufficient to ensure that all allocations are
within the bounds.® Such bounds are not easy to describe explicitly.
However, since have not assumed that the matching function parame-
ters are the same across markets 7, we have a lot of flexibility to pick
parameters. Indeed, we can show by numerical simulation (in the next
subsection of the appendix) that there is some range of parameters such
that both the parameter restrictions for the policy analysis as well as
those restrictions for the "interiority" of the matching functions are
satisfied.

OIn particular, the policy analysis in section (5.6) requires that we have parameters
for which both equilbria exists and for which the welfare function is strictly convex.
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