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The organization of knowledge in multinational firms
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Abstract

Employees must learn about firm technologies to use them in production. Within multina-
tional firms, knowledge can be acquired centrally, by managers at headquarters, or locally, by
production workers. Local knowledge acquisition increases with the bilateral communication
costs with central management, and decreases with local knowledge acquisition costs. This
mechanism explains why multinationals foreign sales and their probability of entry decrease
in the distance of a country from the multinationals home country, and why multinationals
pay higher wages than comparable domestic firms. The selection into foreign destinations
and the foreign productivity distribution of German multinationals are consistent with the

models predictions.
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1 Introduction

Knowledge is commonly considered as one of the main determinants of growth and productivity.
The spatial diffusion of knowledge is limited, suggesting that a sizeable fraction of knowledge
is tacit in nature (see Keller, 2004, for a survey). Multinational firms manage production
processes that span different countries and involve employees from diverse economic and cultural
contexts. Spatial and intercultural frictions hamper communication and information flows within
multinational firms’ boundaries (Ambos and Ambos, 2009; De Long and Fahey, 2000; UNCTAD,
2004, ch. IV A. 2).! Organizing knowledge is thus a particular challenge for multinational firms,
and likely to be a driving force of their performance and investment patterns.

This paper analyzes the organization of knowledge within multinational firms and demon-
strates that it helps understand major stylized facts of multinational firms’ behavior. The orga-
nization of knowledge explains why the foreign sales of a multinational firm tend to decrease in
the distance of a foreign country to the home country of the multinational firm (e.g. Keller and
Yeaple, 2013), why the probability of multinational entry in a foreign country decrease in the
distance of the country to the multinational firm’s home country, and why multinational firms
pay higher wages than comparable domestic firms both in the home and the host country (e.g.
Aitken et al., 1996; Girma and Gorg, 2007; Heyman et al., 2007; Hijzen et al., 2013).

As in much of the previous literature (e.g. Irarrazabal et al., 2013; Markusen and Maskus,
2001), knowledge is a non-rival factor within the firm. The paper additionally assumes that
knowledge can only be fruitfully employed in production if it is learned by a worker. This as-
sumption captures the fact that technologies are typically only useful if someone knows how to
utilize them. Based on a stylized model of the organizational structure of a multinational firm,
the paper determines the optimal allocation of knowledge within the firm given internation-
ally heterogeneous market sizes, wages, labor productivities, knowledge acquisition costs and
communication costs between the employees at the production locations and the headquarters.

The paper shows that the optimal amount of knowledge allocated by the firm to foreign
employees in the host country increases with the communication costs between managers in the
multinational’s headquarters in the home country and the employees in the host country. Lower
foreign labor productivities, higher foreign wages, higher knowledge acquisition costs and larger
market size discourage the allotment of expertise. Correspondingly, the marginal costs of foreign
production increase in the communication costs between the home country and the host country.
At the same time, firms mitigate cost increases due to higher wages and knowledge acquisition
costs or lower labor productivities by reallocating knowledge.

Due to the impact of the communication costs between the home and the host country on
a firm’s marginal costs, a multinational firm’s sales and its probability of entry are predicted
to be geographically concentrated and decreasing in distance, i.e., the investment patterns of
MNEs are predicted to exhibit gravity. The concentration is higher in sectors with more complex
production processes, as found in Bahar (2013). As a multinational firm re-allocates knowledge
compared to a domestic firm, the model also explains why the remuneration of workers at
multinational firms is higher than the remuneration of workers at domestic firms both in the

home and the host country (e.g. Heyman et al., 2007). These multinational wage premiums

The business economics and management literature discusses and evaluates various strategies to address
the frictions in within-firm communication faced by internationally active firms (e.g. Foss and Pedersen, 2002;
Ghemawat, 2007; Hansen and Lgvas, 2004; Lagerstrom and Andersson, 2003).



vary with home and host country characteristics, as in Girma and Goérg (2007), because the
organization of knowledge in multinational firms is sensitive to these characteristics. The paper
thus contributes to the literature by providing a single mechanism that is apt to explain different
empirical phenomena that have been separately analyzed in the literature so far (Irarrazabal
et al., 2013; Keller and Yeaple, 2013, for analyses of gravity; e.g. Egger and Kreickemeier, 2013;
Malchow-Mgller et al., 2013, for analyses of MNE wage premiums).

To evaluate the model systematically, the empirical analysis derives and tests predictions
on within-firm differences in performance across different foreign countries and the selection of
firms into foreign investment. Consistent with the theoretical hypotheses, German multinational
firms tend to be relatively more productive in countries that are larger, that are characterized by
lower bilateral communication costs with Germany, higher labor productivities, lower knowledge
acquisition costs and lower wages. The findings are robust to the inclusion of additional deter-
minants of foreign performance as well as alternative ways of measuring the model parameters.
The cut-off productivity levels for entry are found to decrease in country size and increase in
bilateral communication costs.

The results of the paper have important implications for investment promotion purposes.
The paper recommends that investment promotion policies should not only focus on improving
the investment climate inside a country, but also on ameliorating bilateral communication fa-
cilities with targeted source countries of FDI, for example by improving language training and
communication infrastructures.

The paper builds on two distinct strands of the literature. In developing the model of the
optimal organizational structure, the paper uses ingredients from the literature of firms as com-
munication networks and knowledge hierarchies (e.g. Bolton and Dewatripont, 1994; Garicano,
2000; Radner, 1993). This literature studies how firms organize in response to differences in
knowledge acquisition costs and in the cost of communication between agents, how hierarchical
structures emerge, and how knowledge is efficiently allocated within a firm. Garicano (2000)’s
knowledge hierarchies framework has been applied to various settings, and its main predic-
tions have been confirmed empirically (e.g. Bloom et al., 2009; Garicano and Hubbard, 2009).
Caliendo and Rossi-Hansberg (2012) and Caliendo et al. (2012) demonstrate theoretically and
empirically that the model framework is useful to understand the labor market consequences of
international trade. To the best of our knowledge, this paper is the first to apply the knowledge
hierarchy framework to a context with several establishments.

Concerning the international investment aspects, the paper draws on the large literature on
multinational firms. Much of this literature has associated multinational activity predominantly
with its advantages for a firm, such as savings of trade costs with the host market (e.g. Markusen,
1984; Helpman et al., 2004), savings of trade costs with third markets (e.g. Ekholm et al., 2007;
Tintelnot, 2012), savings of factor input costs (e.g. Helpman, 1984; Antras, 2003; Antras and
Helpman, 2004), or a combination of these (e.g. Carr et al., 2001; Grossman et al., 2006; Yeaple,
2003). In line with recent evidence on U.S. multinational firms indicating that most foreign
affiliates are market-seeking, the theory section of this paper assumes a horizontal motive of
foreign activities (Ramondo et al., 2013).

Within the literature on multinational firms, the strand most relevant to this paper is con-
cerned with the role of headquarter inputs for local affiliate production. Keller and Yeaple

(2013) estimate the cost of transferring knowledge within multinational firms using data on U.S.



manufacturing FDI. In their model, firms face a trade-off between the costs associated with
disembodied and embodied knowledge transfer from their headquarters. Firms can either pro-
duce intermediaries locally but subject to efficiency losses due to communication frictions with
the headquarters, or import intermediaries from home subject to transport costs. The commu-
nication friction varies across sectors, but does not vary across space. This paper analyzes a
complementary margin of multinational firms’ behavior: it focuses on the choice between em-
ploying domestic expertise from the headquarters or hiring foreign expertise in the host market.
The mechanism explains the gravity of foreign direct investment in sales, as does the model
in Keller and Yeaple (2013), but is applicable across sectors and also generates multinational
wage premiums consistent with empirical evidence in the literature. Yeaple (2013) develops a
model featuring managerial expertise as a scarce input within a multinational firm to explain
empirical regularities in the expansion patterns of U.S. multinational multi-product firms. Sim-
ilarly, Irarrazabal et al. (2013) assume that headquarter inputs, such as managerial oversight or
marketing services, are required in the production process of affiliates and demonstrate that this
assumption helps to explain the gravity of FDI in sales and the probability of entry. Defever
(2012) assumes that smooth communication between foreign affiliates and the headquarters acts
as a productivity shifter in a Cobb—Douglas production function and finds that geographical
proximity to existing affiliates is a relevant consideration for the location decision of a multina-
tional firm, above and beyond other locational characteristics. Bahar (2013) demonstrates that
the probability of firms’ conducting horizontal FDI decreases in their knowledge intensity, and
that firms tend to prefer proximate destinations for the location of knowledge intensive FDI.
He argues that iceberg type knowledge transfer costs that increase in the knowledge intensity of
activities are appropriate for explaining this finding. All papers share their focus on the gravity
of FDI and their theoretical approach, extending the basic framework in Helpman et al. (2004)
with productivity-shifting mechanisms. This implies that the marginal costs of production are
constant, country-specific and independent across countries. This paper is distinct in modeling
the organizational structure of multinational firms. It contributes to the literature by providing a
coherent rationale for both the gravity and multinational wage premiums, and by demonstrating
how the performance of multinational firms may be interdependent across markets.

The following section develops the theoretical model. It is divided into three subsections. The
first subsection analyzes the cost-minimization problem at the firm level. The second subsection
investigates the internationalization decision of the firm in a partial equilibrium framework. The
last subsection outlines the general equilibrium implications. Section 3 discusses the empirical
strategy and Section 4 describes the data used in the empirical analysis. Section 5 presents
the empirical results. Section 6 examines how far the empirical results discriminate between
the mechanism proposed in this paper and alternative models that may generate the observed

empirical patterns. The last section concludes.

2 Theory

The model economy consists of two countries, the home country j = 0 and the foreign country
J = 1. The countries are populated by N; agents that are each endowed with one unit of time.
There is an unbounded mass of potential firms in each country. Each firm can produce a

differentiated product. Production requires labor and knowledge. To enter, firms have to pay a



fixed entry cost of f units of domestic labor which is thereafter sunk. Upon entry, each entrant ¢
draws a firm-specific knowledge level z; from a known distribution G(z) which is symmetric in
the two countries. Mathematically, knowledge is an interval that ranges from zero to a firm-
specific upper bound Z;. z; denotes the length of a firm’s knowledge interval [0, Z;] (i.e. its
Lebesgue measure). Empirically, the knowledge level z; corresponds to the state of a firm’s
technology.

The problem of each firm is to determine the set of countries it would like to serve and
the set of production locations given its knowledge level z;. In addition, firms choose the
cost-minimizing allocation of knowledge within the firm. The following section first analyzes
the cost-minimization problem for different sets of production locations, then determines the

optimal set of countries and production locations, and finally investigates the entry decision.

2.1 Cost minimization
2.1.1 Assumptions

To simplify the exposition, subsection 2.1 focuses on the cost-minimization problem of a single
firm located in the home country and characterized by the knowledge level zZ. The firm consists
of a headquarters in country j = 0 and production plants in country j = 0 and, potentially, in
j =1 as well. The headquarters are composed of a number n; of managers, and the production
plants are made up of a number n; of production workers.

Production is assumed to be a problem solving process that is based on labor and knowledge
(as in Garicano, 2000). The firm can employ labor for production in both countries j = 0
and j = 1. For each unit of labor employed in production, a mass 1 of problems is realized.
Transforming labor input into output requires that the problems be solved. A firm is able to solve
a problem if it is realized within the firm’s knowledge interval. The problems are distributed

according to a problem probability distribution function from the exponential family:
f(z) =re

where z € [0, 00) refers to the domain of possible problems and A > 0 denotes the problem arrival
rate. A higher value of A implies that the mass of the probability distribution is concentrated
close to zero. Intuitively, this means that the production process is more predictable as problems
in the tail of the probability distribution occur with lower probability.

Consistent with the previous literature (e.g. Irarrazabal et al., 2013), knowledge is assumed
to be non-rival within the firm and can thus be used at all locations. Unlike previous papers,
knowledge is only useful if it has been learnt by an employee. The underlying idea is that firm
knowledge by itself is insufficient for production. Knowledge is only useful if there is someone
who knows how to employ it.

Knowledge can either be acquired locally by production workers, or centrally by managers.
Employees can communicate with each other and leverage the potentially different knowledge
sets. Communication is costly. As is standard in the literature (e.g. Bolton and Dewatripont,
1994; Garicano, 2000; Bloom et al., 2009), communication costs are borne by the employee who
is asked a question: the employee has to spend time listening to the problems. Garicano (2000)
demonstrates that at optimum, only production workers spend their time in production and

managers use their time solely for communication. Both production workers and managers are



optimally characterized by knowledge levels that are uniform within each group and different
between the two groups. Uniform knowledge levels reduce communication time by diminishing
the time spent searching for a competent contact. Workers know that only managers may know
solutions to problems that they themselves cannot solve, and that it does not matter which
manager they approach. To minimize the probability that costly communication is necessary,
the knowledge level of production workers covers the solution to the more frequent problems,
whereas managers know the solution to problems that occur more rarely.

The production process works as follows. During each unit of time that they spend in
production, the production workers scrutinize which of the problems are covered by their know-
ledge interval. Problems covered by the knowledge interval are solved immediately and output
is produced. The production workers communicate all problems that are not covered by their
knowledge interval to the managers. The amount of time that managers spend listening to the
problems depends on whether the production workers are located in the same or another country.
The managers in country j spend 6y; € (0,1) units of time listening to problems delegated by
production workers in country k. It is generally assumed that 619 > 8gp and 611 = 6gg, 801 = 610
capture the fact that frictions in international communication may be more severe than frictions
in communication within a country. The managers solve all problems covered by their knowledge
interval. Any problems that are not covered by the knowledge intervals of either the workers or
the managers remain unsolved.

The output g; of one unit of labor input can be calculated as the value of the cumulative
distribution function times labor productivity. Labor productivity A; varies across countries
and measures the maximum amount of output that can be produced with one unit of labor
input and infinite knowledge.

gj = Aj(1—e )

nj workers are correspondingly able to produce q; = n;A;(1 — e~*?) units of output. A higher
value of Z implies that more infrequent problems can be solved, so the resulting product is more
sophisticated.

Knowledge acquisition is costly: employees have to hire teachers to teach them (as in Caliendo
and Rossi-Hansberg, 2012). Similar to the modelling of communication costs, teaching costs are
fully borne by the teachers. Teachers have to spend c¢;jz units of time to teach a knowledge inter-
val of length =. All agents receive wage w; per unit of time they spend working. Correspondingly,
teachers receive remuneration wj;cjz. The firm in turn has to remunerate its employees for the
time they spend in production and for their knowledge acquisition expenses.

The problem of the firm is to design the optimal knowledge acquisition process. As outlined
above, Garicano (2000) shows that only production workers spend their time in production
and that they optimally learn the solutions to problems that occur more frequently in the
production process. The knowledge interval of workers correspondingly starts at 0, where the
mass of the problem density is highest, and ranges to a country specific upper bound Z;, j = 0, 1.
zj denotes the length of the knowledge interval of production workers [0, Z;]. The managers learn
to solve infrequent problems. It is never optimal for the firm not to learn part of its knowledge

interval [0, Z].2 More knowledge enables the firm to produce more output with a given amount

2All managers are assumed to have the same knowledge level. Large multinational corporations may afford
specialized divisions at their headquarters that are responsible for certain countries only and that possess spe-
cialized knowledge. It is possible to accomodate this consideration in the model by allowing the firm to choose



of labor input and, as will be shown below, knowledge decreases marginal costs. The upper
bound of managerial knowledge and the upper bound of the knowledge interval of the firm thus
coincide. The knowledge interval of managers ranges from a lower bound Zj, to Z. z, denotes
the length of this interval [Zj, Z]. The firm chooses the knowledge levels z; and zp, as well as the
number of production workers n; and the number of managers nj. By choosing z; and zj, the
firm determines the upper bound of the workers’” knowledge interval(s) Z; and the lower bound

of the managerial knowledge in the headquarters Zj,.

2.1.2 The optimization problem

The firm strives to minimize the costs of producing a given quantity ¢; in country j. The
costs are composed of the cost for personnel at the headquarters and at the different production
locations. Each employee is remunerated with the country specific wage w; per unit of time
spent working for the firm and for knowledge acquisition costs wjc;jzi, k = h, j.

The firm optimally chooses the number of production workers {nj}]l-zo employed at the
different production locations, the country specific knowledge level of the production knowledge
{z; }}:0, the number of managers employed in the headquarters ny, and the knowledge level of

those managers zj,.

1

C(qo0,wo, q1,w1) = min anwj(1+cjzj) + npwo(l + cozp) (1)

{Tl]',Zj}}:(),nh,Zh =0
st njA;(1—e ) > g Nz (2)
Zj>2Z—z, Vj 3)

1
np > angjoe_)\zj (4)
j=0

np>0,2,>0,2, < Z (5)
nj>0,2;>20,2z,<z Vj (6)

In the cost minimization problem, the production quantities {qj}]l-:0 are taken as given, but
they will be endogenized in subsection 2.2, as will be the set of production locations of the firm.
Wages {w; }]1-:0 will be endogenized in subsection 2.3. The problem arrival rate A, communication
costs {9]-0}}:0, labor productivities {Aj}}zo > 0 and knowledge acquisition costs {Cj}}:o >0
are exogenous parameters determined by the state of a country’s economic development and

institutions.

1

In choosing the optimal values of {n;};_q, nn, {2; }]1.:0 and zjp, the firm has to take four types

of constraints into account:

Eq. (2): The firm has to produce a total output n;A;(1 — e™*?) of at least ¢j units.

Eq. (3): The knowledge intervals of the production workers [0, Z;] and the managers [Z}, Z]

eight endogenous variables: {z;,n;, z%nfl}llzo, where niL is the number of managers responsible for production
in country j and sz is their knowledge level. Such a modified model does not generate all of the predictions of
the main model in the paper. In particular, residual multinational wage premiums in the home country of the
multinational firm do not arise. Multinational firms probably have specialized departments in their headquarters.
As upper management is responsible for worldwide operations, managers have to be able to address issues brought
up from anywhere in the corporation at least at some level of seniority. This is captured by the assumption of
non-tailored managerial knowledge. A formal analysis of the modified model is sketched in Appendix A.5.



have to jointly cover the full knowledge interval [0, Z] of the firm. This is ensured
if the lengths of the production workers’ knowledge interval z; and the managers’

knowledge interval z; add up to at least the knowledge level of the firm Z.

Eq. (4): The firm has to hire a sufficient number of managers such that the managers are able
to listen to all problems brought up to them. The amount of problems is calculated as
the sum of the country specific masses of problems n; times the probability that the
solution is not found by the production workers in j, e *%. This term is multiplied

by the communication costs 6o to obtain the required number of managers.

Eq. (5, 6): All choice variables are restricted to be positive. Employees’ knowledge cannot

exceed the total knowledge of the firm.

1
j:07

parameters that are contained in {g; }]1:0 and {w; }]1:0, fulfil the following parameter restriction:

Assumption 1. The exogenous parameters z, A and {c;, 4;, 6,0} as well as those exogenous

- q; _ q; qs _
%9<0w0(60 + ) s Tgwi(A(l + C;z) + C;) + A—;)\Ggowo + T;wj(A(l + C}Z) + Cj) -
- (& =

qs q: —_ f— qs; o 9

4 WiG — XA W56 A W56

where j denotes the country with the binding knowledge constraint z; =z — zp and 7 denotes
the country where the knowledge constraint is not binding.

The parameter restriction ensures that constraints (3) and (4) are innocuous in the sense
that the firm is never forced to adopt a knowledge level zZ that exceeds the level it would adopt if
it were free to choose its total knowledge level, and that the firm is never forced to hire managers
even though it would prefer to hire only production workers. Given Assumption 1, the marginal
costs of production are strictly decreasing in the overall knowledge level, so covering the full
knowledge interval is always optimal for the firm. The parameter restriction is formally derived
in Appendix A.1.1.

The Lagrangian equation is given by

1
L= njwi(1+¢;z) + npwo(l + cozn)

j=0
1 ) 1 1
+) ¢ [qy' —njA;(1 - 6_”)} +> 85 E— 2=+ k[ D nibjoe N —ny,
=0 =0 j=0

The Lagrangian multiplier {; denotes the marginal costs of production. The other Lagrangian
multipliers do not have intuitive interpretations.
The first order conditions are detailed in Appendix A.1.2. The optimal number of production

workers is determined by the quantity constraint:

The optimal number of managers results from the constraint on the number of managers:

1 Az
qjfj0e” "
e (9)

1
ny = n;jlje” " = =

=0

8



The optimal knowledge levels of the production workers {zj}jl-zo may be different due to
asymmetries in the country characteristics. The knowledge constraint is binding for at least one
country:

Zj =Z— Zp- (10)

Intuitively, if the knowledge constraint were non-binding for both countries, the overlap of
knowledge at the headquarters and all production locations would remain unused. This cannot
be optimal.

If the knowledge constraint is non-binding, the knowledge level of the production workers is
determined by

—Azj _ wjcy

€ N )\Ojow(](l + Cozh) '

(11)

The knowledge constraint is binding whenever the marginal costs of additional local know-

ledge exceed the marginal benefit of using fewer services from the headquarters, i.e. whenever
the firm would actually like to choose knowledge level %ln [W
77

Abzqwo (14cozn)

< Z — zp. From

- 1
wic; <zZ-z,<iyln w5,
of the country with binding constraint z; = z — 2;, and non-binding constraint Z; = Z — zp are

related by

%ln [M }, it follows that the country characteristics

Ojowsc; < Osqwjc;.

The knowledge constraint is ceteris paribus more likely to be binding in the home country due
to the lower communication costs, and in the country with higher wages and higher knowledge
acquisition costs.

Managerial knowledge is implicitly determined by

4 W56

A

1
[1(z; > Z — z1)co +
=0

J

1(zj =Z—zp) N1+ Cozh)% <9j0€_/\(2_2h)’w0(60 + A1+ cozn)) — ’U)jcj):| = 0. (12)
J

The indicator function 1(-) determines whether the constraint z; = Z — z;, is binding or not.
If the firm only produces in the domestic country, zg, ng and nj; are determined by the

constraints (2)-(4). Managerial knowledge is implicitly defined by the simpler condition
9006_/\(2_%)(60 + )\(1 + Cozh)) —co=0. (13)

The first order condition (13) equates the marginal benefit of increasing zj, i.e. the savings in
knowledge acquisition costs of production workers, n;cp, and the marginal costs of increasing

AE=zn) ¢ and

zp. These are composed of the costs of increasing managerial knowledge, n;fppe™
the increase in the demand for management services, njHOOe*)‘(E*Zh))\(l + cpzp). The number
of production workers n; cancels from the equation. The optimal knowledge allocation in a
domestic firm is only determined by the within-country communication costs g9, the knowledge
acquisition costs cg, the problem arrival rate A and the firm’s total knowledge z. The first order
condition (12) analogously equates the marginal benefit and the marginal costs of increasing z.
The marginal benefit consists of lower knowledge acquisition costs of the production workers

in the country with the binding knowledge constraint, 1(z; = z — zh)g—jjchj. The marginal



. . . . ) _ qjw;cy
costs consist of the cos}\t(si of )mcreasmg managerial knowledge 1(z; > Z zh)coiAj Nitcomy) T
—A(Z—2zp

1(z; = z — zh)%ﬁjoe woco and the increase in the demand for managers 1(z; = z —
zh)%ejoe_’\(g_zh)w())\(l + cozp). The optimal knowledge allocation in a multinational firm is
more complex, because the firm cannot simultaneously choose the knowledge level that would
be optimal if it produced in only one of the two countries (unless all parameters in the foreign
country coincide with the parameters in the domestic country). As the marginal costs and the
marginal benefit of varying z; depend on the number of production workers at the two locations,
which in turn depends on the production quantities, the firm takes the amount of output at the
two locations into account in choosing the optimal level of managerial knowledge.

The marginal costs of production are given by

1
&= Aj(1— %)
1

S A=) [wj(l + (2 — zn)) + wo(l + cozp)0joe M) | for zj =z —z,. (15)
-

1
[wj(l +¢;z5) + Wit for z; >z —zp,; (14)

As £ > 0 Vgj, the cost function is strictly increasing in g;.

2.1.3 Comparative statics

Proposition 1. The optimal choices of the firm vary with total firm knowledge, the problem
arrival rate and country characteristics.

Table 1: Comparative statics

Choices/ Parameters z A Ojo ¢ wj Aj g
# production workers n; - - 0 0 0 - +
Production knowledge z;, MNE, z; =z — 2, =+ +/- + - - + -

Production knowledge z;, MNE, z; > z — 2, + - + - - + -

Production knowledge z;, domestic firm + +/- + - 0 0 0
# managers np, multinational firm (MNE) - - +/- + + - +
# managers ny, domestic firm - - +/- + 0 - +
Managerial knowledge z;, MNE, z; = Z — 2, + +/- - + + - +
Managerial knowledge 25, MNE, z; = Z — 2, + +/- 0 - - + -

Managerial knowledge zj, domestic firm + +/- - + 0 0 0

The table presents the effect of the parameters on the endogenous choices of the firm. + denotes positive effects, — denotes
negative effects, +/— refers to ambiguous effects and 0 refers to independence. “Domestic firm” refers to firms that produce
only domestically; the category includes exporters.

Proof. See Appendix A.1.3. O

The effects of Z, A; and g; on the number of production workers are intuitive. A higher value
of A implies that the same output can be produced with less labor input as a higher fraction of
problems occurs close to zero, so the number of workers decreases.

The knowledge level of the production workers increases in the total knowledge of the firm
Z. The problem arrival rate A has an indirect ambiguous effect via managerial knowledge on
the knowledge level of production workers. In addition, it directly and negatively affects the

knowledge level of production workers in a multinational firm if the knowledge constraint is

10



not binding: less knowledge is required to produce a given level of output. This direct effect
dominates the indirect effect, which is the only force that is present if the knowledge constraint
is binding, be it in a multinational or domestic firm. Higher communication costs entail an
incentive to assign workers more knowledge to increase the amount of problems that do not
need to be communicated to the headquarters. Higher learning costs ¢; and, in the case of a
multinational firm, higher wages w; increase the remuneration for every single worker, so it is
optimal to decrease their knowledge to mitigate cost increases. If the labor productivity A; in
country j decreases, or a larger quantity ¢; is to be produced, more workers need to be hired,
each of whom receives w;(1 + ¢;z;). A multinational firm can mitigate this cost increase by
decreasing the knowledge level of the production workers in country j and adjusting the optimal
knowledge allocation within its organization.

Wages, labor productivity and the production quantity do not affect the production workers’
optimal knowledge level for domestic firms. Labor productivity and the production quantity
scale the “breadth” of the domestic organization. An increase in the production quantity (or a
decrease in labor productivity) leads to a proportional increase in the number of workers, which
in turn causes a proportional increase in the number of managers. Changing the allocation of
knowledge within a domestic firm does not affect this requirement. Similarly, wages scale the
total costs of production. The effect of knowledge acquisition costs and communication costs is
different. The firm faces a trade-off: allocating more (less) knowledge to the production workers
increases (decreases) the total costs at the production level, but decreases (increases) the costs
that accrue due to communication between production workers and managers. The optimal
amount of knowledge allocated to the production workers therefore decreases in the knowledge
acquisition costs ¢y and increases in the communication costs with the headquarters 6y also in
a firm that produces only domestically. All the results for domestic firms are in line with the
findings for single-establishment firms in Bloom et al. (2009).

The effect of total firm knowledge, the production quantity and labor productivity on the
number of managers is straightforward. The problem arrival rate affects the number of managers
in two distinct ways. It has a direct, negative effect on the number of managers because it de-
creases the number of workers. It additionally has an indirect, ambiguous effect on the number
of managers via knowledge. The direct effect always dominates the indirect effect. Communica-
tion costs have an ambiguous effect on the optimal number of managers. On the one hand, an
increase in communication costs implies that managers have to spend more time to accomodate
a given number of problems, so the number of managers increases. On the other hand, higher
communication costs lead to higher knowledge levels at the production locations. The number of
problems referred to the headquarters decreases, as does the number of managers. The number
of managers increases in the knowledge acquisition costs and, in case of multinational firms, in
wages because these lead to a decrease in production workers’ knowledge. This implies that the
number of problems sent to headquarters increases, so more managers have to be hired to deal
with them.

Managerial knowledge increases in the total knowledge of the firm. The effect of the problem
arrival rate A is ambiguous. A higher value of A decreases the probability that the solution is
not found by the production workers for a given value of z,. This sets an incentive to increase
managerial knowledge z;, to save production costs at the level of the production workers. At

the same time, a higher value of A\ implies that the number of managers responds more strongly
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to changes in z;. More managers need to be hired if 2; = Z — 2, is decreased, which dampens
the positive effect of A on z. If the knowledge constraint is binding, country characteristics
have exactly the opposite effect on managerial knowledge as they have on production knowledge,
because the sum of the two knowledge levels has to cover the full knowledge interval. Country
characteristics (except communication costs) have an identical effect on managerial knowledge
as on production knowledge if the knowledge constraint is not binding. This result may seem
counterintuitive at first. Take the effect of wages as an example. Higher wages imply that
the firm decreases the level of knowledge of production workers. Consequently, the number of
problems sent to headquarters increases. This entails an incentive to decrease the marginal
costs of using the headquarters, which is achieved by decreasing heaquarter knowledge. This is
possible, as the knowledge constraint is not binding. The effect of the other characteristics can

be derived analogously.

2.2 Profit maximization

There are many firms in each country j = 0 and j = 1. Each firm ¢ produces a distinct variety
and is characterized by a firm-specific knowledge level z;. It solves the cost minimization problem
analyzed in the previous subsection. The analysis is conducted for a firm in the domestic country
j =0, and the analogous results apply to firms in the foreign country j = 1.

Consumers in each country have CES preferences:

o—1
U(e;(2)) = ( i :cj<zz->”a‘le<z>dz> (16)
j

where ); is the set of varieties available in country j, M; is the mass of firms, u(2) denotes
the density of knowledge levels of the firms in country j, o > 1 is the elasticity of substitution
and z;(Z;) is the individual consumption level of the variety produced by firm 7 with knowledge
input z; in country j. Preferences are assumed to be symmetric across countries. The mass of
firms M; and the density of their knowledge levels p(z) are determined in the next subsection.
The total demand is given by the product of the number of customers N; and the individual

demands:
qj(zi) = Njz;(Z). (17)

Utility maximization subject to the individual’s budget constraint implies that the demand

function for product ¢ is given by

1

p(z) = i(5) FQF BT (18)
where @); is the consumption basket in country j and P; denotes the price index. We normalize
the domestic price index Py to 1.

Firms maximize profits. Each firm chooses whether and how to serve the foreign country,
and determines the profit maximizing quantities ¢y and ¢;. Firms can access the foreign country
via exporting or foreign direct investment. They incur fixed costs fx for the former and f; for
the latter option, where f;r > fx. Exporting from country k£ to country j additionally entails
iceberg transport costs 7; > 1, with 791 = 719 and 790 = 711 = 1. In the following, optimal

quantities are characterized by the mode superscripts D for domestic firms, X for exporters,
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and I for multinational firms.

The profit maximization problem of a multinationally active firm is given by

1
max TrI(Zi,wo,wl) = ij(qj(gi))q][(ii) — C(5i7Q(I)(5i)7woaQ{(5i)a"wl)- (19)

at.qf iz0

Optimal prices are a constant mark-up over marginal costs:

Léj(zi,fﬂg(zi)awOaQ{(zi)7w1)- (20)

pi(z) = ——

The marginal costs ; are a function of {q]I }Jl«:O through z;, and z;. The optimal quantities are

thus implicitly defined by

qJI<’§Z) = ijjg_l (L§](227 Q(I](gi)a Wo, q{(zi)7 wl)) . : (21)

An exporting firm solves an analogously defined profit maximization problem:
1
max 7 (2, w0) = Y pi(af (2))q; (2:) — C(zi @5 () + 70108 (2:), wo). (22)

aisai =0

Optimal prices are a constant mark-up over marginal costs including transport costs 7oy if

applicable. The marginal costs are constant. The optimal quantities are given by

g

% () = Qo < 50(51;,100))_ ; (%) = Qi Pyt < 7 170150(51',1110))_ . (23)

oc—1
The optimal production quantity of a purely domestically active firm is determined by similar
considerations.
Firms can either be active purely domestically, produce domestically and export to the

foreign country or produce both at home and abroad. The profits of these three options are

(QOfO(ghQé(gi)vwo’q{(gi)’wl)l_o (26)

78 (%, wo, w1) =

given by

1 o \'°

0 (2, wo) = - <a —7 Qo&o(Zi, wo)' ™7 (24)
1 1-0o

X /-

™ (o) = 25
1
o

)

< : ) (Qo+QuPY ' 7617) oz, wo) ™7 (25)
)
(

Firms start exporting if
p(ai (2)ar (2:) — 1010 (Zi, wo)ai (Z) > wof¥ (27)
and become multinationals if

74 (Ziy wo, w1) — wo f1 > 7 (Zi,wo) — wo f~. (28)
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The exporting decision only depends on foreign profits because the firm is able to produce
additional output without adjusting its organizational structure. Domestic profits are unaffected
by the exporting decision. Foreign investment entails reallocations to the optimal allotment of
knowledge inside the firm because the firm has to balance domestic and foreign requirements.
This implies that domestic performance is affected by the FDI decision, so total net profits—
domestic and foreign net profits—in case of FDI have to exceed the total net profits in case
of exporting. Unlike conventional models of FDI, the model thus features an interdependence

between the marginal costs of production and the profits across countries.

2.2.1 Firm performance and modes of market access

The quantities sold in the domestic country in case of exporting and only domestic activity are
equal due to the constancy of the marginal costs in ¢ = {¢’ (%), ¢ (%:) + 701¢;* (%)} if the firm
has a single production location. Quantities sold domestically by a multinational firm are lower

than domestically sold quantities if the firm produced only domestically:
@ (z) = 6§ () > gj(Z)- (29)

This result arises because a multinational firm cannot tailor its headquarters to domestic needs
(unless the knowledge constraint is binding at both locations). Correspondingly, domestic
marginal costs increase in the quantity of foreign production (see Appendix A.2), and domestic
output and profits are lower in the case of FDI than in the case of exporting or domestic activity.

In the foreign country, quantities sold in the case of FDI exceed export quantities.
qi(z:) > ai (z) (30)

Otherwise, the difference in fixed costs and the sales foregone in the domestic country would
not be worthwhile. FDI therefore only takes place if &;(Z;, qé, wo, q{, w1) < 10180(Zi, wo). This is
more likely to be the case for high 797 and low 619, low w1, low ¢, high A; and a large market

size N1 (see Proposition 2 and section 2.3.2 below).

2.2.2 Firm performance and foreign country characteristics

An exporting firm sells larger quantities in the domestic country than in the foreign country by

701 > 1 and o > 1.

@ (z) > 4 (z) = 70,745 (%)

Foreign sales decrease in transport costs, so country attractiveness as export destination de-

creases with 7p1.

A multinational firm’s foreign performance varies with country characteristics.

Proposition 2. Foreign marginal costs &1 are increasing in the communication costs with the
headquarters 019, with foreign wages wy and foreign learning costs c1. Foreign marginal costs &1

are decreasing in foreign labor productivity A1 and the production quantity q;.
Proof. See Appendix A.2. O

A multinational firm has lower foreign marginal costs in foreign countries with lower bilateral
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communication costs to the multinational’s home country, with lower wages, lower learning costs
or higher labor productivity.

It is important to note that the marginal costs of production £; are decreasing in the for-
eign production quantity g1, but increasing in the domestic production quantity qo (see Ap-
pendix A.2). The firm chooses the optimal allocation of knowledge in a way that benefits
affiliates with larger output. Equation (12) foreshadows this implication: the firm takes the
size of its output at the different affiliates into account in choosing the optimal headquarter
knowledge level zj,.

Proposition 2 implies that foreign output and foreign sales are higher in countries with lower
communication costs 619, lower wages w; and lower knowledge acquisition costs c¢; as well as
higher labor productivity A; (see Appendix A.2). The effects of the communication costs, wages,
the knowledge acquisition costs and the labor productivity work through two channels. Take
the communication costs as an example. Higher communication costs have a direct, positive
effect on the marginal costs of production, which exerts a negative effect on foreign output and
foreign sales. Higher communiation costs also have an indirect, positive effect on the marginal
costs of production as the firm takes output into account in choosing the optimal allocation of
knowledge. Due to the lower production quantity, the affiliate is relatively less important for the
firm. The firm adjusts the allocation of knowledge. A lower production quantity due to higher
communication costs thus implies that the marginal costs of production increase even further,
depressing foreign output and foreign sales. In summary, the foreign country is more attractive
for FDI if the communication costs with the home country, wages and the knowledge acquisition
costs are lower and the labor productivity is higher due to the positive effect of these variables

on foreign output and sales.

2.3 General equilibrium
2.3.1 Closed economy

Each potential entrant can produce a differentiated product. Upon paying the fixed entry cost
f in units of domestic labor, firms draw a firm-specific knowledge level z;. The distribution of
potential knowledge levels G(2) is known and defined on the interval [0, Zpqz], Where Zpqz is the
highest knowledge level that fulfils Assumption 1. Production additionally entails a fixed cost of
production fP paid in domestic labor. Firms with adverse knowledge draws cannot profitably
cover these fixed costs, and so exit immediately.

The general equilibrium conditions determine the cut-off knowledge level for entry, z*, the
number of firms M, wage w and total income (). Recall that the price index P is normalized
to unity. The parameters A\, A, ¢, and N are exogenous. Country subscripts are suppressed for
simplicity of exposition.

A single firm’s variable profits are given by 77 (%;) = % (ﬁ) o Q&(Z;, w)' =7, The marginal
costs of production £ are constant in the production quantity ¢ and strictly decreasing in the
knowledge level z; (for a proof, see Appendix A.3.1). Profits are thus strictly increasing in the
knowledge level Z;.

The least productive active firm is indifferent between entering and remaining inactive: its

variable profits are equal to the fixed costs of production. The zero cut-off profit condition
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determines the knowledge level z* of the marginal entrant.

wfP = - ( ’ )10 QE(z",w)' ™" (31)

o—1

We assume that fP is sufficiently low such that z* < Z,,q, exists. The resulting density of the
knowledge levels of the active firms is given by u(z) = %. As profits are strictly increasing
in knowledge, the cut-off is unique. The cut-off increases with the knowledge acquistion costs
¢, wages w and communication costs 6 and decreases in labor productivity A (for a proof, see
Appendix A.3.1).

Potential entrants enter up to the point where the expected net value of entry is zero: entry
occurs until the expected value of profits is equal to the sunk cost of entry. The free entry

condition determines wages w:

Fmas o \'77 N -
wi= [TTL(00) eetsutraces) (32)
A unique equilibrium exists as the zero cut-off profit condition is strictly increasing in z* and
the free entry condition is strictly decreasing in z* in the w, z*-plane (for a proof, see Ap-
pendix A.3.1).

In equilibrium, labor and goods markets clear. Labor supply N equals labor demand. Labor
is used to cover the fixed cost of entry, the fixed costs of investment, and the demands for labor
in production, for management, and for teaching. Labor demand for production, management
and teaching can be calculated by setting wages equal to 1 in the cost function C'(g,w). The

labor market clearing condition determines the number of firms M.

N (54 g [ 0P+ canic) (33

%

The goods market clearing condition determines the total income wiN.
wN =Q (34)

2.3.2 Open economy

Firms can either sell their product only domestically, export it to the foreign market or conduct
foreign direct investment. Exporting and FDI entail additional fixed costs fX and f to be paid
in units of domestic labor. As in Helpman et al. (2004), we assume that f! > Tfo_l X > fP.
fX and f! are sufficiently low such that exporters and foreign investors co-exist. For simplicity,
we further assume that the foreign and the domestic country are symmetric with respect to the
knowledge acquisition costs ¢; = ¢g, the labor productivity A1 = Ay and the number of agents
N; = Ny. This implies that the knowledge constraint (3) is binding in the home country and
slack in the foreign country, so zo =z — z, and z1 > Z — zp,.

The general equilibrium conditions determine the cut-off knowledge level for activity z*, the
cut-off knowledge level for exporting 2% and for FDI z!, the number of firms {Mj}]l-zo, wages
{wj}]l-:o and total income {Qj}}zo. We derive conditions for the home country; analogous
conditions hold for the foreign country.

As above, the least productive active firm is indifferent between entering and remaining
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inactive. The variable domestic profit is equal to the fixed costs of production. The correspond-
ing zero cut-off profit condition wofP = % (ﬁ)l_a Qo&o(Z*,wo)' ™7 determines the knowledge
level z* of the marginal entrant.

The marginal exporter is indifferent between exporting and not exporting: the variable
foreign export profits are equal to the fixed costs of exporting. The second zero cut-off profit

condition determines the exporting cut-off .

oc—1

l1-0o
wf =2 (57) QP s ) (39)

Domestic and export profits are strictly increasing in Zz; as the marginal costs &y(Z;, wg) are
strictly decreasing in Z;. The marginal costs of the marginal exporter are lower than the marginal

costs of the marginal entrant if the market sizes are similar, as in Melitz (2003):

D\ 51
(2%, wo) = <g;;x> 7{150(5*,100) < &o(z*,wo) for Qo= QP13
Due to the symmetry of home and foreign in the exogenous parameters A, 6,0, ¢;, A;, N; and the
symmetry in the distribution of knowledge levels G(Z), in equilibrium, w; = wy, @1 = Qo and
P, = Py = 1. Consequently, the exporting cut-off knowledge level is higher than the zero cut-off
knowledge level: 2% > z*. An increase in 791 implies that the exporting cut-off knowledge level
zX increases: it is profitable to export to more distant destinations only for firms with lower
marginal costs.

The marginal multinational firm is indifferent between exporting and foreign direct invest-
ment. The net total export profits are equal to the net total profits earned from FDI. The
multinational cut-off ! is determined by the third zero cut-off profit condition, where we use

wy = wo, Q1 = Qo and P, = Py = 1.

l1-0o
(57) Qi abewn G )~ + 0 b ), gt )0 ~) — o =

SY

l1—0o
< ? ) (27, w0) "7 Qo(1 + 70, %) — wo f* (36)

oc—1

SH

The total profits from FDI have to exceed the total profits from exporting plus the difference in
the fixed costs. Both total FDI and total export profits increase in the knowledge level Z. As the
fixed costs of foreign direct investment are higher than the fixed costs of exporting by a factor
of more than 7'6’1*1, firms have to have a higher knowledge level to profitably carry out foreign

investment: z!

> zX. Domestic profits decrease in case of FDI as the headquarters are no
longer tailored to domestic needs, but balance domestic and foreign requirements. Compared to
a model with independent marginal costs of production, the productivity cut-off is thus shifted
upwards (for a proof, see Appendix A.3.2).

Export profits decrease with 797 and profits from FDI decrease #1y. Consequently, the know-

ledge cut-off z! varies with these parameters.

X
3Strictly speaking, £0(2%,wo) < &(Z*,wo) if Q1 P7 ' < 75’1‘1§—DQ0. The marginal exporter has lower marginal
costs than the domestic entrant whenever Q1 P} 1 < Qo for sure, or when the foreign market size adjusted by

X
the price index does not exceed the domestic market size by more than a multiple of 75, ;—D > 1.
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Proposition 3. The knowledge cut-off Z!' increases in the bilateral communication costs 01
between the host country and the multinational’s home country, and decreases in the bilateral

transportation costs 191 between the home and the host country.
Proof. See Appendix A.3.2. O

The depressing effect of the bilateral communication costs €19 on the tendency to invest
decreases in A\. A higher value of \ is associated with a more predictable production process.
The productivity cut-off ! is thus even higher in sectors with less predictable, more complex
production processes. This result is consistent with the findings in Bahar (2013) who shows
that firms in knowledge intensive sectors are less likely to conduct horizontal foreign direct
investment, and that given investment, high communication costs have a negative effect on the
location probability of knowledge intensive activities.

Firms enter up to the point where the net value of entry is zero. The expected value of the
profits has to be adjusted for export and multinational profits. The free entry condition is given
by

=1

wi=2(5%5) e ( [ weurice s [ e my-raoe)

g g

+ /Izmax (50(2’ CIO(Z), wo, th(Z), wo)l_” + &1 (Z, qo(Z), wo, q1 (2), ’wo)l_g) dG(E)) (37)

The labor market clearing condition is modified to include the demand for labor to cover the

fixed costs of foreign activity and the demand for labor by foreign investors.*

s

1 2
No =Mo (f p e ( / P+ 0 e{w @ + o 1, 1)dG(2) + / A

z

+ /m P+ 14 Clao Lo, ”dG(Z))) .

The goods market clearing condition corresponds to the above equation, with the consump-
tion basket adjusted for the available foreign goods. Due to symmetry, the trade balance condi-
tion is fulfilled.

2.4 Multinational wage premiums

A large empirical literature finds that foreign owned firms typically pay higher wages than
domestic firms (e.g. Aitken et al., 1996; Lipsey, 2004; Hijzen et al., 2013). The foreign wage
premium tends to be higher in developing countries (e.g. Aitken et al., 1996; Hijzen et al.,
2013) and varies with the nationality of the acquirer (Girma and Gorg, 2007). Likewise, parent
companies of of MNEs pay higher wages than domestic firms (Heyman et al., 2007). Such wage
premiums exist even after controlling for firm and industry characteristics, and after taking the

endogeneity of foreign take-overs into account (Girma and Gérg, 2007; Hijzen et al., 2013).°

4In principle, the demand for domestic labor by domestic multinational firms and the demand for domestic
labor by multinational firms from the foreign country need to be included separately. By symmetry, these labor
demands sum up to the total demand for labor by a domestic multinational firm.

5Part of the multinational wage premium is attributable to worker heterogeneity, which we abstract from.
Analyses that focus on wage premiums for incumbent workers find considerably smaller wage premiums than
analyses at the firm or establishment level (e.g. Heyman et al., 2007). However, the wage premium cannot be
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These empirical patterns can be explained by the predictions on the wage setting behavior of
multinational firms in the present model. Multinational wage premiums occur via two different
channels, a selection effect and residual multinational wage premiums.

Only firms with higher knowledge level Z become multinationals, as demonstrated in sub-
section 2.3.2. These firms pay higher wages to managers and production workers both in their
home country and the foreign country due to the positive effect of Z on zj, 29 and z; (see Propo-
sition 1). The resulting wage premium does not stem from multinationality per se, but from a
firm characteristic—knowledge—that favors the selection of firms into becoming multinational
and leads to higher wages. The channel thus works similarly to previous explanations that
attribute multinational wage premiums to differences in firm characteristics between multina-
tional and domestic firms, such as differences in labor demand volatility or closure rates (for a
survey, see Malchow-Mgller et al., 2013, who categorize these explanations as “heterogeneous
firm” theories).

Residual multinational wage premiums, in contrast, are wage premiums paid by multinational
firms compared to domestic firms with the same observable characteristics. Such wage premiums

occur in the model under certain parameter conditions.

Proposition 4. Multinational firms pay higher wages to their production workers than domestic
firms with the same marginal costs in their home country if Ogpwict < Orgwocy. Multinational
firms pay higher wages than domestic firms with the same marginal costs in the foreign country

if 00071)101 < 01011)000 and ¢1 > .-
Proof. See Appendix A.4. O

To see this, take the firm at the cut-off knowledge level for foreign investment z’. The
parameter condition fpowicy < Grpwocy implies that the knoweldge constraint (3) is binding in
the home country and slack in the foreign country. A comparison of equations (12) and (13)
demonstrates that for the firm with Z = z/, a higher z;, is optimal as domestic firm than as a
multinational firm. This implies that the firm pays higher wages to its production workers in
the home country as a multinational than as a domestic firm or exporter. The result holds more
generally: given their knowledge level z, firms pay higher wages to their domestic production
workers as multinational than as domestic producers.®

As the marginal costs of production are decreasing in zj; given Zz, firms have lower marginal
costs in their domestic market as domestic producers than as multinational firms. A domestic
producer with the same observed marginal costs as a multinational firm is therefore characterized
by a lower knowledge level z. The multinational wage premium in the domestic market is thus
reinforced by the positive effect of Z on production knowledge.

Concerning the foreign country, a multinational firm with cut-off knowledge level z! pays

higher wages than a foreign domestic firm with the same knowledge level by z; > zy > 2/ —
Foreign

2y , where zg, z1 denote the production worker knowledge levels of the multinational firm
and z! — z,};m"eign refers to the production knowledge of a foreign domestic producer. The

fully attributed to worker heterogeneity (Malchow-Mgller et al., 2013).

5Given the assumptions in the paper, all firms with knowledge above the knowledge cut-off z' select into
FDI and all firms with knowledge below the cut-off into exporting or domestic activity. Multinational firms
and domestic producers are thus generally characterized by dissimilar knowledge levels, with exception of those
firms around the cut-off Z7. A simple extension of the model with uncertain fixed costs of foreign market entry,
fI = ! + e, & ~ N(0,?), allows multinationals and domestic firms with similar knowledge levels to arise.
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first inequality follows from the knowledge constraint being slack in the foreign country. The
second inequality results because managerial knowledge is increasing in ¢;. Given z and ¢; >
¢p, production workers employed by domestic producers in the foreign country earn (weakly)
lower wages than production workers employed by domestic producers in the home country. As
multinationals from the home country pay higher wages to their domestic production workers
than comparable domestic firms in the home country, the second inequality results.

As before, a foreign domestic producer is has lower marginal costs than a multinational firm
with the same knowledge level. A foreign domestic producer thus has lower firm knowledge than
a multinational firm with the same marginal costs, so the residual foreign multinational wage
premium is reinforced by the impact of overall firm knowledge on wages.

With respect to the empirical relevance of this finding, it is necessary to assess to which coun-
try pairs the parameter restriction fgowic1 < 019wocy applies. By assumption, there is a friction
in cross-border communication compared to within country communication, i.e. 619 > 6pg. The
condition thus holds whenever the product of foreign wages and knowledge acquisition costs is
lower than the product of the corresponding domestic variables adjusted by the communication
friction, wyic; < %wgco. This includes the case wgcy &~ wicy, which can reasonably be argued to
apply to FDI from developed countries to other developed countries. Concerning FDI from de-
veloped to developing countries, knowledge acquisition costs are likely to be higher in developing
than in developed countries, ¢; > ¢y, and wages are typically much lower, w; < wg. Wage premi-
ums occur whenever the difference in wages adjusted by the communication friction outweighs
the difference in knowledge acquisition costs. Note that in addition, the foreign wage premium
is predicted to be the higher, the higher ¢; is. Consistent with the empirical evidence, MNE
wage premiums are thus predicted to be stronger for developing than for developed countries.

As both communication costs between the home country of the multinational firm and the
foreign country and relative wages and knowledge acquistion costs in the domestic and foreign
play a role, the model additionally explains why wage premiums vary with the nationality of the
acquirer. All implications result from the cost minimization problem of the firm and additional

assumptions on worker preferences, as in Egger and Kreickemeier (e.g. 2013), are not necessary

3 Empirical analysis

The empirical analysis is based on the Microdatabase Direct investment (MiDi), a data set with
balance sheet information on virtually the universe of foreign affiliates of German multinational
firms from 1999 until 2010. The data set contains detailed balance sheet information on every
affiliate, including its sales, its number of employees and its financial structure. Information on
parent and affiliate sectors, mostly at the two digit level, is also provided. From 2002 onwards,
information on the sales and the number of employees of the German investor is available.

The data allow testing the following predictions of the model:

Testable hypotheses.

1. The foreign productivity of a given multinational firm increases in the size of the foreign
market Qj and the labor productivity flj and decreases in the bilateral communication costs

with Germany éjo, foreign wages w; and knowledge acquisition costs ¢;.

20



2. The cut-off productivity level for investment in a foreign country increases with the bilateral

communication costs with Germany éjo, and decreases with the bilateral transport costs 7.

The first hypothesis follows from Proposition 2 and the second hypothesis results from Propo-
sition 3 by associating productivity with inverse marginal costs é, as is standard in the literature
(e.g. Melitz, 2003; Helpman et al., 2004). A “~” is used to denote the empirical analog of a
model parameter. The production quantity g¢; is an endogenous model outcome, so market size
is used to take into account the fact that demand and thus g; will be higher in larger markets.

We use the natural log of sales over employees In(sales/ employees) to measure productivity.
To be consistent with the level of analysis of the model, we aggregate the available information
on the parent-country level, taking the degree of participation of the parent in the affiliate into
account where applicable.

Recall that the model demonstrates that a firm’s marginal cost depends on Z;, the knowledge
level of the firm, which also determines firm selection across countries. To be consistent with
the model predictions, the empirical test of Hypothesis 1 focuses on within-parent variation in
performance across countries, thus taking into account the fact that differences in z; may affect

foreign performance. We estimate the following regression equation:
Yijt = Bo + P1Qjt + Bl + Baéji + Batbjy + BsAji + cvip + €ije (39)

where y;;; denotes the foreign labor productivity of firm ¢ in country j and period ¢, a; is a
parent—year fixed effect, and ¢;;; is a firm—country—year specific error term. The parent—year fixed
effects absorb the effect of z;, i.e., of parent characteristics that may influence performance across
destinations. The regression results uncover the relation between deviations in the performance
measure y;;; from its parent—year specific mean and deviations in the country characteristics Z j;
from their respective parent—year specific means, abstracting from parent-specific differences.
To account for correlations across time, the standard errors are clustered at the level of the
parent.

This approach helps to distinguish the predictions of the model from bias due to the self-
selection of firms across countries. Large markets with high labor productivity and low factor
costs are attractive investment destinations. The higher average productivity of firms in such
markets could result from more productive multinationals selecting into those destinations. The
empirical specification focuses on the performance of the same multinational firm across different
countries and thus tests the model in a clean fashion.

It is still necessary to interpret the resulting estimates B with caution. The set of locations
is a choice variable on the part of the firm, and does not vary exogenously. It is difficult to
guarantee that our estimation conditions on all information available to the investor, so the
results may still be biased due to unobservable firm—country-specific variables. One possibility
for addressing this problem would be to analyze the effect of a large and unexpected shock in one
of the regressors in a country on the outcome variables of firms which had already been active
in that country before the shock occurred. We have unfortunately not been able to find such a
shock, and thus have to stick with more suggestive empirical evidence. Estimating a Heckman
selection model is an alternative option. However, such a specification does not allow maintaining
a strict focus on within-parent variation across countries, as using firm—year fixed effects is not

possible. In addition, the strong distributional assumptions of the Heckman selection model are
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not fulfilled in the data. These aspects are discussed in more detail in Appendix C.

To learn whether the selection pattern across countries is consistent with the predictions
of the model, we construct the cut-off productivity level by country for each two digit parent
sector group. The model predicts that firm performance across countries is interdependent and
that foreign activity negatively affects domestic performance. We therefore employ two different
strategies to approximate the cut-off productivity level. We employ the minimum domestic
productivity of investors active in a country, which is subject to the caveat just mentioned. We
additionally construct the global productivity of a firm as the log of global sales over the global
number of employees and use the minimum worldwide productivity of investors in a country as

measure for the cut-off productivity level. The estimation equation is:
Ysjt = Y0 +11Qjt + V201 + v3Ejt + Yawji + 5 Aji + 8¢ + 05 + vsje (40)

where y,;; denotes the cut-off productivity level of firms in sector s in country j and period t,
¢, 05 are a year and sector fixed effect, and €, is a sector—country—year specific error term.

Standard errors are clustered at the country level.

4 Data and descriptive statistics

The Microdatabase Direct investment (MiDi) is provided by the Bundesbank, the German cen-
tral bank. We use the information on outward foreign direct investment by German companies.
The database consists of a panel of yearly information on virtually the universe of foreign af-
filiates of German firms from 1999 until 2010. By the German Foreign Trade and Payment
Regulation (AuBenwirtschaftsverordnung), any resident who holds shares or voting rights of at
least 10% in a company with a balance sheet total of more than 3 million euro is obliged to
report information on the financial characteristics of these affiliates to the Bundesbank. Until
2002, information on stakes of at least 10% in a company with a balance sheet total of more
than 5 million euro and stakes of at least 50% in a company with a balance sheet total of more
than 0.5 million euro had to be reported (Lipponer, 2009). The same information has to be
provided on branches or permanent establishments abroad if their operating assets exceed the
reporting threshold. We clean the data so that all observations meet a uniform threshold: we
keep affiliates with a balance sheet total of at least 5 million euro and a degree of participation
of at least 10%, or with a balance sheet total between 3 and 5 million euro, but parent stakes of
at least 50%."

We drop observations on 20,016 affiliates of investors that are government institutions or pri-
vate households, agriculture or mining companies and housing enterprises.® The resulting data
set contains 271,178 affiliate—year observations that correspond to 179,658 parent—country—year
observations. Some affiliates are reported several times, because multiple investors hold partic-
ipating interests in them. We augment the MiDi with information on country characteristics
used as proxies for the model parameters. An overview of the model parameters, the empirical

analogs, and the corresponding data source is given in Table 2.

737,251 observations are thus dropped from the sample.

8Government institutions and private households are dropped because they are not multinational firms. Agri-
culture and mining companies are dropped because natural resources are decisive factors for their investments,
but ignored in the theoretical and empirical analyses. Housing enterprises are dropped because they often report
sales of zero, even though they are not small, which would lead to measurement error in our analysis.
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Table 2: Overview of model parameters and their empirical analogs

Variables ‘ Definition Empirical analog Data source

Endogenous outcomes

€¢

& ‘ Marginal costs of production  Inverse foreign labor productivity (In (sales/# employees)) MiDi
Firm characteristics
Zi ‘ Knowledge level Parent-year fixed effect a;; n/a
Country characteristics
Qj Market size GDP IMF
Market potential (sum of GDP weighted by distance) Own calculation/ CEPII, IMF
0 Bilateral communication costs Flight time from Frankfurt to main city www.weltinfo.com/service/flugzeiten.html,
www.meine-flugzeit.de, main city: CEPII
Linguistic distance Own calculation/ Spolaore and Wacziarg (2009),
CEPII, Ethnologue
Share of population speaking English Eurobarometer 52, 55, 237, 243, 386
Crystal (2003)
Common official language indicator CEPII
Time zone differences in minutes www.timeanddate.com
c; Knowledge acquisition costs Per pupil public expenditure on education

as % share of GDP per capita
PISA maths, science scores

World Bank (World DataBank)
World Bank (World DataBank)

A; Labor productivity GDP per employee World Bank (World DataBank)
Labor productivity per employee OECD

W Wage Compensation per employee OECD

705 Transport costs Distance CEPII

Additional controls

Social capital
Investment climate

Bilateral trust

Statutory tax rate

Cost and time to start a business

Cost, time and # of procedures to enforce contracts
Cost, time and # of procedures to register property
Rule of law, government effectiveness

Eurobarometer 46

IBFD

World Bank (Doing Business)
World Bank (Doing Business)
World Bank (Doing Business)
World Governance Indicators



We use GDP data from the IMF to measure differences in demand across countries. We al-
ternatively employ market potential calculated as the sum of GDP of all countries weighted by
their distance to the host country (e.g. Chen and Moore, 2010). The bilateral communication
costs between headquarter managers and foreign production workers are difficult to capture.
We employ a number of different measures to approximate them. We focus on measures that
approximate frictions in information and communication flows between people and refrain as
far as possible from measures which could also capture differences in the flow of goods such as
distance. The main measures are the duration of a flight from Frankfurt to the main city of the
host country, the linguistic distance between German and the language(s) spoken in the host
country, and the difference in time of day in minutes. We calculate the linguistic distance as a
function of the number of common nodes of German and each language spoken by at least 20%
of people in the host country according to the classification of languages provided by Ethno-
logue (Spolaore and Wacziarg, 2009) and take the simple average in case of several languages.’
The flight time is used to capture how quickly managers can travel to the affiliate and address
potential issues in the production process on site. Despite technological advances, face-to-face
communication is often indispensable to ensure successful production (e.g. UNCTAD, 2004). In
principle, the flight time is correlated with geographic distance. However, there are no direct
flights for a number of destinations, so the flight time contains important information on the
accessibility of foreign countries beyond their geographic distance. The linguistic distance is
based on the intuition that the closer a language is to one’s mother tongue, the easier it is for
most people to learn it and to express themselves precisely. Undoubtedly, international business
communication likely often takes place in English (and we thus use the share of the population
speaking English as measure for the communication costs in robustness checks below). Still,
as a recent documentation by the Secretariat General Translation Directorate of the European
Court of Auditors shows, non-native English speakers tend to develop their own English dialect
that is strongly influenced by their native languages and often difficult to understand by native
speakers (Gardner, 2013). The linguistic distance is therefore apt to capture frictions in commu-
nication despite the use of English in business contexts. The difference in time of day captures
the fact that personnel at either location may have to work unconventional hours to facilitate
communication if the affiliate is located in a different time zone. This may increase costs for
the firm. We use the difference in the time of day in minutes and not the abosolute value of
the deviation in time of day, because the time difference may have an asymmetric effect. The
working day at the affiliate location starts before the parent’s working day if the time difference
is negative, but ends after the parent’s working day if the time difference is positive. This may
affect affiliate performance because in the former case, parents can be approached with problems
at the same day, whereas affiliates may have to wait until the next day to have their problems
addressed in the latter case. As robustness checks, we use the share of people speaking English
and an indicator that German is among the official languages of the host country. The share of
people speaking English is only available for a subset of countries and for a subset of years, but
does not vary greatly over time. We therefore assign the available information for each country
to all years and use the nearest value for each period.

Knowledge acquisition costs are measured using the expenditure per pupil as percentage

7—4# common nodes

7
as 7 is the number of linguistic nodes of German and thus the maximum number of common nodes possible.

9Specifically, we use , slightly modifying the formula used in Spolaore and Wacziarg (2009),
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share of GDP per capita and PISA maths and science scores. The former is an input measure
based on the idea that more public investment in education decreases the marginal costs of
schooling. The latter are output measures that take into account the fact that large amounts
of public funds per se do not imply that the educational system works efficiently. PISA scores
are internationally comparable measures of how well the educational system is able to teach
abilities to students. As they are only available for a relatively small subset of countries and
years, we prefer the former measure. We use GDP per employee to measure labor productivity.
This measure is imperfect, as it is does not reflect differences in hours worked, but is available
for a large number of countries. We use labor productivity per employee for OECD countries as
robustness check. To measure wages, we employ the compensation per employee provided by the
OECD. However, these measures are only available for the majority of OECD countries, and the
OECD countries are a non-representative sub-sample of all investment destinations of German
firms. We therefore stick to GDP per employee as labor productivity measure and omit wages
in most regressions below.!® The omission of wages is defendable, as wages are endogenously
determined in general equilibrium and thus a function of the other covariates. Finally, transport
costs are measured using data on bilateral distance. We take the logarithms of the covariates if
their distribution in levels is skewed.

To take into account factors which may influence the variation in productivity across coun-
tries but are not explicitly included in the model, we also include data on bilateral trust and
investment climate measures. We use data on bilateral trust from Germany towards other coun-
tries from the Eurobarometer. As investment climate measures, we use statutory tax rates as
well as the indicators on the ease of enforcing contracts and of registering property from the
World Bank Doing Business Indicators and indicators on the rule of law and government effec-
tiveness from the World Governance Indicators. The cost and time to start a business are used
as additional controls in the regressions on the cut-off productivity level.

Table 3 provides summary statistics of the variables used in the regression analysis.

10WWe have experimented with the Occupational Wages around the World Database by Freeman and Qostendoorp
provided via the NBER (Oostendorp, 2013), a standardized database on wages by sector based on the ILO
October Inquiries. However, its overlap with the MiDi database is even worse. Data are available for only 20%
of observations.
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Table 3: Summary statistics

Variable N Mean SD

Foreign productivity 150,570 5.583  1.189
Domestic productivity (firm level) 24,357 5.803  1.150
Number of countries per parent (firm level) 54,961 3.016  4.782
Log GDP 163,890 13.269  1.533
Log market potential 163, 686 6.457  1.431
Log flight time 165, 349 5.154 .959
Time difference to Germany, minutes 165,662 0.198  3.588
Linguistic distance 163, 805 0.803  0.232
Official language German 164,992 0.139  0.346
Per pupil public expenditure on education, % of GDP p.c. | 128,653 22.978  3.982
PISA maths score 46,329 492.354 38.925
PISA science score 46,329 495.513 32.579
GDP per employee (in 1990 $ 1,000) 163,071 3.806  1.581
Labor productivity per employee, OECD 123,239 11532  1.390
Log distance 164,992 7.320  1.298
Log compensation per employee 113,157 11.087  1.432
Bilateral trust from Germany, survey 1996 120,875 2.548  0.421
Log costs to enforce a contract 114,971 3.009  0.363
Log time to enforce a contract 114,971 6.162  0.439
# of procedures to enforce a contract 114,971 32.941  5.680
Log costs to register property 102,230 1.074  1.010
Log time to register property 102, 645 3.416  1.050
# of procedures to register property 102, 645 5.323  2.201
Costs to start a business 114,980 10.080 37.595
Time to start a business 114,980 24.525 26.056
Statutory tax rate 164,110 28.933  7.672

Summary statistics for regression sample. Variable definitions: see Table 2. The number of observations varies due to
differences in country coverage. Maximum possible number of observations: 165,760.

Figures 1 to 4 provide graphical evidence about the basic relations in the data. Each dot
refers to one country. The upper panel scatters the cut-off productivity level by country, where
the cut-off productivity level is measured using domestic productivity. The lower panel scatters
the average deviation of foreign productivities from the parent—year specific mean. The average
deviation of foreign productivities from the parent—year specific mean is calculated as follows.
We calculate the mean of foreign productivities for each parent and year and substract it from
the observed foreign productivities. We obtain the deviation in the foreign productivity per
country from the parent—year specific mean. For every country, we calculate the average of
these deviations. This implies that the scatter plots indicate the relationship between country
characteristics and the relative performance of firms, i.e. whether firms tend to be more or less
productive than average in countries with certain characteristics. The left figures scatter the
respective variables against log GDP, the right figures scatter the residuals from a regression of
the variables on GDP against log flight time. The relationship between performance and flight

time are therefore robust to GDP differences.
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Figure 1: Cut-off parent productivity vs. Figure 2: Cut-off parent productivity vs.
GDP, 2005 flight time, 2005
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Figure 1 scatters the minimum domestic productivity of investors active in a country versus the natural log of country GDP.
Figure 2 scatters the residuals from a regression of the minimum domestic productivity on log GDP versus the natural log
of the flight time from the main city in the host country to Germany. For data confidentiality, only countries where at least

three investors are active are included.

Figure 3: Foreign productivity vs. GDP, Figure 4: Foreign productivity vs. flight
2005, deviations from parent mean time, 2005, deviations from parent mean
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Figure 3 scatters the average of the deviations of foreign productivity (In foreign sales/foreign employees) in a country from
the parent specific mean versus the log of host country GDP. Figure 4 scatters the residual from a regression of the average
deviation of foreign productivity on log GDP versus the log of flight time between the host country and Germany. For
data confidentiality, only countries where at least three investors are active are included. Two outliers, the Bahamas and

Mauritius, commonly considered as tax havens, are dropped.

The model predicts that only more knowledge intensive and thus more productive firms
invest in more challenging destinations (cf. Proposition 3). Figures 1 and 2 corroborate the
conjecture that firm selection is non-random across countries: the cut-off productivity level as
measured by the minimum domestic productivity level tends to be higher in smaller markets,
and lower in countries that are quicker to reach.

Figures 3 and 4 show that firms tend to be relatively more productive in countries that are
larger and that are more quickly accessible. The relationships are reversed compared to the
patterns displayed in Figures 1 and 2. Larger and less remote countries attract investors that
are less productive in the home country, but foreign productivity tends to be higher in larger
and less remote countries given domestic productivity. The pattern is consistent with higher Zz;
firms’ being able to invest in more difficult destinations, but all firms being more productive in
larger markets with lower bilateral communication costs with the home country.

To run the regressions in the next section, we aggregate direct and indirect participation
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interests per affiliate and further restrict the sample to majority owned affiliates.!! The relation-
ships predicted by the model hold whenever the parent is actively involved in the management
of local production. This may not be the case when the majority of the affiliate is owned by
other shareholders. The results are largely robust if we abandon this restriction. We report the

regression results for the full sample in Appendix B.

5 Results

5.1 Within-firm differences in performance across countries

Table 4 presents the main results on Hypothesis 1. The table displays the number of parents
and the number of country combinations contained in the regression sample along with the co-
efficients. The number of country combinations denotes the number of distinct combinations
of countries that the investors included in the regression sample are active in. The number is
decisive because the regression results are driven by the variation within firms across countries,
so it is important to ensure that the number is sufficiently high. The number of country com-
binations often exceeds the number of parents, which implies that parents change their set of
investment destinations over time.

Table 4 shows nine specifications. The first specification (column 1) includes log GDP and
the measures of communication costs: log flight time in minutes, linguistic distance and the
time difference from Germany in minutes. The second specification (column 2) adds knowledge
acquisition costs measured by public expenditures on education per pupil as share of GDP per
capita and labor productivity measured as GDP per employee. The third specification (col-
umn 3) also includes a measure for wages: the log compensation per employee. We separate the
first from the other specifications to make transparent whether the measures of communication
costs take up omitted country characteristics. The second and third specification are separately
displayed because the wage data are only available for OECD countries, so the sample size de-
creases non-randomly once wages are included. Due to the selectivity of the sample including
wages and the associated decrease in the number of observations, we omit wages from further
regressions. Columns 4 to 9 include other potential determinants of cross-country differences in
productivity that might be omitted variables in the main specification. These specifications will
be detailed after discussing the main regression results. Table B.1 presents the regression results
if all affiliates, including non-majority owned affiliates, are included in the regression sample.
The regression coefficients are quantitatively similar, but less significant, which indicates that
non-majority owned affiliates add noise to the sample. Table B.2 displays regression results for
columns 4-9 including wages. The results are largely robust, but the number of observations
is considerably lower. Recall that these regressions are based on a non-random subsample of
countries.

We expect that parents are more productive in larger and more proximate countries with

higher labor productivities and lower knowledge acquisition costs and wages.

194,060 observations are thus dropped from the sample.
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Table 4: Regression results: within-firm differences in productivity across countries

6¢

Main specification Alternative determinants
1 2 3 4 5 6 7 8 9
Log GDP 0.140*** 0.057*** 0.081*** 0.098*** 0.072%** 0.035*** 0.049*** 0.102*** 0.053***
(0.006) (0.008) (0.011) (0.011) (0.008) (0.009) (0.009) (0.012) (0.008)
Log flight time —0.155*** —0.044*** —0.005 —0.028* —0.034** —0.057*** —0.080*** —0.055** —0.105***
(0.009) (0.011) (0.013) (0.013) (0.011) (0.013) (0.014) (0.018) (0.026)
Linguistic distance —0.631*** —0.071* —0.064" —0.084** —0.059* —0.147** —0.059% —0.069" —0.067*
(0.029) (0.030) (0.034) (0.032) (0.030) (0.036) (0.033) (0.035) (0.030)
Time difference to Germany 0.002 0.020*** 0.036*** 0.042*** 0.019*** 0.024** 0.019*** 0.046*** 0.019***
(0.002) (0.002) (0.003) (0.004) (0.002) (0.002) (0.003) (0.004) (0.002)
Public expenditure per pupil, 0.016*** 0.018** 0.013*** 0.017*** 0.018*** 0.019** 0.017*** 0.015***
% GDP per capita (0.002) (0.003) (0.002) (0.002) (0.003) (0.003) (0.003) (0.002)
GDP per employee 0.207*** 0.151% 0.108*** 0.211*** 0.235%** 0.189*** 0.144*** 0.215%**
(0.008) (0.012) (0.015) (0.008) (0.009) (0.009) (0.017) (0.009)
Log compensation per employee —0.013*
(0.006)
Trust, survey 1996 0.231*** 0.194***
(0.032) (0.038)
Statutory tax rate —0.008*** —0.008***
(0.001) (0.002)
Log costs to enforce contracts 0.029
(0.025)
Log time to enforce contracts —0.004 0.177***
(0.022) (0.019)
# of procedures to enforce contracts 0.012***
(0.002)
Log costs to register property —0.002
(0.007)
Log time to register property —0.079*** —0.077***
(0.008) (0.008)
# of procedures to register property 0.010**
(0.003)
Log distance 0.046**
(0.018)
Constant 5.026*** 3.960*** 3.767* 3.264*** 3.895%** 3.775%* 4.495%** 2.577** 4.002%**
(0.078) (0.120) (0.159) (0.159) (0.119) (0.195) (0.151) (0.259) (0.121)
R? 0.092 0.194 0.136 0.138 0.196 0.204 0.208 0.159 0.195
Observations 149,223 117,519 91, 600 99,061 117,315 82,567 72,792 59,728 117,519
# parents 8,331 7,732 6,867 7,239 7,724 6,253 5,903 5,489 7,732
# country combinations 9,249 9,042 8,628 8,638 9,040 6,747 6,140 5,826 9,042

Standard errors in parentheses. T p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.

Dependent variable: foreign productivity defined as In &%.Comriate definitions: see Table 2. Sample based on all foreign affiliates with degree of participation of at least 50%.



All signs of the coefficients are in line with the theoretical predictions. The estimated coeffi-
cients are generally highly significant, often at the 0.1% level. Parents tend to be relatively more
productive in relatively larger countries. Higher communication costs—as measured by longer
flight times and higher linguistic distance—generally have a negative impact on the outcome
variables, though the effect is less significant once the sample is reduced to OECD countries.
Positive time differences increase productivity. It is plausible to interpret this finding as an
indication that a longer time lag between the incidence of a problem at a foreign location and
the reaction of the parent is productivity decreasing. If affiliates work ahead of the parent, it is
possible for them to send the issues to the headquarters at the beginning of the headquarters’
office hours and have them addressed the same day; if the working day at affiliate locations
begins after the parent’s, problems that arise later during the day have to be postponed until
the next day. In unreported regressions, we explore whether the relationship is non-linear, but
do not find robust evidence for a U-shaped relationship. Relatively lower knowledge acquisition
costs due to higher public investments in education and relatively higher labor productivity
increases foreign performance, whereas higher wages decrease foreign productivity.

These findings are robust to the inclusion of potential omitted variables. The coefficients
remain highly significant. Column 4 includes a measure of bilateral trust between Germany and
the host countries calculated based on the survey question in the Eurobarometer from the year
1996 (see Bloom et al., 2012; Guiso et al., 2009). Bloom et al. (2012) consider trust as a form
of social capital and argue that higher levels of bilateral trust between a multinational firm’s
headquarters and the affiliate increase the firm’s productivity by allowing the firm to decentralize
more easily. The regression results confirm that higher bilateral trust increases firm productivity.
The impact of the communication cost measures is unchanged, even though Guiso et al. (2009)
find that trust is positively associated with common linguistic roots. Communication costs and
trust have distinct effects on firm performance.

Columns 5 to 8 include statutory tax rates, the cost, time and number of procedures required
to register property and to enforce contracts as measures for differences in the investment climate
across countries. The first three columns include the measures separately, column 8 includes
trust, tax rates and the time to enforce contracts and register property. We choose time to enforce
contracts and register property as investment climate measures because these indicators seem
most comparable across countries and least likely to pick up differences in the income per capita,
which is used as reference to obtain comparable costs measures in the Doing Business Indicators.
Our findings are robust throughout specifications, and the investment climate measures affect
productivity in intuitive ways. Higher taxation negatively affects foreign productivity. The cost
and time to enforce contracts does not have a significant effect, but the number of procedures
is positively associated with productivity. This finding is contrary to expectations, but may
reflect the fact that given the time and cost of enforcing contracts, a higher number of steps
in judicial proceedings need not reflect red tape, but may be attributable to the demand for
carefully finding a fair solution. This effect may be taken up by the coefficient of the time to
enforce contracts in column 8. The number of procedures required to register property has a
similar effect. When it takes longer to register property, a firm’s productivity in a country is
negatively affected. Column 9 includes geographic distance in the main specification, a common
regressor in the gravity literature. The main regression results are robust. Relatively more

distant affiliates are predicted to be relatively more productive.
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Table 5: Regression results: within-firm differences in productivity across countries

1 2 3 4 5 6 7 8
Log GDP 0.034*** 0.064*** 0.058*** 0.053*** 0.199*** 0.057** 0.058"**
(0.009) (0.008) (0.008) (0.008) (0.008) (0.008) (0.008)
Log flight time —0.043*** —0.090*** —0.038*** —0.051*** —0.057** —0.015 —0.041*** —0.042***
(0.011) (0.012) (0.011) (0.010) (0.009) (0.013) (0.012) (0.012)
Linguistic distance —0.068* —0.143*** —0.151%** —0.286™** —0.045 —0.051%
(0.030) (0.032) (0.032) (0.035) (0.031) (0.031)
Time difference to Germany 0.020%** 0.025*** 0.020*** 0.014*** 0.016*** 0.041% 0.019** 0.019***
(0.002) (0.004) (0.002) (0.003) (0.002) (0.003) (0.002) (0.002)
Public expenditure per pupil, 0.016%** 0.015*** 0.015%* 0.037*** 0.017** 0.017***
% GDP per capita (0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
GDP per employee 0.209*** 0.234*** 0.202%** 0.188*** 0.198*** 0.190*** 0.191%*
(0.008) (0.010) (0.008) (0.009) (0.008) (0.010) (0.010)
Log market potential 0.056™**
(0.008)
Share speaking English 0.001*
(0.000)
Official language German 0.126***
(0.022)
PISA Maths score 0.002***
(0.000)
PISA Science score 0.001***
(0.000)
Labor productivity per employee, OECD —0.047
(0.062)
Log compensation per employee 0.031
(0.061)
Rule of law 0.047**
(0.017)
Government effectiveness 0.042*
(0.017)
Constant 4.335"** 4.304*** 3.806™** 3.752%** 3.961*** 2.635™** 3.941%* 3.923***
(0.096) (0.153) (0.126) (0.163) (0.166) (0.156) (0.128) (0.130)
R? 0.194 0.169 0.196 0.171 0.170 0.124 0.199 0.199
Observations 117,519 103,170 117,557 42,079 42,079 91, 600 100, 164 100, 164
# parents 7,732 7,433 7,735 6,753 6,753 6,867 7,255 7,255
# country combinations 9,042 8,811 9,047 4,764 4,764 8,628 8,084 8,084

Standard errors in parentheses. T p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001
Dependent variables: productivity - In (foreign sales/foreign employees). Covariate definitions: see Table 2.



5.1.1 Robustness checks

Table 5 replicates the regression results when alternative variables are used as measures for the
model parameters.

We use the market potential instead of GDP (column 1), and the share of the population
speaking English (column 2) and an indicator for German as an official language of a country
(column 3) as alternative measures for linguistic distance. The baseline results are robust and
significant at least at the 5% level. The alternative measures have the expected effects and are
significant.

The results are likewise robust when PISA maths and science scores are employed as an
alternative measure for the knowledge acquisition costs (columns 4, 5). As predicted by the
model, lower knowledge acquisition costs, here measured using the output of the education
system, increase productivity. The sample size is considerably smaller as the measures are only
available for a subset of years.

We use labor productivity measures from the OECD as an alternative for GDP per employee
and reinclude wages as the sample is restricted to OECD countries anyways (column 6). Labor
productivity is calculated as the gross value added divided by the number of employees. As in the
main regressions, flight time is insignificant once the sample is restricted to OECD countries. The
size of the coefficient of linguistic distance increases by almost 100%. Both labor productivity and
wages are insignificant. This finding is surprising, given that productivity is robustly significant
in all other specifications. This may result from a combination of factors: on the one hand, GDP
per employee is a coarse measure and may pick up effects of income per capita differences. On
the other hand, the labor productivity measure is only available for OECD countries, which are
relatively homogeneous. Thus, there may just be too little variation to estimate a meaningful
effect.

Finally, we use alternative measures for the quality of the investment climate from the
World Governance Indicators (columns 7, 8). We include the rule of law, a measure that is also
used in Nunn (2007) and government effectiveness. The baseline results are robust. Linguistic
distance is significant at the 15% and 10% level respectively. As Kaufmann et al. (2010) point
out, the World Governance Indicators are survey measures, so the precision of the individual
measures should not be overestimated. To take this issue into consideration, we additionally
run unreported regressions including the upper and lower bounds of the confidence interval for

the measures instead of the point estimates. Results are robust.

5.1.2 Relevance

To assess the relevance of our findings, Table 6 presents the effect of an increase in the indepen-
dent variables by one standard deviation on foreign labor productivity expressed in standard
deviations. For comparison, it also displays the coefficient from the main regression (Table 4,
column 2) and the coefficient range. The coefficient range is taken as being from the second
lowest to the second largest coefficient, to remove outlying coefficients.

The labor productivity level in a country as measured by GDP per employee is the quan-
titatively most important influencing factor of productivity at the firm level. The impact of
market size, communication costs and knowledge acquisition costs on productivity differences

across countries is similar in magnitude. An increase in market size, or a decrease in communi-
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Table 6: Effect of covariates in standard deviations of dependent variable

Coeflicient range
Variables Main coefficient  Effect in SD Lower Upper
Log GDP 0.057 0.073 0.035 0.140
Log flight time -0.044 —-0.035 —-0.105  —0.015
Linguistic distance -0.071 —0.014  —0.286 —0.051
Time difference 0.020 0.060 0.014 0.042
Per pupil public expenditure 0.016 0.054 0.015 0.019
GDP per employee 0.207 0.275 0.144 0.234

Table lists coefficient from Table 4, column 2, the effect of an increase in the variable value by one standard deviation on
the dependent variable expressed in standard deviations and the coefficient range. The coefficient range is the second lowest
to the second largest coefficient to remove outliers. All coefficients are significant.

cation or knowledge acquisition costs by one standard deviation leads to an increase in foreign

productivity by around 0.05 standard deviations.

5.2 Cut-off productivity levels

The regression results for the cut-off productivity level are shown in Table 7. The minimum
domestic productivity of investors per sector in a country and year is used as cut-off productivity
measure in the upper panel, and the minimum global productivity of investors per sector, country
and year is used in the lower panel. Consistent with Hypothesis 2, the domestic productivity
of the least productive investor in a country increases in the communication costs between the
host country and the home country as measured by log flight time and linguistic distance. These
results confirm the predictions of the model. The generally high significance levels, usually 0.1%,
are reassuring, especially given that the number of observations is considerably smaller than in
the regressions at the firm level. The signs and significance levels are robust to the inclusion of
measures for the fixed costs of investment. The effect of flight time is still positive, but turns
insignificant if distance is included. The effect is significant at the 0.1% level once the costs
of starting a business are controlled for. Larger market size as measured by GDP decreases
the cut-off productivity level required for investment. The other covariates do not have robust
effects. Tables B.3 and B.4 in Appendix B demonstrate that the regression results are robust
to the inclusion of additional regressors and largely robust to using alternative measures for the

covariates, similar to the robustness checks in the previous subsection.
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Table 7: Regression results: cut-off productivity level

Domestic productivity 1 2 3 4 5 6
Log GDP —0.161*** —0.157*** —0.168* —0.165"** —0.163*** —0.182**
(0.017) (0.028) (0.059) (0.031) (0.028) (0.046)
Log flight time 0.155*** 0.210%** 0.321%* 0.214*** 0.032 0.442%*
(0.034) (0.056) (0.058) (0.061) (0.114) (0.088)
Linguistic distance 0.443** 0.404*** 0.404*** 0.389*** 0.404*** 0.485***
(0.105) (0.097) (0.092) (0.106) (0.111) (0.109)
Time difference to Germany 0.004 0.009 0.005 0.008 0.007 0.001
(0.007) (0.009) (0.012) (0.008) (0.008) (0.009)
GDP per employee —0.003 0.048 —0.015 0.015 0.111*
(0.035) (0.056) (0.040) (0.039) (0.051)
Per pupil public expenditure, 0.007 0.031* 0.006 0.002 0.035*
% GDP p.c. (0.011) (0.014) (0.012) (0.011) (0.014)
Log compensation per employee 0.027 0.027+
(0.025) (0.018)
Log costs of starting a business —0.027 0.066**
(0.030) (0.022)
Log time to start a business 0.010 0.0497
(0.034) (0.030)
Log distance 0.138 —0.066
(0.071) (0.053)
Constant 7.728*%* 6.410** 4.961** 6.574*** 6.438"** 4.318"**
(0.224) (0.558) (0.907) (0.637) (0.540) (0.734)
R-squared 0.308 0.325 0.394 0.330 0.327 0.394
Observations 11,469 8,280 4,708 8,000 8,280 4,527
Sector dummies Y Y Y Y Y Y
Year dummies Y Y Y Y Y Y
Global productivity 1 2 3 4 5 6
Log GDP —0.113*** —0.151*** —0.144* —0.149*** —0.155*** —0.139*
(0.016) (0.031) (0.054) (0.035) (0.031) (0.053)
Log flight time 0.154*** 0.233*** 0.294*** 0.216™** 0.098 0.547**
(0.036) (0.053) (0.058) (0.055) (0.154) (0.125)
Linguistic distance 0.202F 0.414*** 0.491%* 0.388** 0.409** 0.492%**
(0.153) (0.118) (0.101) (0.125) (0.134) (0.123)
Time difference to Germany —0.001 0.003 0.023 " 0.005 0.002 0.025
(0.007) (0.009) (0.016) (0.009) (0.009) (0.013)
GDP per employee 0.083 0.136* 0.078F 0.096 0.143
(0.044) (0.063) (0.052) (0.049) (0.068)
Public expenditure per pupil, 0.013% 0.035* 0.006 0.010 0.034*
% GDP p.c. (0.010) (0.013) (0.010) (0.010) (0.014)
Log compensation per employee —0.004 —0.007
(0.025) (0.019)
Log costs of starting business —0.028 0.021
(0.027) (0.025)
Log time to start business 0.023 0.070*
(0.033) (0.032)
Log distance 0.106 —0.175*
(0.114) (0.080)
Constant 2.347 4.191%* 3.166™* 4.538*** 417274 3.365%**
(0.256) (0.527) (0.815) (0.591) (0.518) (0.784)
R? 0.316 0.356 0.460 0.361 0.357 0.466
Observations 14,476 10, 309 5,512 9,939 10, 309 5,291
Sector dummies Y Y Y Y Y Y
Year dummies Y Y Y Y Y Y

Standard errors in parentheses. * p < 0.05, ** p < 0.01, *** p < 0.001.
Dependent variable: cut-off productivity - min(ln (domestic sales/domestic employees)) by country and sector group.
Covariate definitions: see Table 2.
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6 Discussion

The results on within-parent across-country differences in firm performance and the cut-off pro-
ductivity levels of foreign destinations obtained in the empirical analysis are consistent with the
model predictions. A given investor exhibits superior performance in large markets character-
ized by relatively low bilateral communication costs between the home country and the host
country, comparatively low knowledge acquisition costs, and relatively high labor productivity.
The cut-off productivity levels decrease in market size and increase in bilateral communication
costs. This evidence is indirect: the data do not contain information on the allocation of know-
ledge across countries which are the focus of the model mechanism. It is therefore a key concern
with respect to the empirical results whether they can really be attributed to the organization
of knowledge in multinational firms.

Two recent papers study the relation between the geographical distribution of establishments
and firm performance using U.S. data on national multi-establishment firms. Giroud (2013) finds
that investment in a plant increases after a new airline route between the firm’s headquarter
and the plant location is introduced. Kalnins and Lafontaine (2013) demonstrate that greater
distance of the establishment from the headquarters is associated with shorter establishment
survival. Both articles attribute their findings to monitoring problems and information asym-
metries between firm headquarters and establishments.

This paper proposes an alternative explanation to rationalize these empirical findings: new
airline routes and lower distance decrease communication costs between headquarters and plants,
which renders plants more productive and increases firms’ investment incentives. At the same
time, one could argue in the vein of Giroud (2013) that the empirical results in this paper
are driven by monitoring problems within multinational firms. The effect of flight time can
be rationalized using a model that features monitoring problems between production workers
and headquarter managers, variation in cross-border monitoring costs, and heterogeneity in
firms’ monitoring technology, for example along the lines of Qian (1994). If monitoring costs
are higher, a firm has to pay higher wages to implement the optimal effort level, so marginal
costs of production are higher. Thus, such a model would likewise generate lower within-firm
productivity in countries with higher cross-border monitoring costs. (A formal analysis of such
a model is sketched in Appendix D.)

Neither of the two mechanisms is susceptible to a direct test with the data available. While
we do not deny that monitoring is an important factor for efficient production, we are convinced
of the empirical relevance of the mechanism based on the organization of knowledge proposed
in this paper. Higher bilateral trust is likely to decrease monitoring costs. We find that commu-
nication costs are relevant even if bilateral trust is controlled for. In addition, we approximate
communication costs not only by flight time, but also using linguistic distance. At least with
respect to routine tasks, it is difficult to claim that monitoring problems are less easily mitigated
if the linguistic distance between the home country and the host country is larger. A supervisor’s
assessment of a worker’s performance depends on observing what the worker does, not what the
worker claims to do.

Finally, our knowledge-based mechanism is consistent with empirical evidence on sectoral
differences in the geographical concentration of foreign direct investment (Bahar, 2013, c.f. sec-
tion 2.3.2) and explains home country labor market effects of multinational activity. Only firms

with sufficiently high knowledge level z; > z! select into foreign direct investment, and they tend
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to pay higher wages than comparable domestic firms in the home country (c.f. Proposition 4). If
monitoring were the only driver behind the empirical patterns presented in the previous section,
the multinational firms should pay lower wages in the home country than comparable domestic
firms: to overcome higher cross-border monitoring costs, firms would have to dispose of a better
monitoring technology. Firms with better monitoring technology are able to implement optimal
effort levels with lower wage payments. Multinational parents are therefore unambigously pre-
dicted to pay lower wages than their domestic counterparts in the home country according to a

monitoring based model, which is at odds with the empirical evidence.

7 Conclusion

This paper studies the organization of knowledge in multinational firms. Multinational firms
are predicted to optimally allocate more knowledge to foreign countries characterized by higher
bilateral communication costs with the home country, higher labor productivity, lower wages
and lower knowledge acquisition costs. The distribution of productivities across countries within
German multinational firms is shown to be consistent with these predictions, as is the pattern
of cut-off productivity levels. In addition, both the home and host country multinational wage
premiums generated by the model are in line with the available empirical evidence.

The paper offers relevant insights for the design of investment promotion policies. Creating
well-paid, relatively knowledge intensive new jobs is one of the main targets of investment
promotion efforts (Javorcik, 2012). The results of this paper generally support the presumption
that employment in multinational affiliates is likely to be more knowledge intensive and better
paid than employment in domestic firms. In their efforts to reap these benefits, countries tend to
focus on investing in targeted information campaigns and a good investment climate in terms of
administration, governance and the education of their workforce. As this paper demonstrates,
targeted foreign language training and good communication infrastructures may be equally
relevant to foster FDI inflows, as they facilitate multinational enterprises’ task of efficiently

organizing across countries.
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