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1 Introduction

1.1 Unions and firm de-location

What is the effect of unionization (or the threat of it) for the decision of a
firm where to locate production? In a globalized economy, too high a wage
demand by unions may trigger a de-location process of firms. Firms can
escape the union which then leads to a moderation of wage demands.

In addition to the wage damping effect, the unions’ wage setting is re-
stricted since the union can only capture (parts of) the quasi-rent defined
as the difference between profit when producing at home and abroad. The
marginal firm, i.e. the firm that is just sitting on the fence when it comes to
the de-location decision, does not earn any quasi-rents. Therefore, a union
facing the marginal firm cannot set higher wages (as compared to the com-
petitive case). Consequently, the de-location decision of the marginal firm is
not affected by unionization. Based on this argument, we would expect that
the degree of unionization has no effect on the amount of firms de-locating
their production facility. Using data from OECD countries where we employ
the stock of foreign direct investment (FDI) as a proxy for de-location, we
find, however, that unionization and FDI are positively correlated, see Fig-
ure 1. A fixed effect panel regression for 33 OECD countries shows that an
increase in unionization by 10%ig points increases FDI per 1000 employees
by 40 million US$.

How can we explain this finding given the argument above that called
for a no-effect of unionization on de-location? The crucial point is that this
argument is based on world without any frictions. For instance, we have
implicitly assumed that the firm’s productivity (and hence the size of the
quasi-rents) is common knowledge both to the union and the firm. As pointed
out by e.g. Ruiz-Verdú (2007), however, this assumption is not assailable, in
particular if the effects of unionization is analyzed.1 Taking up this point and
assuming that the firm has superior information regarding its productivity,
the line of arguments regarding the effect of unionization on the de-location
of firms changes.

In a world with information asymmetries, the union has to take the
self-selection constraint of the firm into account when constructing a wage-
employment contract. This leads to a concession of information rent pay-
ments from the union to the firm in order to ensure self-selection. Since
this information rent is a function of the different productivity types that

1Ruiz-Verdú (2007) presents a game-theoretic argument that (endogenous) unionization
will be more likely under asymmetric information. Thus, analyzing union behavior under
asymmetric information adds an important aspect to the general picture of effect of unions.
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Figure 1: The Correlation between FDI per employee and Unionization
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can be included in the contract, the union faces a trade-off when excluding
firms from contracting. Exclusion results in savings on rent payments on the
one hand, but also in a loss of quasi-rents that could have been captured by
wage hikes on the other. If the former effect outweighs the latter, the union
excludes firms and forces them to produce abroad which under information
symmetry or competitive labor markets would have produced at home.

We develop this argument within a stylized economy. Consider a mo-
nopolist who is endowed with some production process and serves a world
market, employing labor as the only factor of production. The monopolist
can either produce at home facing a union, or de-locate production technol-
ogy and produce abroad. The opportunity costs of labor are lower abroad
than at home. As such, every firm, independent of its productivity, would
prefer producing abroad over producing at home. De-location, however, re-
quires fixed costs which are independent of the firms’ productivity. If labor
markets are perfectly competitive, only firms which are equipped with a pro-
duction process whose productivity is larger than some threshold produce
abroad due to fixed cost degression.
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Introducing unionized labor markets in this setting implies that the union
could capture part of the quasi-rent which is made up of the operating profit
difference plus the fixed costs. The quasi-rent is positive for a firm that is
characterized by a low productivity production process and decreasing with
for higher productivities.2 The union constructs wage-employment contracts
in advance of meeting a firm with a specific productivity. If the union could
observe this productivity, it could capture the entire quasi-rent such that the
marginal firm and hence its de-location decision is unaffected by unionization.

With asymmetric information, however, the firm has to construct a wage-
employment contract that can only be conditioned on self reported produc-
tivity of the firm. This optimal self reporting of the firm is driven by two
countervailing incentives. The firm would like to understate its true produc-
tivity to get a more favorable contract. Low productivity, however, indicates
high quasi-rents. The resulting wage hike provokes an incentive to overstate
its productivity.

Without knowing the productivity of the firm, the union proposes wage-
employment contracts such that the firm reports its true productivity and
participates in the contract. We solve the union’s problem (applying dynamic
optimization techniques) and show that under a fairly mild condition on the
distribution function of firm productivity, the overstating incentive domi-
nates. The union offers contracts that imply larger employment than would
be realized under information symmetry. The intuition for this overemploy-
ment result is that the requirement to employ a large workforce decreases
the incentive to overstate productivity. Low-productivity firms would find it
hard to support a large labor force. Hence, the information rent that induces
truthtelling can be reduced.

As already argued before, the union will not include every firm into the
contract. This is also true for symmetric information.3 But with asymmetric
information, the value of a firm is smaller due to inefficient employment and
there is a gain of excluding high-productive firms because this narrows the
possibility of overstating productivity and hence saves on information rents.
As a result, more firms are expected to de-locate (respective being forced to
de-locate) their production process abroad. As a corollary from this result,
we find first that unionization decreases expected productivity and second
that the effect on (expected) employment remains ambiguous. Less firms are
expected to produce at home which, however, employ a larger work-force.

2This is because the (value) of the operating profit difference becomes larger and hence
the fixed de-location costs less relevant.

3Also in the case of competitive labor markets some firms will choose to de-locate
production as argued above.
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1.2 Related literature

Our paper is concerned with the effect of unionization on the firm’s choice
of its location of production. Hence, we focus on a peculiar variety of FDI
in an economy without trade (there exists only one world market which can
be accessed without costs) in which home and foreign workers are perfect
substitutes. The usual notion of FDI in the literature is more complex,
see e.g. Helpman (2014) and the literature cited therein. Firms either de-
locate production facilities in order to save on trade costs when accessing
a foreign market (horizontal FDI) or they de-locate (parts of) their supply
chain in order to profit from lower production costs abroad (vertical FDI).
Consequently, papers which study the effect of unionization on FDI usually
integrate union wage setting/bargaining into these type of FDI models.

Eckel and Egger (2009) is a study in this spirit. They analyze the ef-
fects of unionization in a situation in which the domestic firm can serve the
foreign market either trough trade or through a foreign subsidiary. Unioniza-
tion affects the trade-off between the trade and the the de-location decision,
favoring the latter. FDI then not only saves on trade costs (when serving
the foreign market) but also imposes a threat to cross-haul (i.e. serving the
home market from abroad). This lowers the bargained wage and increases
the attractiveness of FDI. Additionally, they show that the wage dampening
effect of FDI increases employment at home.

The effect of unionization on vertical FDI is analyzed by Koskela and
Stenbacka (2009). In their model, output is produce using home and foreign
labor and is sold in the home market. Home and foreign employment are
(imperfect) substitutes, but only home labor is represented by union bar-
gaining the wage. The ability of the firm to substitute home by foreign
labor makes home labor demand more elastic. As a result, bargained wages
decrease (which is a standard result in the literature on unionized labor mar-
kets). However, FDI generates a hold-up (because the firm decides ex-ante
on the amount of foreign labor) which has a wage increasing effect. If the
wage dampening effect dominates (which is the case for high union bargain-
ing power), FDI implies moderate wages, home employment increases and
unionization hence lead to more FDI.4

Our approach in modeling FDI is deliberately simpler than the one pur-
sued in the literature. We do not consider trade, have no hold-up effects,

4A somehow related albeit earlier study is Zhao (1995). This paper assumes home
and foreign labor to be perfect substitutes, but that both home and foreign labor are
represented by a (national) union. The hold-up effect of Koskela and Stenbacka (2009)
is not present. Consequently, the wage dampening effect dominates and employment
increases.
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no strategic effects on the product market and no imperfect substitutability
between home and foreign labor. The reason is that we want to focus as
clearly as possible on a mechanism of unionization on FDI (and vice versa)
that is important, but has not received very much attention in the literature:
information asymmetries between unions and firms, where firms are assumed
to have superior information concerning their productivities.5

The combination of unionization, FDI and information frictions adds an
important twist to the aforementioned analyses. As argued above, the firm’s
incentive structure is then characterized by countervailing incentives as e.g.
analyzed by Lewis and Sappington (1989) or Maggi and Rodriguez-Clare
(1995). Thus, the union’s effect on firm-level employment, on (expected)
employment as well as on FDI when information are asymmetrically dis-
tributed between the firm and the union remains to be analyzed. This is the
point of departure of our paper.

The remainder of our paper is structured as follows. Section 2 presents
the model and ensuing properties of union’s and firm’ decisions. Section
3.2 solves for the benchmark contract under information symmetry (which
is trivial but nevertheless informative). Finally, section 3.3, the heart of our
analysis, presents the equilibrium contract under asymmetric information
and discusses equilibrium properties. Moreover, we put forward a numerical
calibration to gain some insight into the potential quantitative effects of
unionization on de-location/FDI and (expected) employment. Eventually,
section 4 concludes and shows some avenues for further research.

2 The Model

2.1 The Firm

We consider a monopolistic firm that sells output x facing the (world market)
inverse demand function

p = x−α, (1)

where p denotes the price and α the value of the reciprocal price elasticity of
demand with 0 < α < 1. Output is produced using labor input l only. The
production function is given by

x = θl, (2)

where θ denotes the (exogenously) given productivity of labor input. We
assume that nature endows the firm with this level of technology, but that

5Information asymmetries between unions and firms have been analyzed before (see
e.g. Oswald (1986)), however, in a closed economy setting and with a different focus.
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the firm can decide whether to employ this technology at home or move the
technology abroad (and hence de-locate production). Moving the technology,
however, comes at a fixed cost of K > 0.6

The profit of the firm that produces at home π is given by

π = (θl)1−α − wl, (3)

where w denotes the wage level at home, whereas the profit of moving the
technology πF is given by

πF = (θlF )1−α − wF lF −K, (4)

where the superscript F indicates foreign variables.

2.2 Workers/The Union

At home, a mass of l̄ workers infinitely elastic supply labor at the reservation
wage b (i.e. the opportunity costs of working). Labor supply is hence given
by

w = b. (5)

Likewise abroad, a mass of l̄F workers infinitely elastic supply labor at the
reservation wage bF which results in foreign labor supply

wF = bF . (6)

We assume that the foreign reservation wage falls short of that at home, i.e.
b > bF , because e.g. the system of social protection or the unemployment
insurance is less generous in the foreign country than at home.7

Workers at home are allowed to form a union. The union then gains the
right to set wage-employment contracts on behalf of their members l̄. The
union is utilitarian such that the union utility is given by

UUnion = lw + (l̄ − l)b = l(w − b) + l̄b. (7)

For notational convenience we focus in the following exclusively on the rent
maximization part of the union’s utility

V Union := UUnion − l̄b. (8)

6Thus, we assume that moving a low-productivity (i.e. low-technology) production
process is as costly/complicated as moving a high-productivity (i.e. high-technology) one.
In reality, it seems more likely that moving costs depend on the technological. How-
ever, ex-ante the sign of the dependence seems to be unclear. Therefore, we stick to the
independence assumption.

7It is clear that without this labor cost advantage there will be no de-location.
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Foreign workers are not allowed/able to form a union. We hence abstract
from competition between international unions, because we want to exclu-
sively focus on the ’pure’ effects of unionization in the home country.

3 Equilibrium

3.1 Competitive labor markets – Benchmark

In the benchmark case of perfectly competitive labor markets, firms first
decide where to start production and then decide how much to produce.
Turning first to the labor demand decision. Profit maximization leads to

(1− α)(θl)−αθ = w (9)

(1− α)(θlF )−αθ = wF (10)

for home and abroad, respectively. Combining this with the labor supply
situation at home and abroad determines equilibrium employment l̂ and l̂F .
Under the assumption b > bF , we find that l̂ < l̂F , i.e. a firm with a given
production process employ more labor abroad than at home. Note that we
only consider situations such that the resource constraint of the economy
never becomes binding (there will be always unemployment), i.e. l̂ < l̄ and
l̂F < l̄F .

Equilibrium profits at home and abroad are then given by, respectively

π̂ = α(θl̂)1−α (11)

π̂F = α(θl̂F )1−α −K. (12)

The firm chooses to de-locate production if

α(θl̂)1−α < α(θl̂F )1−α −K. (13)

Proposition 1 There exists some threshold productivity θ̂ for which a firm
is indifferent between producing at home and de-locating production. A firm
characterized by a productivity θ > (≤)θ̂ de-locates its production technology
abroad (produces at home).

Proof 1 The operating profit difference δ := α
(
(θl̂F )1−α − (θl̂)1−α

)
is in-

creasing in θ because

dδ

dθ
= (1− α)(θ)−α

(
(l̂F )1−α − (l̂)1−α

)
> 0 (14)

where we used the fact that the labor demand elasticity is independent of the
location of production.
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Firms with low productivities produce less output such that the average costs
of de-location are high. With increasing productivity we have a degression
of fixed de-location costs due to increased production. Thus, for high pro-
ductivity firms, fixed costs become more and more irrelevant when deciding
on de-location which makes it the more attractive to produce abroad.

In the following, we focus on a situation in which π̂(θ = 1) > π̂F (θ = 1)
which implies that θ̂ > 1. This ensures that when the nature equips a firm
with productivity levels θ ∈ [1, θ̄], the probability of de-locating production
is not one.8

3.2 Unionization – Information symmetry

Consider now a situation in which workers form a union (before nature en-
dows the firm with productivity θ). The union is then capable of offering
wage-employment contracts for different types of firms. After the firm is
endowed with its productivity, it will become common knowledge. Hence, it
is known to both the union and the firm. Thus, the union can ex-ante con-
dition the contract on the true productivity. We assume that nature draws
firm’s productivity θ from the density function g(θ) whose support is given
by θ ∈ [1, θ̄].

The objective of the union is hence

E(V Union) =

∫ θ̄

1

g(θ)l(w − b)dθ. (15)

The union chooses l and w subject to the participation constraint of the firm
which is given by π ≥ π̂F .9 By the definition of the profit π we can rewrite
union’s utility in terms of employment l and profit π

E(V Union) =

∫ θ̄

1

g(θ)((θl)1−α − π − lb)dθ, (16)

which implies that the union can likewise choose employment and allows the
level of profit for the firm. The Lagrangean for this problem is

L =

∫ θ̄

1

g(θ)((θl)1−α − π − lb)dθ + µ(π − π̂F ), (17)

8Without having this assumption, the solution to the problem is trivial because then
every firm independent of its productivity level would choose to produce abroad.

9Due to the monopsonistic behavior of the union, the firm is only offered its outside
option to ensure participation.
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which results in first-order conditions given by

g(θ)((1− α)(θl)−αθ − b) = 0, (18)

−g(θ) + µ = 0, (19)

µ(π − π̂F ) = 0. (20)

From (18) we find that the union sets employment efficiently, i.e. equilib-
rium employment will be the same as under competitive labor markets lIS = l̂
(where the superscript IS denotes the equilibrium under information sym-
metry). Moreover, (19) and (20) reveal that the equilibrium profit is then
given by πIS = π̂F , i.e. equal to the foreign profit. The equilibrium wage is
then directly determined by πIS and lIS and is given by

wIS =
(θl̂)1−α − π̂F

l̂
= b+

π̂ − π̂F

l̂
. (21)

Note, however, that this implies a ’subsidies’ from the union to firms whose
productivity would exceed θ̂ in the form of wIS < b. In these states of the
world, workers would be better off to take up their outside option. Thus,
besides choosing the path of l and π (or w for that case) over θ, the union
also chooses with which firm to strike an agreement and which to exclude
(i.e. offering the null-contract). Those firms would then have to de-locate
and produce abroad.

The marginal gain of including a firm with some productivity θ is

g(θ)((θlIS)1−α − πIS − lISb), (22)

which reflects the production value net of the outside options (=opportunity
costs) of both the union and the firm. With efficient employment, this gain
is given by the difference between π̂(θ) and π̂F (θ). Using the assumption
concerning this difference for θ = 1 (see before) and proposition 1, we arrive
at the following proposition:

Proposition 2 There exists some (unique) threshold productivity θIS, for
which the marginal gain of including a firm is zero. Lower (Higher) produc-
tivity firms provide a positive (negative) marginal gain and hence are included
in (excluded from) the contract. Moreover, this de-location threshold is the
same as as under competitive labor markets, i.e. θIS = θ̂.

Proof 2 For the first part note that the marginal gain can be rewritten to
yield g(θ)(K− δ(θ)). By assumption this is positive for θ = 1 and decreasing
in θ. For the second part note that the condition for θIS is g(θIS)(K −
δ(θIS)) = 0 which is also true for θ̂.
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Summarizing we find that under information symmetry, unionization (in the
form of offering wage-employment contracts to firms) has no allocative effect
in the sense that employment and de-location remains efficient. Unionization
solely increases the wage and shifts profits from the firm to workers, i.e. only
has distributional effects. In this setting, unionization does not affect the
fraction of firms that de-locate production.

3.3 Unionization – Information asymmetry

3.3.1 The union’s problem

Let us now refrain from the assumption that the union can perfectly observe
the firm’s productivity after the contract has been set-up. Consider instead
a situation in which this information is private to the firm. When construct-
ing the wage-employment contract, the union anticipates the information
friction and hence only constructs (deterministic) contracts which result in
self-selection of the firm. The set of viable contracts is then smaller than
before, because the union not only has to take participation into account,
but also incentive compatibility. As derived in appendix A.1, the incentive
compatibility constraint requires a specific form of the profit and of the em-
ployment path. Denoting the rent for the firm which is the difference between
the profit of the firms and its outside option, i.e. the foreign profit of the
firm, by ∆, we have

d∆

dθ
:=

π

dθ
− πF

dθ
= (1− α)(θl)−αl − (1− α)(θl̂F )−αlF (23)

dl

dθ
≥ 0. (24)

As already foreshadowed in the appendix, the model at hands is characterized
by countervailing incentives (on the side of the firm). It is not clear whether
a firm which is endowed with a certain productivity has an incentive to
over- or understate its true productivity when being asked by the union.
Consequently, when designing the optimal contract, the union does not know
which firm to pay a rent (if any) to prevent it from not telling the truth.

The objective of the union is very similar to that under information sym-
metry. However, besides allowing for the participation constraint ∆ ≥ 0,
the union also needs to take the incentive compatibility constraint (23) into
account. This restricts the path of ∆ and for that case the path of π. Thus,
when constructing a contract for some type of firm with productivity θ, the
union has to take the effect on the self-selection for all other firms into ac-
count as well.
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Moreover, as was already foreshadowed by the information symmetry
case, the union excludes firms from trade. The problem here, however, is
that as long as we do not know the path of the information rent ∆ in equi-
librium, we do not know the gain of including a firm into the contract. To
circumvent these problems, we apply a two-step procedure. First, we solve
for the equilibrium employment and information rent path as if all firms were
included into the contract. Second, we derive which firms will be excluded
from the contract. This approach is legitimate because exclusion is decided
conditional on the optimality of employment and the information rent.

Finding these equilibrium paths requires the union to solve

E(V Union) =

∫ θ̄

1

g(θ)((θl)1−α −∆− πF − lb)dθ (25)

subject to d∆
dθ

and ∆ ≥ 0. Note that we used the definition of π (as before) and
that of ∆ to rewrite the objective of the union. We solve for the equilibrium
a.) ignoring for the moment the constraint on form of the control path l(θ)
(the monotonicity constraint, see appendix A.1), verifying it ex-post and b.)
employing dynamic optimization techniques identifying ∆ as the state and l
as the control variable.

3.3.2 Solution (I): Contract

The Hamilton-Lagrange function for the full problem (i.e. including all firms)
reads

H = g(θ)((θl)1−α −∆− lb− πF ) + λ
(
(1− α)(θl)−αl − (1− α)(θl̂F )−αθ

)
(26)

L = H + µ∆, (27)

where λ is the ’intertypal’ shadow value and µ is the shadow value of the
participation constraint (in the case it is binding). The first-order conditions
for this problem are given by

g(θ)((1− α)(θlIAS)−αθ − b) + λIAS(1− α)2(θlIAS)−α = 0 (28)

dλIAS

dθ
= g(θ)− µIAS (29)

µIAS∆IAS = 0 (30)

where the superscript IAS denotes the values of the endogenous variables
along the equilibrium path under information asymmetry. Moreover, the
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problem is characterized by the transversality conditions that λ(1) = λ(θ̄) =
0 (which is implied by the fact that the union is free to choose the rent at
the ’corners’ of the productivity support).10

We propose the following equilibrium (see appendix A.2 for details of the
derivation). Let us define θ̌ as the solution to

g(θ̌)θ̌
b− bF

(1− α)bF
= G(θ̌). (31)

Suppose that θ̌ /∈ [1, θ̄], the participation constraint is not binding and the
equilibrium is then given by

lIAS =

(
g(θ)(1− α)θ1−α +G(θ)(1− α)2θ−α

g(θ)b

) 1
α

∆IAS = ∆IAS(1) +

∫ θ

1

(1− α)(θ̃lIAS)−αlIASdθ̃ − (π̂F (θ)− π̂F (1))

wIAS =
(θlIAS)1−α −∆IAS − π̂F

lIAS

µIAS = 0 λIAS = G(θ).

Up to now we have ignored the monotonicity constraint dl
dθ

≥ 0 such that
truthtelling leads to firm’s profit maximum. To ensure that this constraint
is fulfilled, we focus in the following on productivity distributions such that
the ’realization elasticity’ of the probability function η(θ) := g(θ) θ

G(θ)
is de-

creasing in θ.11

Proposition 3 The informational friction results in a deviation of employ-
ment from its efficient level. The economy is characterized by overemploy-
ment. This is, however, not true for the least productive firm. Employment
there is efficient.

Proof 3 We can rewrite the expression for the equilibrium employment path
and get

lIAS =
(
l̂α +G(θ)(1− α)2θ−αg(θ)b

) 1
α

(32)

which implies that lIAS > l̂ for θ > 1 and with G(1) = 0 that lIAS = l̂.

10Note that for any interior interval, these transversality conditions would be given by
the continuity of the state variable ∆.

11This restriction is in the same spirit as the monotone hazard assumption (i.e. that
G(θ)
g(θ) is strictly de-/increasing depending on the type of model) that is usually put forward

in standard textbook models of adverse selection.
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The intuition for the overemployment result is that the requirement to
employ a large workforce decreases the incentive to overstate productivity.
Hence, the union can reduce information rent payments by setting a con-
tract with overemployment. For the least productive firm, the incentive to
overstate productivity is strongest. Thus, having this firm to tell the truth
is most valuable which results into the highest information rent, but at the
same time (to make up for this high payment) to efficient employment (i.e.
the maximum size of the pie).

An important property of the equilibrium (which will become important
when determining the threshold productivity for exclusion) is the fact that
the wage wIAS falls short of wIS except again for the lowest productivity
firm. Rewriting gives

wIAS = b+
(θlIAS)1−α − blIAS −∆IAS − π̂F

lIAS
(33)

which is smaller than wIS due to two reasons. First of all (which is the obvi-
ous effect), the union has to pay an information rent, thus the firm accrues
a larger part of the production value, leaving less to the union. Second,
employment is inefficient, thus the size of the pie is smaller than under in-
formation symmetry. Bluntly speaking, the consequence of the information
friction is that the union can only capture a smaller piece of a smaller pie by
its wage demands.

So far we have discussed the equilibrium in which the participation con-
straint is not binding. In the situation in which a binding interval exists
(i.e. a situation in which the contract offered by the union makes some firms
indifferent between accepting the contract and de-locating production), the
equilibrium over this interval (θ̌, θ̄] is characterized by12

lIAS = l̂F

∆IAS = 0

wIAS = bF +
K

l̂F

λIAS = g(θ)θ
b− bF

(1− α)bF
µIAS = g(θ)− d(g(θ)θ)

dθ

b− bF

(1− α)bF
.

Note that also over the binding interval, the contract wage wIAS is smaller
than wIS (see, appendix A.3). The intuition is basically the same as that in
the non-binding case except for that there is no information rent to be paid.
Nevertheless, employment remains inefficient resulting in a smaller pie.

12The equilibrium over the non-binding interval is obviously identical to the one that
has been discussed above.
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3.3.3 Solution (II): Exclusion

Having characterized the equilibrium contract conditional on the fact that
all firms will be offered a contract, we can now turn to the exclusion decision
of the union. The union offers only (non-null) contracts to those firms whose
marginal gain of inclusion is positive. The marginal gain of including a firm
(which has not been included in the contract previously) is given by (see, e.g.
Seierstad and Sydsaeter (1987))

g(θ)(l(θ)IAS(w(θ)IAS − b)) + λ(θ)IAS d∆(θ)IAS

dθ
. (34)

The marginal gain is made up of two things. First, the direct gain is the pro-
duction value minus the payment to the specific firm such that it participates
and tells the truth (which is wIAS) exceeds the opportunity costs of working.
Second, there is an indirect effect because including a firm of some specific
productivity θ also (by the incentive compatibility constraint) increases the
payment that has to be made for all other firms under the contract. This
argument leads to the following proposition:

Proposition 4 The per-employee marginal value of including a firm is larger
under symmetric information than under asymmetric information. Hence,
the per-employee marginal value of including a firm is decreasing with θ.

Proof 4 Concerning the first part of the proposition, note that wIS is larger
than wIAS. Moreover, the effect on the incentive compatibility constraint is
negative, because λIAS d∆IAS

dθ
≤ 0. For the second part of the proposition,

note that K−δ(θ)

l̂(θ)
, which is the per-employee marginal gain of a firm under

information symmetry, is decreasing.

The intuition for this proposition is that with asymmetric information, the
union has to compensate the firm not only for giving up the opportunity
of producing abroad but also for telling the truth. In addition, due to the
dominating overstating incentive, including more productive firms into the
contract makes the self-selection constraint more severe.

Proposition 4 is important because it sheds light on the effect of unioniza-
tion on the de-location choice of firms which are summarized in the following
corollary:

Corollary 1 First, if g(1)(lIAS(1)(wIAS(θ)− b)) < 0, the union excludes all
firms from the contract. Then, the product is exclusively produced abroad.
Second, for parameter vectors for which there is production at home, the pro-
ductivity of the marginal firm that is just included θIAS (which is determined

by g(θIAS)(lIAS(θIAS)(wIAS(θIAS)− b)) + λIAS d∆IAS

dθ
= 0) is smaller than θ̂.
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In the situation in which de-location is only driven at the extensive margin
(e.g. because domestic and foreign labor are perfect substitutes), unioniza-
tion only affects the de-location threshold as long as we have asymmetric
information. With symmetric information, the union would want to include
any firm into the contract with positive quasi-rents (that can be captured).
But these are positive for all firms that would choose to produce at home
under competitive labor markets. Hence, the union has not effect along
the extensive margin. Under information asymmetry, however, parts of the
quasi-rents are protected from being captured by the union. Including firms
is then less valuable. As a result, the union offers null-contracts to a larger
fraction of firms, thus making de-loaction more likely.

3.3.4 A numerical example

What are the quantitative effects of the analysis provided so far? In other
words, how much of the FDI can we explain by unionization, i.e. how large
is the fraction of moving firms and what are the effects of employment at
home? To answer these questions, we calibrate our model using data and
information from the literature.

When it comes to the numerical solution of the model, we have to take
a stand concerning the form and parameters of the distribution function of
firms’ productivity. For robustness and to gain an insight how different as-
sumption on this distribution impact the equilibrium, we pursue two different
specifications. In the first one we employ insights from the structural esti-
mation of a model with firm heterogeneity as put forward in Balistreri et
al. (2011), who employ a Pareto distribution for their estimation of a Melitz
type trade model. Applying these insights to our context (with an upper
truncation point) we hence have

G(θ) = 1− 1− θ−c

1− (θ̄)−c
, (35)

where the shape parameter is assumed to be c = 4.5 in accordance with the
estimation of Balistreri et al. (2011). Given our equilibrium specification,
the upper bound θ̄ has no allocation effects (i.e. the equilibrium remains
unaffected). Since the choice of θ̄ only has quantitative effects, we are free
to choose a value and arbitrarily set it to 4.

The second specification is based on insights that the size of firms (in
terms of employment) in the US is Zipf distributed (i.e. Pareto distributed
with shape parameter 1), see Axtell (2001). Arguing that the US economy
is basically characterized by competitive labor markets, our model allows us
to infer the form of the productivity distribution based on the employment
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distribution (for which we have data). Using equation (9) and the assumption
that employment is Zipf distributed, we conclude that productivity is Pareto
distributed13 (as in (35)) with shape parameter c = 1−α

α
and θ̄ = 106

α
1−α .14

The parameter α (i.e. the value of the inverse of the price elasticity of
demand) measures the competitiveness of the industry under consideration
and determines the size of the mark-up (over unit costs that the firm sets).
This mark-up is given by (1−α)−1. There is some variation in the literature
concerning the size and the behavior of this mark-up (depending on data
and the underlying production technology, see e.g. Rotemberg and Woodford
(1999)). In the following, we assume a value of α = 0.26 which corresponds to
a mark-up of 35%. The reason for this choice is a.) that it is reasonably close
to what is assumed in the macroeconomic literature and b.) that (1− α) =
0.74 would depict labor’s share if we had combined a linear technology with
a convex production technology.

The cost of setting up a firm abroad K are specified following the quan-
titative analysis in Coşar et al. (2010) who find that the costs for setting
up a firm are in the order of 25 times the (annual, competitive) wage which
is the service sector wage in their case. Since we do not consider different
industries or occupations, we assume this outside wage to be given by bF ,
hence we have K = 25bF .

The final assumptions concern the values for the opportunity costs of
working at home and abroad, b and bF , respectively. To specify these values,
we apply the following normalization approach. Concerning bF , we focus
exclusively on a situation in which the lowest productivity firm just makes
zero profits when de-locating its production technology abroad. Using (12)
and the assumptions concerning K and α then specifies the according value
bF . In the theoretical model, we have assumed that all firms can earn positive
profits when moving abroad. The reason for this assumption was that we
did not want to interact the outside option of moving the technology with
the outside option of stopping producing altogether (which would be the
reasonable threat of a firm that has negative profit opportunities abroad).
Conditional on this assumption, the specified bF is then the upper bound of
foreign opportunity costs, i.e. allowing for a strong effect of unionization. The
opportunity costs of working at home b are just assumed to be a multiple of
bF where we consider some alternative values. The chosen parameter vector
for the two specifications is summarized in Table 1.

13See Casella and Berger (2002), Theorem 2.1.2 p. 51 for the argument that the distri-
bution of productivity mirrors that of the distribution of employment.

14The assumption concerning the truncation point of the Pareto distribution is based
on the observation that the in US data the distance between the smallest and largest firm
is of the order of 106. The assumption concerning θ̄ then generates this observed distance.
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Specification 1 Specification 2

c (Shape Parameter) 4.5 1−α
α

=2.8

θ̄ (Maximum productivity) 4 106
α

1−α=78.76
α (Value of the inverse price
elasticity)

0.26 0.26

bF (Opportunity costs of
working – abroad)

0.24 0.24

K 25 bF=6 25 bF=6
b (Opportunity costs of
working – home )

1.1 bF 1.1 bF

1.3 bF 1.3 bF

1.5 bF 1.5 bF

Table 1: Parameter values used in calibration

The results shown in Table 2 depict the effect of unionization and infor-
mation asymmetry on the fraction of firms producing at home and on aggre-
gate employment in the competitive case and with unionization (denoted by
L̂ and LIAS, respectively) for both specifications. As already shown above,
unionization decreases the fraction of firms that produce at home. The effects
ranges from around 3% (for a very low opportunity cost advantage abroad)
to as a high a value as 46% in the case in which unionization shuts down
the industry. These magnitudes in the same ballpark range between these
two specification. We, hence, can conclude the results are robust against
changes in the (form of) the productivity distribution function. The impor-
tant point here is that shutting down the industry will occur (at least in
our specifications) even for very modest differences between the opportunity
costs of working at home and abroad (in our case of only 50%). Moreover,
this forced de-location is inefficient because production at home would have
been occurred with competitive labor markets.

The second important point is that the aggregate employment effects of
unionization are relatively modest (except obviously for the case in which
the union completely shuts down the industry). For very small opportunity
cost advantages, it even turns out that the firm-level overemployment effect
even survives at the aggregate level resulting in too high employment. Thus,
when considering the impact of unionization, focusing on employment gives
a biased picture on the allocation effect because the effects on de-location
(and hence de-industrialization) has to be taken into account, too.
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Specification 1

b G(θ̂) L̂ G(θIAS) LIAS

1.1 bf 0.9 83.68 0.87 108.41
1.3 bf 0.65 34.44 0.34 33.81
1.5 bf 0.46 17.95 0 0

Specification 2

G(θ̂) L̂ G(θIAS) LIAS

1.1 bf 0.77 92.37 0.72 118.54
1.3 bf 0.48 35.18 0.2 32.51
1.5 bf 0.32 18.09 0 0

Table 2: Calibration results

4 Conclusion

In this paper, we analyze the effects of unionization on the de-location of
firms when information frictions are present. To model this friction, we
assume that firms have superior information regarding their productivities.
When constructing a wage-employment contract, the union then has to en-
sure the self-selection of firms into ’their right’ contract, i.e. firms truthfully
signal their productivity to the union. In doing so, the union must pay an
information rent to the firm if it decides to include this type of firm into
the contract. However, due to the open economy framework in which firms
have the outside option to shift their production facilities abroad, there are
countervailing incentives for the firms when deciding about their productivity
announcement. On the one hand, firms would like to understate their true
productivity to get a more favorable contract. On the other hand, firms have
an incentive to overstate their true productivity since this signals a higher
outside option.

In the equilibrium, we can show that a.) the overstating incentive dom-
inates. Hence, low-productivity firms receive the highest information rent
payment from the union. b.) We also find that employment is inefficient
large with the exception of the firm with the lowest productivity (no dis-
tortion at the bottom). Intuitively, the union can save information rent
payments since the requirement to employ a large workforce decreases the
incentive to overstate productivity. c.) As our main finding, we show that the
union excludes firms from the contract and forces them to de-locate produc-
tion which would produce at home under information symmetry or perfect
competitive labor markets. Hence, unionization leads to a higher share of
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FDI measured by de-location. The reason for this is that excluding firms
narrows the possibility of overstating productivities for the remaining firms;
the union can thereby save information rent payments.

In future research, two extension of the model presented here are im-
portant to show how robust the aforementioned results are. First, the open
economy setting with information frictions between firms and unions should
be incorporated in a general equilibrium approach, e.g. in the spirit of Melitz
(2003). Second, it should also be looked at the case where unions have to
compete for firms – similar to the tax competition literature.

A Appendix

A.1 Incentive compatibility

Consider the problem of the firm reporting its productivity to the union.
True productivity is θ and announced productivity is θ′. The union has (at
the first stage) designed a contract that is conditioned on the productivity
announcement of the firm. When choosing θ′, the objective of the firm is to
maximize the rent (i.e. the difference between the profit under the contract
and the foreign profit). This is given by

∆(θ, θ′) := π(θ, θ′)− π̂F (θ) = (θl(θ′))1−α − w(θ′)l(θ′)− π̂F (θ). (36)

In order to understand the incentives of the firm, consider for the moment a
naive union that offers a contract as if it could observe the productivity (see
section 3.2). The rent can be written as

∆(θ, θ′) := π(θ, θ′)−π̂F (θ) = (θl̂(θ′))1−α−(θ′l̂(θ′))1−α+π̂F (θ′)−π̂F (θ). (37)

If the firm tells the truth (under the naive contract) the rent obviously will be
zero. It is, however, not clear whether the firm would then have an incentive
to overstate (θ′ > θ) or understate (θ′ < θ) its productivity. This is a variant
of the classic Lewis and Sappington (1989) case. In our example, the coun-
tervailing incentives are driven by the fact that overstating its productivity,
the firm is faced by a more favorable contract because of the better outside
option. If the profit when de-locating production was not a function of the
firms productivity (i.e. if π̂F (θ′) − π̂F (θ) = π̂F ), then the firm obviously
would have a (generic) incentive to understate its productivity because the
union offered for this case a more attractive contract.

Turning now to the restriction the union contract have to obey to en-
sure truthtelling by the firm. The optimal productivity announcement is
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implicitly given by the first-order condition

(1− α)(θl(θ′))−αθ
dl(θ′)

dθ′
− w(θ′)

dl(θ′)

dθ′
− dw(θ′)

dθ′
l(θ′) = 0 (38)

which gives θ′ as a function of θ where this relation θ′(θ) is shaped by the
form of the contract. Let us consider contracts only such that telling the
truth is optimal (i.e. self selection occurs). Thus, we only consider contracts
such that θ′(θ) = θ. (38) restricts the form of the wage-employment contract.
Differentiating this with respect to θ (under truthtelling) we find that

soc+ (1− α)2(θl(θ′))−αdl(θ
′)

dθ′
= 0 (39)

where soc denotes the second order condition for the problem. With the
optimal θ′ resulting in a maximum, it must be true that the optimal contract
is such that dl(θ′)

dθ′
≥ 0 which is the monotonicity constraint.

Moreover, in a truthtelling equilibrium the change in the rent over the
different productivities is restricted to be

d∆

dθ
= (1− α)(θl)−αl − (1− α)(θl̂F )−αlF . (40)

∆ paths that obey this ’slope’ restriction imply that firms truthfully reveal
their type and hence self-select into ’their’ contracts. This is the second re-
striction that the union has to take into account when designing the contract.

A.2 Equilibrium derivation under information asym-
metry

Finding the equilibrium under countervailing incentives is a bit tricky, be-
cause without knowing the equilibrium path of the information rent (which
is in standard problems unambiguously determined by the incentive com-
patibility constraint) it is ad-hoc unclear where (and if) the participation
constraint is binding.15 In finding the equilibrium, we rely on an approach
suggested by Maggi and Rodriguez-Clare (1995). The idea here is very sim-
ple. First, assume that the participation constraint was binding over the
complete support of θ. In our case, this implies that

∆ = 0 ⇒ d∆

dθ
= 0 ⇒ lIAS = l̂F . (41)

15In standard problems, this constraint is only binding at one corner of the support of
θ.
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Over any binding interval, equilibrium contract employment will be identi-
cal to (equilibrium) employment when de-locating the firm. Using this the
resulting ’intertypal’ shadow value (over a binding interval is given by)

λ̄IAS(θ) = −g(θ)
bF − b

(1− α)θ−1bF
= g(θ)θ

b− bF

(1− α)bF
> 0 (42)

where we used the fact that over the binding interval it is true that (1 −
α)(θl̂F )−αθ = bF (by the optimality condition under de-location). Note that
in general along an optimal employment path it must be true that (rewriting
(28))

lIAS =

(
g(θ)(1− α)θ1−α + λIAS(1− α)2θ−α

g(θ)b

) 1
α

(43)

which implies that equilibrium employment is increasing in λIAS. Thus, for
all paths λIAS > (<)λ̄IAS it is true that employment must be larger (smaller)
than l̂F . Because over an interval over which the participation constraint is
binding it must be true that d∆

dθ
= 0 and that d2∆

dθdl
> 0, we find that those λ

paths imply d∆
dθ

> (<)0.
Consider the case in which the participation constraint was not binding

and d∆
dθ

< 0 throughout the support of θ. Using the transversality conditions,
this implies that λ(1) = 0 such that by (29) the path for λIAS is given by

λIAS
1 (θ) = G(θ) ≥ 0 (44)

where G(θ) denotes the distribution function associated with the density
g(θ). To get some more structure, let us impose the following assumption:

Assumption 1 Over the support of θ we focus on situations in which dλ̄IAS

dθ
:=

d(g(θ)θ)
dθ

b−bF

(1−α)bF
≤ (≥)g(θ) :=

dλIAS
1

dθ
.

Using this assumption we can prove that

Lemma 1 The intercept between λ̄IAS(θ) and λIAS
1 (θ) exists and is unique

or does not exist over the support of θ. A necessary condition for θ̌ ∈ [1, θ̄] is

that d(g(θ)θ)
dθ

b−bF

(1−α)bF
≤ g(θ). Moreover, with θ̌ ∈ [1, θ̄], we have that λ̄IAS(θ) >

(<)λIAS
1 (θ) if θ < (>)θ̌.

Proof 5 At θ = 1, we have λ̄IAS(1) > λIAS
1 (1) = 0. Combining this with

assumption 1 proves the lemma.
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This implies that under assumption 1 either no binding interval (i.e. µ = 0)
or a binding interval over the upper part of the support of θ exists. The
assumption ensures that µ is non-negative. By (29), we have that µ =

g(θ)− dλ̄IAS

dθ
.

The equilibrium path of λ (which then determines the equilibrium paths
of l and ∆) is given by

λIAS(θ) = λIAS
1 (θ) = G(θ) θ̌ /∈ [1, θ̄] (45)

λIAS(θ) =

{
G(θ) θ ∈ [1, θ̌]

g(θ)θ b−bF

(1−α)bF
θ ∈ (θ̌, θ̄].

(46)

A.3 wIAS over the binding interval and wIS

Using the expression for the wage over the binding interval, we can write

wIAS =
bF l̂F +K

l̂F
(47)

⇔ wIAS =
bF l̂F +K − (θl̂F )α

l̂F
+

(θl̂F )α

l̂F
(48)

⇔ wIAS =
π̂ − π̂F

l̂F
+

(θl̂F )α

l̂F
− π̂

l̂F
(49)

⇔ wIAS =
π̂ − π̂F

l̂F
+

(θl̂F )α

l̂F
− π̂

l̂F
+ wIS − π̂ − π̂F

l̂
− b (50)

⇔ wIAS = wIS +
π̂ − π̂F

l̂F
− π̂ − π̂F

l̂
+

(θl̂F )α − bl̂F − π̂

l̂F
(51)

which implies that because l < lF and the profit π̂ is a maximum, that
wIAS < wIS over the binding interval.
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Ruiz-Verdú, Pablo, “The economics of union organization: Efficiency, in-
formation and profitability,” Labour Economics, 2007, 14 (5), 848–868.

24



Seierstad, Atle and Knut Sydsaeter, Optimal control theory with eco-
nomic applications, Vol. 20, North-Holland Amsterdam, 1987.

Zhao, Laixun, “Cross-hauling direct foreign investment and unionized
oligopoly,” European Economic Review, 1995, 39 (6), 1237–1253.

25


