Abstract

When firms cluster in the same local labor market, they face a trade-off between the benefits of 1abor
pooling (i.e., access to workers whose knowledge help reduce costs) and the costs of labor poaching
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"Breakaways of workers - especially the very able workers - from existing organizations
promote the development of new work as well as the creation of new organizations. But
breakaways are not good for the parent company; they undermine its efficiency. To the
company or companies in control, one of the advantages of a company town is that
breakaways are not feasible there. And in any settlement where breakaways are inhibited,
by whatever means, the development rate must drop, although the efficiency of dready
well-established work is apt to climb." (Jacobs, 1969, p.97).

1. Introduction

Why do firms tend to cluster in some locations instead of spreading evenly over space? In
his pioneering discusson of the question, Alfred Marshal (1890) argued that firms duster
to economize on the transport of goods, people and idess. These three motives for
economic agglomeration are dso known as  avalability of intermediate/fina goods, labor
market pooling, and technologica spillovers, respectively.

Following Abdd-Rahman and Fujita (1990) in urban economics and Krugman
(1991) in regiond economics, a large fraction of the recent work on economic
agglomeration focused on the firg of the above arguments. If shipping manufactured
goods is codly, firms prefer to locate where the market for find goods is larger in order to
save on trangport cods.  This leads to a larger labor market, which in turn enlarges the
market for find goods. In Abdd-Rahman and Fujita (1990), this agglomeration force is
limted by the scarcity of urban land, so tha increesng population in a given city
increases crowding and eventudly offsets the gains from concentration.  In Krugman's
benchmark, the same agglomeraion force is limited by the cost of serving the immobile
demand located in periphera markets. This type of modd has received a lot of attention
in the recent past and we shal not discuss it further (see Ottaviano and Puga, 1998, for a
survey of the regiond literature and Duranton and Puga, 2000, for a review of its urban
counterpart).

Turning to labor market pooling, the exiding literature is much thinner. It tends
ovewhdmingly to favor labor market pooling as a srong motive for economic
agglomeration and the formation of cities The argument runs as follows. A larger pool
of workers in an area makes it easier for firms to find workers with the characteristics they
need. Conversdy, workers are more likely to find a job suited to ther sills in a larger
labor market. In short, labor pooling improves the meatching between firms and workers.



The forces limiting urban growth and the concentration of workers are usudly taken to be
the diseconomies of scale associated with increesing city sze (higher commuting costs,
urban congestion, higher land rent). Hesley and Strange (1990) offer an degant and
sophigticated verson of this argument.

Findly, locdized technologica spillovers are a popular motive for agglomeration.
However, the argument is not as draghtforward as it may seem. If knowledge can flow
fredly out of the firms, why ae the effects of spillovers locdized? To resolve this
contradiction, Fujita and Ogawa (1982) propose a modd with an information externdity
subject to distance decay. The distance decay aims to capture the frictions associated with
the spatid propagetion of information. But it remains unclear what these spatid frictions
precisdly are.  The second criticism of the spillover argument is that spillovers "leave no
paper trail by which they may be measured and tracked® (Krugman, 1991, p. 53).
Consequently, nothing prevents the theorids from assuming whatever they like.  Although
subsequent empirical research showed that spillovers actudly leave some paper trall
through patent citation for ingance and decrease with disance (Jaffe et al., 1993), the
amount of evidence on localized spilloversto date is il very thin.

In this paper we wish to revigt these last two agglomeration motives. We dat
with the premise that distance acts as a barrier for workers job mobility. The basic thrust
of our argument is then to assume that workers have access to crucial knowledge about
their own firms, be it about products, production methods, marketing or management. If
we dso (redidicaly) assume tha this type of knowledge cannot al be patented and that
exclusve labor contracts are not available, the clustering of firms on the same local labor
market (i.e. labor market pooling) can lead to labor market poaching and the diffuson of
knowledgel Since knowledge is partly embodied in workers, flows of workers can be
asociated with flows of knowledge so that poaching workers is a way for firms to raise
their productivity.2 In turn, this has a knock-on effect on product market competition
between firms. When choosng to locate close to their competitors, firms face a tradeoff
between the benefits of labor market pooling and the costs of labor market poaching. The
benefits of pooling rest with the opportunities for a firm to hire workers whose knowledge

1 The assumption that workers' propensity to change jobs in the same local labor market is greater than their
propensity to move between local |abor markets, quite naturally justifies the localized aspect of spillovers so
that this need not be justified by an exogenous decay function asin the earlier literature.

2 According to Arrow (1962, p. 615) “No amount of legal protection can make a thoroughly appropriable
commodity of something as intangible as information” and then he adds that “mobility of personnel among
firms provides away of spreading information”.



was ganed in other firms and can be profitably adapted interndly. The costs of poaching
are twofold. Competitors can have access to the firm's own knowledge by poaching from
its workforce. This makes them more competitive on the product market. Alternatively,
this firm can reduce poaching by raising the wage of its dtrategic workers but this comes
at the cost of ahigher wage hill.

To explore this tradeoff more precisdly and to show how and when the labor
market at the local level can act as a conduit for spillovers, we propose afour-stage game
between duopaligic firms producing differentiated goods. Firdt, firms need to choose a
location and set-up their production facility. Workers involved with a firm & this Sage
have access to some of its specific knowledge. In the second stage, firms commit to a
wage for these “drategic’ workers. When firms are located together, it is then possible in
the third stage for a firm to poach workers from the other firm - this can be done by
offering them a higher wage than they were promised. The knowledge of poached
workers can then be transferred to their new employer. In the lat stage price competition
takes place.

Depending on market size and the degree of horizonta differentiation between
products, we characterize the srategc choices of firms regarding locations, wages,
poaching and prices for our duopoly game. Our results show that co-location, dthough it
is dways efficient, is not in generd the equilibrium outcome. In paticular, firms tend to
separate when the conditions of pefect competition are approached.  As rivary
intengfies, the incentives to raise the wage of their draegic workers increase while
poaching decreases. This means a higher cost of co-location because of higher wages, as
well as lower benefits of co-location because of smdler flows of workers and knowledge
across firms.  When the costs of poaching are higher than the benefits of pooling, firms
locate separately. Thus, despite the advantages of labor market pooling, firms may choose
strategically to locate in different local labor markets in order to avoid labor market
poaching.3 Hence, the labor pooling argument for agglomeration is not as sraightforward
as envisoned in the previous literature.  Further, this source of spillovers we propose here

may be farly attractive from an empiricd point of view as the movement of workers

3 There are examples of firms relocating some of their strategic facilities (R&D centers, trial production
plants, etc) away from famous specialized clusters. For instance, according to Jackson (1997, p. 138) Intel
in the 1980s started to limit its workforce in Silicon Valley: “Nothing was more frustrating than spending
months helping an operator to learn how to work a sensitive and unpredictable piece of machinery, only to
see that same operator take a job down the street at National or Fairchild for a dollar more per hour.[...]
Each time it built a new fab outside the Valley, [Intel] could feed off a fresh labor pool, with fewer
competitorsto lureits best people away”.



between firms usudly leaves some paper tral.  Findly, this implies that labor market
pooling and spillovers can no longer be viewed as distinct motives for agglomeration
since technologica spillovers may trave through the labor market.

This paper relaes to the smal amount of literature in labor economics on workers
flows across firms. A fird drand, following Rosen (1972), views occupationd mobility
as the result of optima invesment decisons made by workers over ther life-cycle. In a
competitive labor market, where different jobs tying together work and learning are
avalable, younger workers optimaly choose jobs that offer low wages but fast acquisition
of generd human capitd. When reaching maturity, these workers recoup their investment
by switching to occupations with less learning opportunities. In this type of modd, more
experienced workers get a higher wage because they have acquired more generd human
capitd making them more productive? Pakes and Nitzan (1983) propose an aternative
two-period framework where a scientist needs to match with an entrepreneur to develop a
project. At the end of the first period, the information about the project is disclosed to
both partiess. Then Pakes and Nitzan (1983) show that it is never profitable for the
stientigt to part from the entrepreneur and create a riva firm since the sum of the rents in
a duopolisic market is lower than that of a monopoly, a joint-profit effect. The
fundamentd difference between this second type of mode and the human capitd
agpproach is that more experienced workers get a higher wage, not because of higher
productivity, but because defecting to a competitor could harm therr employer. A very
amilar mechaniam is a work in Motta et al. (2001) who study the decison of a single
firm to export or to go multinationd.

We dearly gand in this second tradition. Notwithstanding the spatid focus, there
are two main differences with the Pakes and Nitzan (1983) approach. First we consider a
continuum of workers and show that the joint-profit effect is not robust to this variation.
The reason is that receiving a large fraction of a duopoly rent is better than a smadl
fraction of a monopoly rent. This gives a srong incentive for workers to defect. The
other mgor difference is that we condder a model of reciproca poaching insead of a
gtuaion with an incumbent and an entrant. Such an assumption may be better suited to
analyze the interactions between exigting firms. The latter have the advantage of being
empirically easer to observe than potentia entrants.

4 Recent developments in this strand of research include Jovanovic and Nyarko (1995) and Franco and
Filson (2000). The former propose a theory of the diffusion of knowledge between managers and
employees, whereas the latter are concerned by breakaways of employees to create their own firm.



Lagt, our model dso contributes to the large literature on Srategic investments (see
Tirole, 1988, chapter 8, for a survey). Labor poaching is a form of drategic investment
that dlows a firm to lower its margind cost before product market competition takes
place. However, the cost of this invesment is aso endogenous and drategicaly
determined in a previous stage by the other firm through its choice of wage. This wage
decison can be viewed as a "counter-investment” snce higher wages make poaching by
the other firm more expensve. Even before that, firms can drategicaly decide not to
enter this poaching game by locating on a separate loca |abor market.

The rest of the paper is as follows. In the next section, we discuss the empirica
relevance of our main assumptions. In Section 3, we present a game in which firms
compete both for each other's workers and on the product market. In Section 4, the game
is solved for the prices, poaching, and wages decisons. We explore the location decision
of firms and the welfare in Section 5. The last section contains some concluding remarks.

2. Worker Flows and Knowledge Flowsin Local Labor Markets

Before presanting the details of the modd we wish to empiricdly subgtantiate its two
main components.

Our firg dylized fact is tha workers often move between firms and that these
flows ae mogly locd. Direct evidence about this can be obtaned from French
employment data. The data, extracted from the 1996 and 1997 Déclarations Annuelles de
Données Socides (DADS) database of the Indtitut National de la Stetistique et des Etudes
Economiques (INSEE), contains the employment area, the occupation and the sector for
ther man job of dl French employees that were born in October in even yeas.
Continental France is fully covered by 341 employment areas, whose boundaries are
defined on the basis of daily commuting paterns® The firms are classified by sector
according to level 36 of the Nomenclature d Activités Francaise of INSEE. Occupations
ae classfied according to leve 37 of Caégories Socio-Professondles of INSEE.
Among al occupdaions we sdected only 6 of them: Scientists, Executives (commercid
and adminigration), Engineers, Technicad Personnd, Foremen, Specidized manufacturing

5 Given that within Greater Paris (lle-de-France), changes of job do not usually involve workers changing
residence and that commuting across employment areas is easy, we decided to lump together the 26
employment areas forming Greater Paris.



workers. These six groups, we believe, are those whose mobility across firms is most
likely to be associated with transfers of knowledge.

We fird computed the intra-occupation turnover rate, that is, for each occupation,
the fraction of workers who changed employer among those employed in the same sector
during the two years® Next, conditiond on workers having a different main employer in
1996 and in 1997, we computed the fraction of workers in each occupation that remained
in the same sector and the same employment area, the fraction that remained in the same
employment area but changed sector and the fraction that remained in the same sector but

changed employment area. The results are summarized in Table 1.

Table 1: Spatial and Sectoral Mobility of French Workersin 1996-97

Scientists | Executives | Engineers | Technicians | Foremen Skilled All
workers

Intra-occupation 9.6% 10.1% 11.7% 8.7% 8.2% 9.9% 9.8%
turnover rate
Same area, same 43.4% 39.2% 46.9% 42.7% 48.7% 431% | 43.4%
sector
Same area, 16.2% 32.7% 289% 33.0% 25.7% 32.3% 30.4%
different sector
Different area, 30.3% 13.0% 9.6% 8.7% 12.8% 8.9% 11.4%
same sector
Different area, 10.1% 15.1% 14.7% 15.6% 12.8% 15.7% 14.8%
Different sector

Among French workers who remain in the same occupation, around one in ten
changes employer every year. Regarding sectord and geographica mohility, the results
are remarkably condgtent across occupations except for scientists, who are dightly more
mobile. Around 45% of workers that change jobs reman in the same employment area
and in the same sector.  Another 30% remain in the same area but in a different sector. In
other words, when they change employer, around 75% of skilled French workers reman
in the same employment area. The levels of geogrgphicd mobility implied by these
figures are very low given that the average French employment area is equivaent to a
circle of radius 23 km.

The French case is not exceptiond. At a dightly larger levd of aggregaion and
for dl workers, the literature on internd migrations systematically reports low gross inter-

6 Given the focus of our model, we only consider the population of workers who have been employed in the
same occupation over two consecutive years. Thisis likely to yield lower turnover rates than those in the
literature, which are typically computed relative to the population in the labor force at large. See Davis and
Haltiwanger (1998) for the US and Burda and Wyplosz (1994) for Europe.



regiond flows (see Greenwood, 1997, for a survey). Gross nter-regiond flows of less
than 2% a year seem to be the norm in Europe.

Our second magor assumption is that workers flows are aso knowledge flows.
Many case studies strongly support the idea that workers, when they change employers,
come with knowledge about their former employer and that this knowledge can be
profitably used by their new employer. Saxenian [1994] made a convincing case that the
incessant turnover of skilled labor between firms in the Slicon Valey was closdy linked
to the areds success.  In this paper we would like to discuss briefly another highly
reveding cludter, the British Motor Valey, which has been recently investigated by Henry
and Pinch (1997a, 1997b) and Pinch et al. (1997).

The British motor sport industry clusters heavily in the Thames Vdley around
London where it directly employs over 50,000 workers, most of them highly skilled. It is
by far the leading motor sport industry at the world level. It produces sport cars in the
upper-end of the segment: touring cars, racing cars, Formula One cars, and even Indy
cars, dthough dl the Indy car races take place in the US. In these markets, the dominance
of the British Motor Vdley is nearly absolute. If one bresks down the making of a
Formula One into four man parts (design, base, chasss and engine), 9 teams out of 14
had three or four of these parts made in the British Motor Vdley in 1997. Only one team
had no presence at dl.

As Henry and Pinch (1997, p.14) observe “the history of Formula One is full of
radica innovations that spread throughout the sport. The diffusion is often rapid because
it is difficult to kegp these innovations secret for long. One reason for the rapid diffuson
of idess is the fact tha the drivers, desgners and engineers move from team to team,
taking with them condderable knowledge of how things ae done in rivd teams'.
Elsewhere, Henry and Pinch (1997b, p.5) adso note that “knowledge is spread by the rapid
and continud transfer of daff between companies within the industry. Our mapping of
the career histories of 100 designers/engineers in the industry revedled a move, on average
every 3.7 years and a totd of 8 moves in the career in the industry. .....As personne
move, they bring with them knowledge and ideas about how things are done in other
teams, helping to raise the levd of knowledge throughout the industry. Whilgt this may
not change the pecking order within the indudry, this 'churning’ of personnd raises the
knowledge base of the industry as a whole’. Findly by using interviews, Pinch et al.
(1997) show that this continud churning of <taff is recognized by key people in the
industry to be enormoudy beneficid for the industry as a whole as wdl as for the



individuals concerned if not dways by teams loosing key workers.”

Although hard evidence regarding these issues is scarce because of the difficulties
asociated with measuring these phenomena, we believe that these case dudies are
representative of a wider trend where workers flows generate flows of knowledge across

firms.

3. The Model

Congder a partid equilibrium model with two differentiated goods, each produced by a
different firm. Let 1 and 2 denote these two firms, which sdl ther goods in a common
and pefectly integrated market. We dso assume two different locations | and J, each
condtituting a separate loca labor market. These labor markets are completely segmented
with workers being immobile between them. In each labor market, there is an infinite
supply of ex-ante homogenous labor at awage W .

Thetwo firms play afour-stage game.

Stage 1 - Location

Each firm choose a location, | or J, where to produce its goods. We speak of co-location
whenever both firms locate ether in | or J. After ther location decison, firms mug hire
an exogenous quantity L of workers. These workers are referred to as strategic workers.
Hiring those workers is necessary for the firms to set-up ther production facilities.
Without loss of generdity, we can assume this is done a no direct (wage) cost. But, when
seting up production facilities, workers acquire part of the internal knowledge of the firm.
We assume firms cannot charge workers for this knowledge8 Neither can this knowledge
be patented. Findly, exclusive long-term labor contracts are not available.

This stage can be thought of as the history of the firms. When it ends, firms are
ready to operate in their location. They are dso loaded with Strategic workers who have

7 See also En Route F1 (November 1999, page 44): “On the technical side, a driver who has decided to
leave will be stopped from doing any private testing. Indeed, teams will wait until the end of the season
before testing anything new that is to appear on the car the following year. There is no question of the
driver who isleaving knowing the least details of how anything works.”



access to their specific knowledge.
Stage 2 - Wage

In view of the production stage, each firm commits to a wage W +w; (j = 1,2) for its own

drategic workers. This wage is paid only if the worker works for the firm a Stage 4. (In
what follows, the wage premium, w;, is referred to as the strategic wage) The promise
of a higher future wage is the only way a firm can protect itsdf from poaching when firms
co-locate.®

Stage 3 - Labor poaching

Depending on what the firms played in Stage 1, two cases must be distinguished.

=  When both firms are in the same location, they can poach on each other's strategic
labor. Firm i, by proposing a wage, W +w; , can hire as many of firm j's strategic
workers as it likes provided it offers them a wage higher than that promised by the
other fim: W+w3W+w;.10 When it poaches |; strategic workers with
Of£1; £L from the other firm, firm i can use their knowledge to reduce its own
costs. For smplicity, there is no direct cogt for firm j when it loses |; dtrategic
workers.11  On the other hand, we assume that adapting the knowledge embodied
inthese |, workersiscostly for firm i.

= When firms are not in the same location, poaching is impossble because labor is
immobile

8 Allowing firms to charge strategic workers at the beginning of Stage 2 would just impact on the outcome
of Stagel1 by neutralizing effects on wages at this stage only. By a straightforward backward induction
argument, the other effects would remain the same. We believethat it is more realistic to proceed as we do.

9 Most of the real world mechanisms used by firms to keep their workforce use delayed payments (stock
option, seniority system, etc). The alternative is to write restrictive labor contracts preventing defection to
competitors. Such 'restrictive covenants' must however be reasonable in the eyes of the law. Furthermore
the courts in most countries are protective of an employee's freedom to continue to sell his or her services
after finishing employment in the face of an ex-employer seeking to restrict that liberty.

10 We assume a sequential (and reciprocal) auction process for strategic workers. The poached firm decides
on a strategic wage first. The poaching firm then decides on a quantity. Note that the poacher realistically
benefits from a second mover advantage. But, it must also be noted that the poached firm sets its second
period wage forming rational expectations about the poacher’s behavior at Stage 3. Alternative auctioning
processes on strategic workers are | eft for future work.

11 Having such a cost would only reinforce our results.



Stage 4 - Price

Each firm hires its non-srategic labor, I;, and price competition in the common market

takes place between the two firms.
Let us now present the detals of the modd. The utility function of the
representative consumer is quas-linear and quadratic:

U (a6, M) = (142 Yo + ) bewc - Slof +ag e, 6y
where ¢, is the consumption of the good produced by firm i, M is a homogeneous good
which is used as numéare, a>0 and 0£b<1l. Maximizing the utility function in (1),
subject to the budget condrant M + pio; + pog, £R With R the income, leads to the
following linear demand functions:

1+a b 1

_ B | _ o
“Teb 1 p2 P T pz ™ = @

di

The parameter a can be interpreted as reflecting the market sze or drength of the
demand, whereas b is an inverse-index for the degree of differentiation between the two

goods. In the particular case where b=0, firms are in a monopoly postion on ther
markets, whereas the limit case b=1 is equivdent to Berttrand compstition with
homogenous goods.12 Al the results derived below depend only on these two parameters.
The concavity of the utility function guarantees that the demand derived in equdion (2)

defines a maximum.

Turning to production, assume a congtant labor requirement per unit:

L =G, ©)
where ¢ is the labor requirement per unit (or unit labor requirement) and L; is firm i's
totd labor force. Three different kinds of workers must be disinguished: (i) remaining
(or unpoached) strategic workers in quantity (L - | ), (ii) workers poached from firm j in
quantity 1,, and (iii) non-drategic workers in quantity ;.  Consequently totdl
employmentinfirmii is

Li=(L-1)+i+). (4)
The knowledge of poached workers can be used to reduce the firm's unit labor

12 5ee Ottaviano and Thisse (1999) for further comments on these preferences.
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requirement.  Unit labor requirement reduction decreases with the number of poached
workers:

¢ =c-al, (5
with ¢ the initid levd of margind cot and a an index of knowledge tranferability. For
consistency we assume c? al , so that firms adways face postive unit labor reguirements.
For demand to be postive when price is equa to magind codt, we dso impose
c£(a+1)w.

We assume tha trandferring knowledge is codly and rigng in the amount of
knowledge to be transferred. This cost adso depends on the degree of differentiation
between products. Competing forces may be a play here. On the one hand, when
products are close subditutes, they may use very smilar technologies so that the potentid
to learn from each other may be low. On the other hand, very differentiated goods may
use vey different technologies. This may limit how much firms can adgpt from each
other. The cogt of transferring knowledge takes the following form:

Cost of transferring knowledge =T(b) 2. (6)
The quadratic term in equation (6) implies that there are decreasing returns to scae in the
poaching technology, snce a unit reduction in labor requirement is more cosly when
many workers have dready been poached and it raises with | ;.13 This cogt, T(b), is
alowed to depend on the degree of differentiation between the products and can be

decreasng as wdl as increesng in b. As we shdl see, some of our results depend on the

shapeof T(.).
The generd resolution of the modd implies that the proportions of poached
workers, the profits when the two firms locate in the same labor market relaive to when

the firms locate separately, as well as the rdative prices and drategic wages, are function
only of b, T()/(aWL)? and (1+a- cW)/(awL). Consequently, without loss of generality,

we can to normdize L, ¢, a, and W to unity.14 Thus, the rest of the andyss considers

only the function T() and two parameters. a reflecting market Sze and b the inverse

13 This assumption of quadratic costs together with linear demand is standard in the strategic R&D
literature. See Leahy and Neary (1997) for more on this.

14 The derivation of this result is omitted here. The normalizations of the number of strategic workers and
initial costs are just choices of units for inputs and outputs. The normalization of a amounts to normalizing
minimum marginal costs to zero. Together with the normalization of the wage, this amounts to re-scaling
both firms’ profits and consumer’ s utility.

11



degree of differentiation between products. After these normdizations, equations (3) to
(6) yidd:

P, =piq - (1+wi)(1- I j)- @+w -1 - T(b) 2. (7
In this expresson, the firg term is the tota revenue, the second is the cost of retaining
drategic workers, the third is the cost of poaching workers from the other firm, the fourth
is the cost of non-strategic workers, and the fifth is the cost of transferring knowledge.

4. Prices, Poaching and Wages Under Co-L ocation

Throughout we assume that the cost of tranferring knowledge, T(b), is suffidently large.
When this cost is low, a firm can rely only on high wages to retain its workers.  This may
be very codly. In this case it can be worthwhile for this firm to deviate by undercutting
wages and let the other firm poach dl its workers. The absence of such a profitable
deviation is guaranteed by the following sufficient condition for the exisence (SCE) of
sub-game perfect Nash-equilibriain pure Srategies1>

5-b

T(b)>—20(1_ b)'

(SCE)

For the sake of clarity, condition (SCE) is assumed to hold in what follows. The behavior
of the modd when (SCE) does not hold is discussed in Section 4.4. The current section
solves for the last three stages of the game (wages, poaching and prices). The location
dage is andyzed in Section 5 together with welfare. Two specific examples are dso
developed in the same section for illudtrative purpose.

4.1 Stage4:. Pricecompetition

Hrm i maximizes its profit with respect to its price, subject to demand and feashility
condrants. At this sage, it takes as given the pricing behavior of the other firm, the
number of poached workers, the unit labor requirement, and the drategic wages. Its

programisthus

15 See the proof of Proposition 2 in Appendix 2.
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After smplification, the firgt-order conditions of program (8) imply:

1- b 2c; +bc;
el oy ook ®
1+a ij - (2- bz)Ci
Sk ooy ey M oy s ey ey (19
l :CiQi'li'(\l'Ij)' (11)

It can be easlly checked from the second-order conditions that these three equations define
a sub-game perfect Nashequilibrium.  Inserting equations (9) to (11) into the profit
function (7) yidds:

pi=PiG.c )-wili-1)- wil - T(B) 2, (12)

): [(1+a)(2+ b)(l— b)+bcj - (2— bz)ci]2 . (13)

with P (g, (2- b)2(2+b)2(- b)a+b)

I
The interpretation of equation (12) is draghtforward. The firg term is the revenue
associated with the unit labor requirements ¢; and cj. The second term is the cost of

retaining srategic workers.  The third term is the cost of poaching and findly the last term
is the cost of transferring knowledge.

4.2 Stage 3: Poaching decision

When the firms co-locate, poaching may take place. In order to poach workers, firm i
must offer a strategic wege above that of firm j. Obvioudy, it will set w =w; regardless

of the number of workers it poaches. Inserting this and equation (5) into equation (12)

implies the following program:
O“E/',?g(l'%('i,lj)-wi(l-Ij)-wjli-T(b)|i2 (14)

with Ri(li,lj)oA[B(a+|i)+b(li-lj)]2,A°( 1 and B°2-b- b2 (15)

4-02)°(1- b2
The revenue Rl ;) increases with the size of the demand a and decreases with the

subdtitutability between products, b. It dso increases with the number of poached
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workers, |;, snce poaching leads to a reduction in unit labor requirement. Because it

lowers codts, poaching leads to lower prices. This raises both totd sdes and the firm's
market share.  Compstition in the find good market dso implies tha the firm's revenue

declineswith poaching by the other firm, | ;.
From the first-order condition of program(14), fR /1l - wj - 2T(b)l ; =0, it is
possible to define the interior best-response in poaching:

- 1 &BDa w; 0
U wi,w, |o = -Dl; -—1, (16)
( J l) FéT J 2 Q
2 2\2
with; po 22D =bAB+b)andF°T(b)- (2' b ) =T(b)- AB+b)? (17)

a- b2)*(1- b?) 4-b2)*(1- b2
Turning to the second-order conditions, it can be noted that 1%p; /M1 ?=-2F 16 It can be
verified that if condition (SCE) is satisfied then F >0 for bi [0]], so that the second-order

conditions for this stage are satisfied. Following directly from (14), we can now write
Lemma 1:

Lemma 1. Under (SCE) and co-location, firmi’s best response at Sage 3 is:

. F B Wi
IF’R(I j,Wi,Wj):l, if | j£-—+a—-_J,
D b 2D
n . F B Ww;j B Wi
D b 2D b 2D
BR _ . B Wj
i (IJ’Wi’WJ)_O Jf aE- 5£| j-

As the best-response functions for each player are in three parts to account for corner
solutions in the poaching decison, nine regions must be consdered for Stage 3 (but only
gx when teking pars of symmetric configurations into account). These regions are
represented in Figure 1.1/

16 The shorthand notations AB,D and F are only functions of b and T(b). They alow us to reduce

drastically the length of the expressions below.
17 Figure 1 is drawn assuming w> 0 , which is not necessarily the case.
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More precisely, these regions are defined by:

*Region (i): wi £w and wp £w, « Region (ii): w(w; )£Wj and w<w; £w,
« Region (jii): w; £w and w<w;, « Region (iv): w<w; <w and wlw; ) <w,
« Region (v): WEw; and WE W, « Region (vi): w™ M (wy ) £w, <w(wy ) and

w Hwy ) <wp £ wwy),
where  w° 2(BDa/b- F- D), we2(BDa/b- F), w°2D(Ba/b-1), we 2BDajb,

F - F DEE';D a-F- D andw( )2W| ,F-DBD,

iy )o = 08

It is dso useful to denote the intersection of the interior best-responses given in Lemma 1
by:

1 a&BD Dw; - Fw o
w F+D§_ 2(F - Di . (18)

aswell as the semi-interior intersections, when | j =1 and | j =0 respectively:

| fu;)o 1?_[’- 712 and r@vj)onga-TJ% (19)

Smple caculaions then imply:
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Lemma 2. Under (SCE) and co-location, the sub-game equilibria for each region at
Sage 3 are:

o *
—
=
=
N

1

N ¢
=
Dy

5
~
1

o
5.
&
6.
5
~
NS

17 (wy W) =T (wywy ) and 175 (wy wy ) =T (wy,wy ) inregion (vi).

This lemma can be summarized by Figure 2.

Figure 2
W2
A

(iii) (iv) v)
17=0 17=0 17=0
2Ty ] 120

— (i) (iv)

(ii) "1 =1 (wywo) 1 =T (wy)
Uy =Lwy)/ 12 =1 (wp ) 12=0
|*2 =1

(i) (ii) (iii)
=1 17=1 I1=1
2=t 12 =1 (wz) 1220

1

To gan more indghts, it is possble to look more precisdly a the comparative datics of
the poaching decison.

Propostion 1.  Under (SCE) and co-location, in the poaching sub-game equilibrium,
poaching

increases with the firm’'s own strategic wage, ‘ﬂl*i(wi Wi )/‘ﬂvv, 30,
decreases with the rival's strategic wage, 11 (wi,w; )/w; £0,

increases with demand, 11, (wi w; )/fa® 0,
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decreases with the substitutability between products, 'ﬂl*i(wi ,wj)/'nbEO, for a
symmetric equilibrium, unless the cost of knowledge transmission sharply
decreaseswith b.
See Appendix 1 for a proof.
From program (14), the margind incentive for firm i to increase its poaching on
firm j’s labor force is IR /fl - wj - 2T (b)l . This quantity decresses with w; and | ; 18,
wheress it does not depend on the firm's own wage. As a consequence, firm i's interior

best-response for poaching (equation 16 and Lemma 1) declines with w; and | ; and is
independent from w;. The intuitions are the following. An incresse in drategic wage by

the other firm makes a reduction in unit labor requirement more expensve and this
reduces best-response poaching. The effect of poaching by the other firm is more subtle.
An increese in | ; implies an increese in firm i's relative margina costs, which, in a price
competition game, lowers its incentives to reduce them. In other words, the numbers of
poached workers in the two firms are drategic subdtitutes.  As regards own drategic
wages, best-response poaching does not depend on them since the firm takes poaching by
its rival as given. However, own wages impact on poaching in the sib-game equilibrium
through indirect effects A higher w; reduces | ; which in tun incresses firmi's
poaching because of dtrategic subgtitutability.

The incentive to increase poaching o increases with a since a stronger demand
increases the pay-off to lower margind costs1® Thus, best-response poaching aso
increases with demand through a gross profit effect. In equilibrium a higher demand dso
increases poaching by the other firm. In combination with drategic subgtitutability, this
decreases the incentive to poach. However, draightforward caculations from Lemma 2
show that the direct effect dominates so that poaching increases with a in the sub-game
equilibrium.

The effect of the degree of differentiation on the incentive to poach is ambiguous.

Firg, when products become closer subgtitutes, firms have less incentive to reduce their

18 TR o
IERIE
2
19 "R o
ﬂl i fa
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relative margind costs and thus to poach. When b increases, differences in margind

cods trandate into smdler differences in profits?®  This is a rivary effect whereby
competition is fiercer and profits lower. This effect of increased rivdry is reinforced by
the cost of trandferring knowledge when T (b)>0. In this case, as products are less

differentiated, knowledge becomes more difficult to transfer between firms so that the
incentive to poach is even wesker. By contrast, when T'(b)<O0, alarger b makes it essier

for firms to achieve a unit reduction in margind costs and thus favors poaching.  This
second  effect dominates only when T() decresses sufficiently sharply. These direct

effects determine the best-responses (egquation 16 and Lemma 1) compardive ddtics.
Some indirect equilibrium effects are ds0 present as b symmericdly impects on the

incentive of the other firm to poach. Because of drategic subgtitutability, these indirect
effects go agang the direct ones. However, in equilibrium, the direct effects of b

dominate the indirect effects working through | ;, as stated in the last item of Proposition
1

4.3 Stage2: Setting wagesfor strategic workers

At this gage, the firms may use the wage of their Strategic workers to prevent poaching.
In the trategic wage sub-game, the firm’'s program is:

Max R (I s ’WJ)I j 6"’1‘ Wi )) Wi (1' | ?(Wi Wi ))'leT@Vi W )-T(o) " =Wj) (20)

where 1, (wi,w; ) and 17 (w; ,w; ) are givenin Lemma 2.

Using the envel op theorem, the firg-order condition reducesto:

a1 IENE LT
BL 31- | j)- ﬂ_JW, T=0. (21)

15 Tw g Tw; 3
The firg term in equation (21) is the margind gain of increesng w; . It is the product of
two negetive partid derivatives and is thus pogdtive. A higher w; leads to less poaching
by the other firm which increases revenue because of lower relative costs. As indicated

by the last two negative terms in brackets in equation (21), a higher w; also raises costs by

2
20 TR

11 7b

<0.
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making retained workers more expensve and increasing their number. Note that the
drategic wage determines profit through two channds only:  directly through the wage
bill and indirectly through its impact on the other firm's poaching. All the effects of the
drategic wage on the firm's own poaching cance out, Snce poaching is chosen a the
following stage so asto maximize profit for any srategic wage.

We can now outline the derivation of the sub-game equilibrium for this dage (a
full derivation of the propostion below is given in Appendix 2). Frst, when the market is
large, i.e. when the condition a ¢ a , whereby:

7o 1)
AB?
Is sdtisfied, the maximization in equation (20) can be shown to imply that any maximum

1, (22)

is such that wy £w and wp £w. Thus any par (wy,wz)£€(ww) is in equilibium and
leads to the poaching decisions: | (wy,w,)=1"(w,,w;)=1. This defines a continuum of
full poaching equilibria, WP

Second, for intermediate market size, i.e., when the condition a <a <a , whereby:

a0, (F+D)*(F - D) _
AB|(B+2b)F?+[2- b2)D(F - D)’ (23)

is stidfied, the firg-order conditions of program (20) for firms 1 and 2 can be shown to

imply:

W, =@ aAB((B+2b)F2 +(2- b 2)D(lz - D))- (F+D)*(F- D)
F2-D?/2+F(D- Ab2/2)

where W> 0. Thisleadsto the following poaching:

(i) = i) o | = 2AB%F +(F +D)F - D)
(0= ) 2F2- D% +F(2D- Ab?)’ (29)

: (24)

where 0<i <1. We face here a second type of equilibrium for the sub-game. We cal it
patid poaching interior, WPP' . At this equilibrium, strategic wages are gtrictly positive
and poaching is dtrictly between zero and one.

Findly, for smal market 5ze, i.e. when a £ a, the condraint w; 3 0 is binding, SO
that the solution of program (20) for firms 1 and 2 is w; =w, =0, and the corresponding
(interior) poaching is

BDa
b(F+D)"

17(0,0)=17(0,0)= (26)

We spesk here of a partid poaching corner equilibrium, WPPC | since poaching is postive
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and beow unity with zero drategic wages. Lad, it can be verified that if condition (SCE)
Is satisfied, S0 is the second-order condition at this stage. We obtain Proposition 2 (for
which a complete proof is given in Appendix 2):

Proposition 2. Under (SCE) and co-location, the sub-game perfect equilibria in Sage 2

are such that:
WPPC:w; =w, =0 and I;=17, =BDa/(b(F + D)), ifata,
WPPwi =wl, =i and 1 =17, =1, ifa<a<a,
wFP Z{W;_;W*Z}T [O;v=v] and I';=1% =1, ifafa.

Note that the equilibrium is symmetric and unique for a <a. In Figures 1 and 2, these
sub-game equilibria correspond to the origin, which is in region (vi) when a £a, for
WPPC | to a point on the bisecting line in region (vi) for W°P' | and to dl the points in
region (i) for WP .

The intuitions for these results are the following. When maket sze (a) is andl
enough, rivary is wesk and firms do not atempt to prevent poaching, so that w =0 and

I” >0. When a increases, so does |I”, whereas w remains zero until a first threshold
(a) is met. Then, it becomes worthwhile for firms to raise their strategic wages to limit

poaching due to increasng rivary. As a Kkeeps increasing, SO do wages and poaching,
until the feeghbility condraint 1" £1 becomes binding. This defines a second threshold 7,
above which the poached firm is indifferent across dl draegic wages which lead to full

poaching by the other firm.
In the case of patid poaching interior equilibrium, W™ (i.e, a<a<a), the

comparative statics works as follows.

Proposition 3. Under (SCE) and co-location, when both poaching and strategic

wages are interior:

strategic wages increase with demand, fw; /11a3 0, and with the substitutability

between products, w; /‘ﬂb3 0, unless the cost of knowledge transmission sharply

increases with b.
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poaching increases with demand, 117 /a2 0, but decreases with the substitutability

between products, ﬂl*i/ﬂb £0, unless either a is low and the cost of knowledge
transmission sharply decreases with b or a is high and the cost of knowledge
transmission sharply increaseswith b.

See Appendix 3 for a proof.

The comparative datics of eguation (21) indicates that in absolute terms the
negative revenue effect of more poaching by the other firm increases with market sze and
decreases with the degree of differentiation between products (the effect is sironger when
both a and b are high)2l This is because differences in margind costs between firms
are ratively more important when demand is sirong or when the degree of differentiation
between products is low. Next, recal that firms gain from higher strategic wages because
they discourage poaching by the other firm. This deterrent effect of strategic wages upon
poaching does not depend on a and increases in asolute vaue with b (the impact of
higher srategic wages on poaching is larger when products are closer subgtitutes).?2 In
sum, from a revenue perspective, firms have stronger incentives to increase their drategic
wages when the demand and subtitutability parameters are high.

Sill from the comparative detics of equation (21), changesin a or b aso impact
on the rise in costs caused by an increase in srategic wages. An increase in the sze of the
market reduces the number of nonpoached workers (Proposition 1), and thus the
corresponding cost.  This goes in the same direction as the revenue effects described
above. Consequently and without ambiguity, a higher demand increases the best-response
in strategic wage. As regards b, the story is more intricate. From Proposition 1, poaching
decreases when products become less differentiated provided T() is not too strongly
decreasing in b, which increases the number of retained workers. Moreover, the effect of
drategic wages on poaching (the second term in the margind cost of increasng w; in
equation 21) increases with b, as just mentioned. Thus, an increase in b increases both

the gain and the codts of incressing w; , which makes the total effect on the best-response

2 o 2 o
21 TR <0 and TR

2. * 2. *
170 0
22 ___J -9 and | <o.

Tw; Ta Tw; Tb

<0
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ambiguous.

Furthermore, strategic wages in Stage 2 are drategic subgtitutes.  Thus the indirect
equilibrium effects are opposite to the direct ones that influence the best-responses. As a
consequence, the impacts of a and b on the equilibrium drategic wages are a priori
ambiguous. However, Propostion 3 shows that drategic wages dways increase with
demand, a. Strategic wages aso increase with b provided T(.) does not increase too
grongly. In this case, the direct rivary and deterrent effects dominate the cost effects and
the indirect effects. By contrast, when the cost of trandferring knowledge strongly
increases, poaching in Stage 3 strongly decreases with b, which reduces the incentives to
increase drategic wages. Using drategic wages to further reduce poaching becomes less
critica.  Strategic wages may even decrease when products become more subgtitutes.  the
cogt effect and the indirect effects dominate.

Regarding the impact of a and b on the equilibrium number of poached workers,
three effects play a role the direct effect holding Strategic wages constant at Stage 3 (see
Propogtion 1), and the two indirect effects working through srategic wages, which are
detailed in the previous paragraphs and which act in oppodte directions.  Frst, market
dze has a podtive effect on poaching: the direct effect of Stage 3 (poaching increases
with a holding wages fixed) and the indirect effect due to the own drategic wage (w;
increases, which increases poaching) dominate the indirect effect going through the rivd's
wage (w; increases, which decreases poaching). Turning to the inverse-degree of
differentiation, b, the effects are again more intricate. In most cases, poaching decreases
with b: the direct effect of Stage 3 (poaching decreases with b holding wages fixed) and
the indirect effect going through the rivd's wages (w; increases, which decreases
poaching) dominate the indirect effect due to the own drategic wage (w; increases, which
increases poaching). However, when a is low and the cost of trangmitting knowledge,
T(), srongly decreasss, the direct effect is wesk and poaching may even increase as
dated in Proposition 1. Similarly, when a is high ad T() srongly increasss, poaching
and strategic wages are low and strategic wages increase less, and may even decrease with
b. As a consequence, in these two gpecific cases, poaching increases with the
substitutability between products.
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4.4 Someintuitionswhen (SCE) isnot verified

Inthe (b,T) space, condition (SCE) dopes upwards as b increases and admits b=1 as

vertical asymptote.  The second-order conditions of Stages 2 and 3 also dope upwards
with the same verticd asymptote. The second-order condition of Stage 2 lies between
(SCE) and the second-order condition of Stage 3. Thus, for (SCE) to be satisfied for dl
bs, we then need T() to be suffidently increesing. When condition (SCE) is not
satidfied, three different regions must be distinguished.

Immediatdly below (SCE), there is firg a region where both second-order
conditions for Stages 2 and 3 ae satisfied. In this region, there are no particular
difficulties as shown in Appendix 2. However, computations show that there is no sub-
game equilibrium a Stage 2 in pure drategies for some vaues of a. Non-existence arises
here for the following reason. At the unique interior solution for drategic wages and
poaching as derived from the fird-order conditions, a firm can profitably deviate by
lowering its drategic wage S0 that it no longer poaches anyone. This rases the firm's
costs and lowers its market share but this loss is in some instances more than offset by a
lower wage bill. Such a dtuation cannot be in equilibrium because this deviaion gives
the other firm an incentive to lower its wage as wll.

Below, lies a second region where the second-order condition for Stage 3 is
satisfied, whereas that for Stage 2 is not.  Any equilibrium in pure drategies for the wage
sub-game mug thus be in a corner.  However, nether symmetric nor asymmetric corner
dtuations can in generd be sugtained as equilibria.  In this region b is large dativeto a
S0 that grong rivary implies high drategic wages. These wages are 0 high as to make
the deviation in drategic wages, w =0, profitable  The other corner Stuation with
drategic wages equa to zero cannot be in equilibrium either. Because of drong rivary,
one firm is aways tempted to raise its drategic wage to prevent poaching. Findly, no
equilibrium can be sustained with asymmetric corner dtuations where one firm sdts its
wage to a low levd and does not poach whereas the other sets its wage at a high enough
level and poaches dl the workers from the other firms. In this case, the former firm finds
it profitable to raise its wage to reduce poaching by the latter. The best-response from this

firm is then ether to raise its wage further or to reduce it dramaticaly. Thus, there is no
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sub-game perfect eguilibrium in pure srategiesin this region23

Even further below, lies the last region where both second-order conditions are not
stisfied. For some parameter configurations, the solution of the poaching sub-game
implies ether full poaching or no poaching for both firms  This last Studion can be
shown never to be in equilibium when solving the wege sub-game. For the other
configurations, there is co-exigence of two asymmetric equilibria involving full poaching
for one firm and no poaching for the other. Thus, in this region, multiple sub-game
equilibria are possble a Stage 3. This implies that the complete game can be solved only
usng game theory refinements and by sudying mixed draegies, which is beyond the
scope of this paper.

5. Location and Welfare | ssues

We can now turn to the location decison. When firms locae separately, they cannot
poach due to the workers immobility, which implies 13 =17, =0. Thus, a Stage 2, they
optimally set their strategic wages such that w; =w, =0. From (12) and (13), the firms
profit when they locate separately are:

S_ _.S_._S _ a2(1-b)
Py =P =P —m- (27)

5.1 Stagel: Location decision

We can now define F(a,b)° p©(a,b)- pS where p®, the profit when firms co-locate, is
dther p™, p™ or pPPC (i.e, the profits under the full-poaching, the partial-poaching
interior or the partia-poaching corner equilibrium of Stage 2), depending on a and b.
When F(a,b)? 0, firms want to co-locate and two location equilibria are possble: (1,1)
and (J,J). Both equilibria imply co-location. When F (a,b)<0, firms do not want to co-
locate and two other location equilibria are possble (1,J) and (J,1). Both equilibria
imply disperdgon.

23 This is a standard feature of Bertrand games with variable marginal costs. See Gabszewicz and Thisse
(1999) for ageneral discussion on thisissue.
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We now turn to the determination of the sign of F(a,b). For smplicity we assume

that under full-poaching, the firms preferred equilibrium is played (w; =w,=0). The
results depend on the Sze of the market, the degree of differentiation between the products
and the cost of transferring knowledge.

For a large maket, tha is when a3 a, which leads to the full-poaching
equilibrium of Stage 2, it can be verified from equetions (12), (13) (22) and (27) that:
F(a.b)=2AB%(a- )¢ 0. (28)
The profits of co-location are dways higher than those of separation. Consequently the
firms dways co-locate when the market islarge.

For a market of intermediate size, that is when a <a<a, which leads to the
partid-poaching interior equilibrium of Stage 2, we obtan from Propostion 2 and
equations (12), (13) and (27):

oy b)) o
F ,b)—m T(o)I2. (29)

Since from equations (24) and (25), | and W arelinear in a , the expresson F(a b) is
quadratic in a with a positive coefficient for a2. The condition F(a,b)=0 can be shown

to be ether postive whatever a and b or to have two postive a -roots. In this latter

case, both roots are either (i) greater than a, or (i) only the smallest one is between a
and a, or (iii) both are between a and a. Thus, three cases are possible: (i) the two
firms aways locate together, (i) the two firms locate together for low a and separately
for high a, or (iii) the two firms locate together for low a , separady for intermediate a
and together again for high a .

Findly, for a smdl market gze, tha is when a £a, which leads to the partid
poaching corner equilibrium of Stage 2, it is verified from Propostion 2 and equations
(12), (13) (15), (17) and (26) that:

)= A’B?(B+b)(BF - b(F +D)) -

F(a,b (F+D)?

(30)

This expression is positive only when b<+/3-1 and T(b)(z- 2b - b2)3 ABZ(Z- bz), which
does not depend on a. Thus, when the market is smdl, the two firms co-locate only
when b is not too high, i.e, when the degree of differentiation is high enough and when
the cost of tranferring knowledge, T(b), is large enough relaively to b. This leads to
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Propostion 4

Proposition 4. If (SCE) is satisfied and:

a £a , thefirms co-locate if and only if T(b) islarge enough relativeto b,
a <a<a, the firms co-locate either for any a, or only if a isclose enoughto a , or
for a closeenoughto both a or to a , but not in between.

a £a , thefirms always co-locate.
Hence the result we want to emphasize in this paper is that firms can Srategicaly decide
to locate separately despite the lower unit labor requirements associated with a common
location. The effects of market Sze, a, as regards this possble outcome of separate
locations, WS, are subtle. When a is below a first threshold (a), poaching increases with

market Sze but drategic wages do not. Thus, there is clearly an incentive to co-locate
when a £a. Above this threshold, both poaching and wages increase with a. A higher

a then leads to both lower labor units costs and a higher wage bill. The overdl effect on
profit is ambiguous and can be norrmonotonic as a increeses  firms may not co-locate
for high or intermediate values of a . Then for a market larger than a , firms poach dl of
their strategic workers from each other. There is continuum of equilibria for the drategic
wage but it makes sense for the firms to coordinate on the equilibrium with Srategic
wages equd to zero. This implies a low wage hill, large codts reduction and thus a strong
incentive to co-locate.

The impact of products subditutability on co-location cannot be determined
without specifying the cost of trandferring knowledge function T(.), since the comparative
datics on poaching and drategic wages depends on its dope in the Stage 2 sub-game.
However, separate locations should occur when rivary on the product market is strong (b
close to 1), which is verified on both examples presented in Section 53. As dated in
Propogition 3, strong rivary induces both low poaching and high Strategic wages, a least
for T() not too srongly increasing or decreasng.  This implies that the costs of
preventing others from poaching can be &bove the gains from poaching, when the
differentiation between products is low, which leads firms to locate on different |abor
markets.

Another way to interpret these results is to think in terms of forces of

agglomeration versus forces of disperson. Our force of agglomeration is the opportunity
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for firms to improve their technology and lower their costs through the poaching of
drategic workers from another firm. To our knowledge, this is a novety with respect to
the exiding literature where the agglomeration forces are either driven by spillovers for
which no microeconomic foundations are given or, when there is a labor market, by a
better or safer matching between firms and workers.  Our agglomeration force is strong
when the costs of trandferring knowledge are low (because of chegper cost reductions),
when the products are very differentiated (because firms can capture a large fraction of the
aurplus accruing from lower costs and because rivary is weak) and when the market is
large (because cost reduction takes place over a larger quantity of output). Our dispersion
force gems from drategic interactions between rivd firms who have incentives to push up
their drategic wages to discourage the other firms from poaching from their workforce.
This dispersion force is strong when the cogst of transferring knowledge are low (because it
makes poaching more dtractive and thus forces firms to react by raisng ther wages),
when differentiation between products is low (because the surplus accruing from lower
costs goes to consumers and because higher rivary results in higher wages to prevent
poaching) and when market sze is neither smdl nor big (because in both cases firms do
not use drategic wages to prevent poaching ether because the market is very smdl or
because it would not prevent full poaching). When the disperson force dominates the
agglomeration force, firms prefer to locate separately.

5.2 Wdfare

We can now look a the wefare properties of our equilibria in order to sate if dl possble
benefits of knowledge exchanges are captured or not. Total surplus is the sum of

consumers’, workers' and producers surpluses.

1
TS={Lra)(o vz ba, - 5 (o o) @
- Pl - Pl + (- Ty +1aw + (10 oy + oW, +py +p,.
Proposition 5 is derived in Appendix 4:
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Proposition 5. The optimum implies at

Sage 1: common location,
Sage 2: any strategic wages,
Sage 3: optimal poaching given by:

e a - 1 a+l
= ) T T1)> 27y a9 Tl )y
*% *% *% *% - 1 2(1- b h +1- 2b

e I, =11,=00rl; =1-1, =1, if 3T(b)3
' ? ' ? Fo7) T 2l b?)

o 1. =15 =1, otherwise.

Sage 4. marginal cost pricing.

To avoid any deadweight loss, the optimum obvioudy involves margind cost pricing.
Since drategic wages only change the didribution of the surplus, they are irrdevant here.

Furthermore, due to the cost-reduction arisng from exchanging workers, the optimum
aso involves co-location. Regarding poaching, three cases are possble.  When the cods
of transferring knowledge are high, the optimum implies that not dl drategic workers are
exchanged. By contrast, when T(b) is suffidently smal, the optimum involves full-

poaching. When T(b) is intermediate, a third case can arise. It involves an asymmetric

cost-reduction whereby unit labor requirements do not change in one firm and are lowered
as much as possible in the other. Asymmetric cost reduction is optima when market
demand is not large enough to judify the maximum cost reduction for both firms and
when the two products are close enough subdtitutes that it makes sense to invest in only
one product to avoid duplicating investment.

Turning now to the comparison between the optimum and the equilibrium, note
fird that, due to imperfect competition, the equilibrium price given by equetion (9) is too
high with respect to the optimum. Conditiond on the firms co-locating, the poaching sub-
game equilibrium may imply too much or too little poaching. This ambiguous outcome is
the result of contradictory forces. Firt, equilibrium prices are above margina costs. This
reduces demand and thus the incentive for cost reduction. Second, firms raise the wage of
their drategic workers.  This makes poaching more costly - another force limiting cost
reduction. However, there is aso a rivary effect whereby firms try to lower their cods
relaive to those of their competitors. This force pushes towards too much cost reduction -
a frequent outcome in modes of invesments under market rivary. Regarding location,
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firms choices may aso be sub-optima in equilibrium. Having separate locations for
firms in equilibrium is a vey ingfident oucome snce it prevents any form of poaching.
Thus, the modd predicts atendency for sub-optima digoersion.

5.3 Two examples

To sharpen the intuitions, it is worth exploring two examples for which T() is specified.
As made clear above, the results depend on T'(). We illusrate our results with the
following two cases  T(b)=1 (the cost of knowledge transmission does not depend on the
degree of differentiation between products) and T(b)=1/(1- b) (the closer substitutes the
products are, the more difficult is the reduction of unit labor requirements by learning

fromrivals).

Consider firg T(b)=1. Condition (SCE) can be shown to be sisfied for b£b
with b»0.83.  Applying Propositions 2 and 4, we can represent graphicaly the
equilibrium depending on the two parameters a and b (see Figure 3).24  Fallowing
Propogtion 3, straightforward but tedious dgebra shows that when the two firms share the
same location, 11;/fa% 0, " /fb£0, Iw /a2 0, and w /b2 0. Note aso that firms
tend to locate on separate labor markets only when the degree of differentiation is low

enough (Propodtion 4).
Figure3
A
WFP
SCE not
sdisfied
10]
WP ws
0 WPPC
0 L. p

24 | n the case of full poaching, we assume the firms' preferred equilibrium is chosen in both examples.
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The intuition for these results follows directly from Propogtions 2 and 4. Due to the
drategic and rivary effects on the gross profit and on the wage hill, a larger market (a
higher a) raises the incentive to lower costs and thus to poach. Above a first threshold
(a) and to counteract this, firms raise their drategic wages, which reduces poaching.
These indirect effects are however not sufficient to cance the direct one and poaching
increeses.  If the subditutability between products is sufficiently high, profits under co-
location may become lower than under separate locations when market size incresses and
firms choose different locations. Above a second threshold (a ), there is full poaching and
drategic wages go to zero, S0 that a common location is obtained whatever the market size
and differentiation parameters.

An increase in b makes drategic effects and rivary stronger.  This leads to higher
wages and less poaching in equilibrium. In turn, this increase in b reduces the incentive
to co-locate. Thus, as products become closer subgtitutes, a common labor market
becomes less dtractive with a greater incentive to separate, and firms choose a common
location only for b low enough. Increased rivary has a second effect. As b increases,
drategic wages may increase SO0 much as to make a deviation profitable. For b large
enough, it is actudly profitable for a firm not to try to retain its drategic workers and
propose them very low drategic wages. There is no equilibrium in pure drategies in this
case.

Regarding wdfare, when firms locae separately, the equilibrium is sub-optimd.
Optima poaching would be grictly postive for these values of the parameters. Moreover,
when firms locate in the same place, WP is optima, but poaching is too low for both

WP and WPPC because firms do not receive dl the surplus created by lower margina
costs.

When T(b)=1/(1- b), the condition (SCE) is satisfied for any b. The eqilibria,
derived from Propositions 2 and 4, are represented in the (a b) space in Figure 4. From
Proposition 3, when the two firms share the same location, 11%/fa3 0, 1I'i/b£0,

W /a2 0, and Tw; b £0.
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Figure4

wrP wS
10 |

wPPC :
D 1 ip

There are two mgor differences with the previous case  firs, the equilibrium
wage decreases with b and, second, the equilibrium can be characterized for al parameter
vaues The reason for these differences lies in the fact that the codts of transferring
knowledge, T(b), incresse with b. These risng costs of transferring knowledge more
than offset the increase in the incentive to poach. Consequently, firms can lower the
drategic wage they propose to their workers, while poaching smultaneoudy decreases.
As a corollary, when b increases, no opportunity for wage under-cutting arises and the
exigence of the sub-game equilibrium is not caled into question. Separate locations are
dill observed when the subgtitutability between products is high and for intermediate

demand sze. Findly, the welfare results are the same asiin the previous example.

6. Conclusions

To explore some of the issues raised by the labor market pooling argument, we proposed a
model where firms, which ultimatedy compete on a differentiated product market, choose
firs a location. Then they hire workers that may later be poached by another firm if co-
location arises, while they may themsdves poach workers from the other firm.
Anticipating this, firms may increase their wages to limit poaching. Our results show that
co-location, dthough it is dways efficient, is not in generd the equilibrium outcome. In
particular, it is when the conditions of perfect competition are gpproached that firms
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sepaate. As rivary intendfies, poaching decreases while firms raise the wage of ther
drategic workers.  This means a higher cost of co-location because of higher wages, as
wel as lower benefits from co-location because of smdler flows of workers and
knowledge across firms. When the costs of poaching are higher than the benefits of
pooling, firms choose to locate separately.

This model dlows us to propose some dterrdive explanations regarding the
functioning of some wadl-known clusers, namey Slicon Valey and Route 128
Saxenian (1994) attributes the success of Slicon Vdley and the redive decline of Route
128 to cultura differences between East and West in the US. In a nutshdl, she clams that
more open-minded Cdifornians let ther workforce hop from firm to firm, which yields
important benefits for Slicon Vdley as a whole. By contradt, the ‘cultureé in the Eadt is
to try to retan workers as much as possble. Our modd aso accepts the premise that
workers mohility across firms is socidly beneficid but it suggests a different explanation.
Firms in Route 128 are modly in the maket for manframesmini-computers where the
degree of differentiation is low, wheress oftwarefinternet activities, which dominate in
Slicon Vdley, ae intringcdly more differentiated (high b versus low b). Furthermore,

demand over the last 15 years has been much stronger in te software market than in the
market for mini-computers (high a versus low a). Consequently, in the light of our
modd, it may be optima for firms in Route 128 to prevent poaching and for firms in
Silicon Vdley not to prevent poaching.

Beyond this suggestive re-interpretation of a famous case, our modd generates a
st of predictions that may guide future empiricd work. The firgt prediction is that wages
for ‘drategic workers should be higher in aress where firms in the same industry
cluger.? Second, firms productivity and productivity growth are predicted to increase
with equilibrium workers flows across firms26  Third, the modd aso predicts that the
flows of workers between firms should be more important when firms clugter. Fourth, the
comparative datics on market Sze dso indicates that when a sector is booming, flows of
workers across firms within the sector should be higher. Fifth, the comparative datics on
product differentiation is less clear-cut but it nonetheess shows that the tendency for firms
to cuger should increase with the degree of product differentiation within the indudry.

25 By contrast, the traditional insurance interpretation of labor market pooling implies that workers are
happy to accept lower wages where there are more potential employers

26 Davis and Haltiwanger (1998) indicate that a positive correlation between workers flows and productivity
growth isobserved in US data but the direction of causality remains unclear.
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Sixth, like in human cepitdl models, the wage is dso predicted to increase Steeply over
time for key strategic workers2/ This later effect is not due to any form of generd
human capital accumulation, but on the contrary, it is caused by knowledge that one firm
tries to protect and that others may obtain by hiring key workers. We hope these
predictions will be subject to empirica scrutiny in the future.

A few unresolved issues and caveats are left for future theoreticad work. Our
model o far condgders only two firms. The extenson to many firms is important as a
greater number of firms may change the terms of the trade-off between pooling and
poaching. In paticular the benefits to pooling may increase with the number of firms
(more opportunities for firms to learn when there ae more firms) whereas the cost of
poaching may aso decresse with the number of firms (through a dilution of the rivary
effect as workers leave to different firms). Second, dternative auctioning processes
regarding drategic workers could be consdered. For ingtance, one could think of using a
smultaneous auction process where firms would decide how much to spend to retain
drategic workers and to poach workers. A last important extenson regards viewing the
initid recruitment of drategic workers as an endogenous investment.  This paper
congders that only the diffuson of knowledge is endogenous, whereas of course it is both
its generation and its diffuson that must ultimately be understood in the same framework.

27 See Mgen (2000) for evidence on this point.
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Appendix 1. Proof of Proposition 1

When (SCE) is satisfied, B, F, D and (F-D) are positive and do not dpendon a. The
comparative dtatics of poaching with respect to a, w; and wj is thus directly obtaned
from equations (18) and (19) which give poaching & Stage 3 for region (vi) and regions
(i) and (iv), respectivdly. In the other regions, poaching is congant. Turning to the
compardtive statics of poaching with respect to b in the symmetric case (w; =wj =w),

note that equation (18) reduces to:

Mow, ) gt ws. (A1)

From the definition of F, we have:

@10 , 'n!A(B+b)2! D

c + T(b)- + =

eF+Dg__ flb fib
Tb (F+D)?

: (A2)

where - 'ﬂ(A(B+b)2)/'ﬂb+ 1D/Tb>0. Thus, aslong as T(.) is not too strongly decreasing

in b, ﬂ%g fb£0. Since BD/b aso decreases with b, the number of poached
e

workers decreases with b in this case. A strong decrease of T() with b may on the

contrary induce an increase in I/(F + D) that offsets the decrease of BD/b, in which case

poaching may increase with b.

Appendix 2: Proof of Proposition 2

In this proof, we loosdy use the term "equilibrium™ for "sub-game perfect equilibrium in
pure strategiesin Stage 2. Let us proceed in steps.

Step 0. When (SCE) is satisfied, w(w,) (resp. wiw;)) isstrictly increasing and strictly less
steep than w(w,) (resp. w(w,)) inthe (w; w,) space (asdrawn in Figures 1 and 2).

Simple computations show that w(w,) and. w(w,) are drictly increasing if D/F >0. The
conditions w(w;) less steep than w(w,) and w(w,) less steep than wiw,) in the (wws,)

space reduce to (Fz - Dz)/FD3 0. It is then easy to show that these two conditions are
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satisfied when (SCE) holds.

Step 1. Thereisno equilibriumin regions (iii), (iv) or (v).

From Lemma 2, we have I*j (wj ,wi):o in regions (iii), (iv) or (v) so tha firm i’s profit is
equd to:

pi= AE”‘BJ’(Z' b2) ;o w, )]2 v - w il ww ) TN e w (A3)
with 'nl*i(vvi Wi )/‘ﬂwi =0 in these regions (Lemma 2). It is then draghtforward that

fip; /Tw; < 0, which prevents the existence of any equilibrium in these regions.

Step 2. There is a unique equilibrium in region (vi) for a non-empty set of parameters

(a<a<a)anditissymmetric.

Step 2.1. (SCE) implies that the second order conditions of both Stages 2 and 3 are
satisfied.

Program (20), evaluated a 17y (wy,w, ) =1 (wy,wy) and 17 (wy,w,) =T (wy,wy) leads to the
best-responses:

- 2(F+D)(F - IAb(4— 2b- b2 - Ab2DT (bw,

wiw;) F2F2- b 2AF - 3D?)

(Ad)
L (F-DJF?+AF(a-b- 602 +20*) A*(B+D)2[4- b-202+b°)a
Flor2- b2aF - 302

assuming that the second-order condition, which reduces to 2F? - b2AF - 3D >0, holds.

Since this inequdity holds whenever (SCE) is satidfied, the second-order conditions of
Stages 2 and 3 are satisfied. Note also that under (SCE), firm i's best-response regarding
its Strategic wage is decreasing with firm j's strategic wage.

Step 2.2. Inregion (vi), there isa unique and symmetric equilibrium candidate.
Since the second-order conditions are satisfied, any equilibrium in region (vi) is given by
the intersection of the best-responses (A4) of the two firms. This intersection is unique

snce these conditions are linear in (wyw,). It is dso symmetric.  Straightforward

computations show that this candidate, W™™' (for Partid Poaching Interior equilibrium),
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is defined by w; =w, =W and 1, =1", =1 with W and | given in equations (24) and (25)

of the main text. WPP' is in interior equilibrium if and only if 0<i <1, W>0, and if no
firm, by changing w;, can profitably deviate to another region. Steps 2.3 and 2.4 check

these conditions.

Step 2.3. The existence conditions 0<i <1 and W>0, reduceto a <a <a, where a and
a depend onlyon T(.) and b.

Straightforward computations show that the condition | >0 is dways verified. Moreover,
the condiition I <1 reducesto a <a with a defined in equation (22) of the main text.

Similarly, the condition W>0 reduces to a<a with a defined in eguation (23) of the

main text.

Step 2.4. No firm can profitably deviate from WP to another region a <a <a.
a) From gep 0, no unilaterd deviaion from region (vi) can take place in regions (i) and

(v).
b) We check now that no firm i can choose w; S0 asto profitably switch to region (ii).

Hrm i cannot profitably deviate in the pat of region (i) where w; <wj. Snce firm j
poaches al its strategic workers, its profit does not depend on w; in this region and it
is equal to the profit obtained a wiw; ). By continuity, this is equdl to the profit when
w; tend towards this line in region (vi). This profit is however lower than the
maximized profit in region (vi), a the equilibrium candidate WPP! .

In the part of region (ii) where w; >wj, it can be shown that firm i's profit is concave
in w;. For any wj, the strategic wage that satifies the firgt-order condition of profit

maximization in this region is given by:

_+d ¢ 2aAB(F(B+2b)- bD)- 2F % + 2ADb? _

W, =W A5
' OF - Ab>2 (A3

d

A necessary condition for the deviation to be profitable is w l(W)£®?. Smple

computations show that this condition implies a £a, which is impossble from step 2.2

snce WP exigsonlywhen a <a <a.
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¢) Findly, no deviaion to region (iv) is profitable. The proof is amilar to that for region
(ii).
Hrm i cannot profitably deviate in the part of region (iv) where w; <w;. By the same
arguments as used in gep 1, firm i's profit srictly decreases with its wage in the part
of region (iv) where wj <w;. By continuity, it is thus lower than the profit firm i
obtains in region (vi) a v_v(wj). This profit is however lower than the maximized
profit for the region (vi) at the equilibrium candidate WFP'
Turning to the part of region (iv) where w; >w;, it can be shown tha firm i's profit is
concave in w;. For any w;j, the strategic wage that satisfies the first-order condition
of profit maximization in this region is given by:

g o 2AB(F (B +2b)- bD)a - 2F?

. = A6
2F - Ab? (A6)

Note that W% is not necessarily postive when (SCE) is satisfied. When W £0, the
drategic wage for firm i when deviating is 0.
d) However, the pair (Max(\ixf’d,o),\‘/\) does not necessarily belong to region (iv). A necessary

condition for firm i to profitably deviate is to have Max(x?vdd ,0)£v_v'1(\7v). Some

computations show that this condition is equivdent to a £a=, where a is a function of b

and T. When (SCE) is stisfied, §<g s0 that no profitable deviation can occur when
afa.

e) When (SCE) is satisfied, we just proved that no deviation to region (iv) is profitable,
thus no deviation to region (jii) is profitable dther, snce firm i's profit does not depend on
wj in region (jii), and is equd, by continuity, to the profit it obtains in region (iv) when
w; tendstowards w .

a), b), ©), d) and €) guarantee that no deviation is profitable from WF™' to any other region
when a <a <a . Findly, thisregion isnever empty sinceit iseasy to show that a < a .

Step 3. Thereisa unique symmetric corner equilibriumwhen a £ a .

Clealy, if afa, tha is if WE£0, smple cdculaions show that there is an equilibrium

candidate WPPC  (for Patid Poaching Corner equilibrium) with w; =w,=0 and
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1, =1, =BDa/(b(F + D)) (which is obtained by insarting w; =w, =0 in the definition of
the equilibrium candidete for region (vi) given in Lemma 2). Note that a £a guarantees

0<I’ <1. Moreover, from step 2.3, we aso know that no firm can profitably deviate by

changing its trategic wage. Thus, a £a ensuresthat WPPC isin equilibrium,
Step 4. Thereisa continuum of equilibriain region (i) for a non-empty set of parameters.

Step 4.1. Any point in region (i) is an equilibrium candidate.

Firgt note tha region (i) is feasible (strategic wages are non-negative) if and only if O£ w.
When this condition is sdisfied, any point in region (i) may be in equilibrium, snce the
profit of any firm does not depend on its drategic wage (al workers are poached). Let
WP (for Full Poaching equilibrium) denote one of these equilibrium candidates where

wy [0,v=v], wo 1 [O,\Lv] and 17=17=0.

Step 4.2. No firm can profitably deviate from WP to another regionwhen a £a .

a From sep O, no unilatera deviation from region (i) can take place in regions (iv), (v)
and (vi).

b) By the argument used in step 1, no firm would find profitable to switch to region (iii), if
we prove tha it is not profitable to switch to region (ii). Thus, we just have to check
possible profitable deviations to region (ii).

¢) Frm i can only deviate in the pat of region (i) where wj <w;. Asin step 2, in this
region, firm i's Srategy is given by (A4). A necessary condition for firm i to profitably

devigte from WP to region (ii) is thus w<w“. Direct computations show that this

condition isequivalent to a <a . Thus, thereis no profitable deviationwhen a £a .
d) It can be checked that when a £a , then O<w. This proves tha region (i) is not empty

inthiscase.
From a), b), 9 and d), we can conclude that a continuum of full poaching equilibria exists
in region (i), which isnot an empty sst when a £a .

Step 5. Thereisno equilibriumin region (ii).
It is sufficient to prove that a least one firm deviates from any point belonging to region
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(ii) that we decompose in the part where a £a and the onewhere a <a .
Step 5.1. Thereisno equilibriumin region (ii) where wj £w;, when afa.
In step 4.2, it has been observed that ¢ £w when af£a. Thus when a£a,firmican

profitably deviate to either region (i) (when wj £w) or region (vi) (when w<w; ).

Step 5.2. Thereisno equilibriuminregion (i) where w; £w;, when a <a.

For any w; such that WEW £w in region (i), firm j's profit does not depend on wj, since
firm i poaches al its labor force, whatever wj. By continuity, this profit is equd to the
profit firm j obtains in region (vi) a (w;,w(w;)). If & this point, firm j’s profit increases
with w;, firm j profitably deviate to region (vi). However margind profit is not
necessarily positive, even when WP exigs (when a<a): firm j's best-response is
decreasing, but its intersection with wiw; ) could be beow (w; ,w(w;)). However, smple
computations show that the derivative of firm j's profit in (w;,w(w;)) is indeed positive

when a <a.

These five steps lead to Proposition 1.

Appendix 3: Proof of Proposition 3

From equation (24) and (25), the poaching and strategic wage in equilibium WPP' can be

written as:

w =w="*3K 54 = =M*aN (A7)
2L

with H=-(F +D)?(F - D), K :AB((B+ 2b)F 2 +(2- bz)D(F - D)),

L=F2- D2/2+F(D- Ab?/2), M =(F +D)(F - D), N = AB?F .
Straightforward computations show that K, L and N are postive, which implies that both
strategic wages and poaching increese with a . Regarding b, we have:

T L@H L K LG, L L o0

2K
= H—+ag—L- =+T T L-H=+a L - o A8
To L2§ﬂb o &b by T T T g (A8)

Itiseasy to show that: LYH/fb- HfL/Tb>0.When LIK/Tb- KL/Tb3 0, thisimplies
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™, . H£+aaﬂ£L-K£g3o. (A9)
b b "&b b5

When LYK /b - K L/fb<0, usngthefactthat I £10 a £(2L- M)/N, we have:

1

—L-H—L+aaa£L-K&%EL-H£+2L_M%L-K&g>0 (A10)
R T T A A T VIR T Y

Smilarly, LYH /9T - HL/9T <0, but LYK/9T - KL/9T >0. Using
| £20 a £(2L- M)/N , thisimplies

TR, 8K o™y b2 MR, Lo, (A1)

T T efr Mg T T N efrT Mg

Thus, when T'()£0 or when T() is not too srongly increasing, (A8)-(A11) imply:
/b3 0.

Turning to poaching, from (A7), we have:

m_iam, uI Lo sl L, o8N, N“LZ‘Q?.(AQ)

AN
L-M—+ag—L- N—=+T ble—VL- M—+ - N—=
o 1251 R T TR s bk OO o

Using a comparable mgoration than for (A13), we obtain:

ML-MEM’;\@L-N£2£ML-M£+2L-M®L-N£2<O (A13)
To To o Tog Tb b N &fb Tog

However, regarding the second term, we have LIM/9T- M IL/1T >0, but

LIN/MT - NIL/fT <0, ad no mgoration or minoration can be obtaned for
LM /9T - M /9T +a(LIN/T - N IL/9T). This expresson is postive for low a and
negative when a is high. The comparative datics on poaching with respect to b is
directly obtained from this.

Appendix 4: Proof of Proposition 5

Usng (2), (3), (4), (5), (7), totd surplus can be smplified into:

1
TS=(1+a)(w +02)+benca -~ + B} (- 1) B 1ok TONE1B) (ag
The sufficient firg-order conditionsin ¢ and g, imply:

l+a b 1
= + 1- 1) ——(1-1,). Al5
1+b l-b2( ) 1-b2( ) (ALS)

di
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It is immediate that (A15) is equivdent to margind cost pricing. Insat (A15) into (Al4)
and take the first-order conditions with respect to | ; to get:

s_a b 1 21(b)fL- b2
M, 1+b 1-b% 1- b?

. (A16)

If 2T(b)(1- b2)>1, the firs-order conditions are sufficient to define a globad maximum and

we find 17 =17 =Max(1,a/(2T(1+b)-1)).  When 2T(b)(1- b2)£1, the firg-order
conditions no longer define a globd maximum. The optimum must be a corner solution.

Thecase |;=1,=0 must be ruled out because of (Al4). 1;=1-1 ;=0 can be shown to
be a locd maximum when a £b/(1- b). Further, it can be checked tat | ;=1 ,=1 isa
maximum when a3 (b-1+ 2T(b)£[- bZW(l- b). The comparison of these two loca
20- 1+27{1- b2)

21-b)
Findly regarding Stage 1, it is immediate that a the optimum the two firms mugt be

located in the same labor market. These results are summarized in Proposition 5.

maximaimpliesthet | 1 =1 , =1 isagloba maximumwhen a >
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