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Today’s Agenda

I Stylized facts about multinational firms (Antras and Yeaple, 2014).

I Determinants of horizontal FDI (Empirical evidence by Brainard
(1997) and a conceptual framework by Helpman (JEL 2006))

I A model on vertical FDI, based on concepts of imperfect contract
enforcement (Antras and Helpman, 2004).

I Technology spillover from foreign firms to local firms (Javorcik,
2004).

I How multinational firms transfer knowledge across border (Keller
and Yeaple, 2012).



Multinational firms have been largely overlooked in most
trade models

I In most trade models (including those we studied so far), production
is assumed to be undertaken in a country. Thus, trade involves only
final goods and there is no trade in intermediate inputs.

I Evidence suggests that firms frequently choose to serve foreign
markets through subsidiaries (often referred to as Horizontal FDI).

I Evidence also shows increasing fragmentation of intermediate input
production using foreign affiliates (often referred to as Vertical
FDI).

I Therefore, multinational corporations account for a significant
fraction of world trade, with trade in intermediate inputs between
various divisions of the same firms constituting an important and
increasing share of these flows.



Why should we care about multinational enterprises
(MNEs)?

Answer: Because they are important.

I Value added of all MNEs (including parent firms) was around 8 tr
USD in 1997, roughly 25% of world GDP.

I Excluding parent firms, about 10-12% of world GDP is accounted
for by foreign affiliates (in 2007).

I Also, 1/3 of the volume of world trade is intra-firm trade
(transactions that happen within MNE boundary).

I In 2004, 36.1% of total U.S. imports were intra-firm.

I About another one-third of world trade was accounted for by
transactions in which MNEs are on one of the two sides of the
exchange (71% of U.S. exports).

I The 700 largest MNEs account for roughly 50% of world R&D
spending and close to 70% of world business R&D spending.



Distribution of Worldwide Production of MNEsDomestic Production versus Worldwide Sales

Motivation 

Economics 1535: Lecture 18 3 

U.S. Exports
$1.57 trillion

Local Sales of 
Foreign Affiliates

$2.95 trillion

Foreign Affiliate 
Sales to 3rd Countries,
$1.47 trillion

How American Firms Serve Foreign Markets, 2009

 U.S. firms serve foreign markets mostly (75%) via 
foreign affiliate sales 
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I Source: Antras (2013) CREI talk



Distribution of Worldwide Production of MNEs

Domestic Production versus Worldwide Sales

Motivation 

• Less than 50% of Ford’s and Toyota’s production occurs in their countries of origin 

Economics 1535: Lecture 18 2 

North America 
47% 

South 
America 

9% 

Europe 
29% 

Asia Pacific 
Africa 
15% 

Share of Worldwide Production of Ford 

Japan 
44% 

North America 
18% 

Asia Pacific 
Africa 
27% 

South America 
3% 

Europe 
8% 

Share of Worldwide Production of Toyota 
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I Source: Antras (2013) CREI talk



Multinationals’ Presence in U.S. Trade

Multinationals in U.S. Trade
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I Source: Antras (2013) CREI talk



Share of Intrafirm Imports from Top Destinations

Variation in the Share of Intrafirm Trade across Countries
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I Source: Antras (2013) CREI talk



Variations in the Share of Intrafirm Trade across Industries

Variation in the Share of Intrafirm Trade across Industries
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I Source: Antras (2013) CREI talk



Six Stylized Facts about Multinational Firms (Antras and Yeaple,
Handbook of International Economics 2014)



Fact 1: MNEs are highly concentrated in developed
countries.

Multinational activities are concentrated in developed countries on both
ends of FDI relationships. Developing countries are more likely to be the
recipient of FDI rather than the source.

Stylized Facts About Multinational Activity: #1

Fact One: Multinational activity is primarily concentrated in developed
countries where it is mostly two-way. Developing countries are more likely to
be the destination of multinational activity than the source
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Figure: Aggregate FDI Stocks and Development
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Fact 2: Share of intrafirm imports is increasing in
countries’ capital abundance

Stylized Facts About Multinational Activity: #1
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y = − 0.485  +  0.075 x
(0.117)     (0.011)

R2 = 0.214

Figure: Share of U.S. Intrafirm Imports and Physical Capital Abundance
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Fact 3: Share of intrafirm imports is increasing in sectors’
capital and R&D intensities.Stylized Facts About Multinational Activity: #2

Fact Two: The relative importance of multinationals in economic activity is
higher in capital intensive and R&D intensive goods, and a significant share
of two-way FDI flows is intraindustry in nature
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Figure: The Share of Intrafirm Imports, Capital Intensity and R&D Intensity
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Fact 4: Like bilateral trade, MNEs’ activities are
decreasing in distance between countries.

The production of the foreign affiliates of multinationals is decreasing in
distance (from the host country), but at a slower rate than aggregate
trade (both imports and exports)

Stylized Facts About Multinational Activity: #3

Fact Three: The production of the foreign affi liates of multinationals falls
off in distance, but at a slower rate than either aggregate exports or parent
exports of inputs to their affi liates
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Fact 5: MNEs’ headquarters tend to be associated with
better performance.

Stylized Facts About Multinational Activity: #4

Fact Four: Both the parents and the affi liates of multinational firms tend to
be larger, more productive, more R&D intensive and more export oriented
than non-multinational firms

Table 3. U.S. Parent Firms Percent Shares of US Activities

Manufacturing All Industries

Enterprises 0.4 0.04
Value Added 62.3 17.6
Employment 58.2 16.9
R&D Expenditure 72.1 69.2
Exports 44.4 54.7

Source: Barefoot and Mataloni (2011), U.S. Census
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Fact 5: MNEs’ headquarters tend to be associated with
better performance (cont’)Stylized Facts About Multinational Activity: #4

Table 4. Affi liates Relative to Local Firms

Finland France Ireland Holland Poland Sweden

Enterprises 1.6 2.0 13.4 3.4 16.0 2.8
Employment 17.2 26.2 48.0 25.1 28.1 32.4
Sales 16.2 31.8 81.1 41.1 45.2 39.9
R&D Expenditure 13.1 27.4 77.3 35.8 20.9 52.0
Exports 17.5 39.5 92.3 60.0 69.1 45.8

Source: OECD (2007).
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Fact 6: MNEs’ headquarters focus on R&D and other high
value-added activities.

Within multinational enterprises, parents are relatively specialized in
R&D while affiliates are primarily engaged in selling goods in foreign
markets (both the host market and third markets).

Stylized Facts About Multinational Activity: #5

Fact Five: Within multinational enterprises, parents are relatively specialized
in R&D while affi liates are primarily engaged in selling goods in foreign
markets, particularly in their host market.

Table 5. Share of US Multinational Activity Due to Parent Firms

1999 2009

Sales 74 65
Value Added 78 68
Employment 75 68
R&D Expenditure 87 84

Source: BEA
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Determinants of Horizontal FDI



Helpman (06): Trade, FDI, and the Organization of Firms

I A simplified version of Melitz (2003).

I A firm’s profit from domestic sales

πD (Θ) = ΘB − cfD ,

where Θ is some function of the firm’s productivity and B captures
the level of market demand at home and factor prices (e.g. wages).

I Profit from exports

πX (Θ) = τ 1−εΘB∗ − cfX ,

where B∗ captures the level of foreign market demand and local
factor prices.

I Profit from horizontal FDI

πI (Θ) = ΘB∗
I − cfI ,

where B∗
I captures the level of foreign market demand and foreign

factor prices



Firms’ decisions

I Intuitive assumptions of the ranking of fixed costs:

fD < fX < fI598 Journal of Economic Literature, Vol. XLIV (September 2006) 

Figure 3. Multinationals, Exporting, and Nonexporting Firms 

technology H or a traditional technology L, as 
in Yeaple (2005). The advanced technology 
requires higher fixed costs, so that fDH >fDL 
and fxH >fxL, but its advantage is that is has 
lower variable costs, so that variable unit costs 
are caH/6 if the firm uses technology H and 
caL/O if the firm uses technology L, a, < aL. 
With suitable restrictions on these parame- 
ters, a firm with productivity below a cutoff 
ED exits the industry because all choices 
afford it negative operating profits, a firm 
with productivity between OD and 0XL uses 
technology L to serve the domestic market 
only, a firm with productivity between OxL 
and 0XH uses technology L to serve the 
domestic market and to export, and a firm 
with productivity above OxH uses technology 
H to serve the domestic market and to export. 
Naturally, OXH > OXL> OD. In other words, 
more productive firms use the more 
advanced technology but some low- 
productivity exporters use the traditional 
technology. This sorting pattern is consistent 
with Bustos's data. 

Now consider multilateral trade liberaliza- 
tion, which reduces trading costs to 

Argentinian firms. This raises the operating 
profits of all exporters, but proportionately 
more so from the use of the advanced tech- 
nology if an exporter's productivity is close to 

OXH. As a result, OXH declines, and some 
exporters who used technology L switch to 
H, while exporters who used the better tech- 
nology have no incentive to switch to tech- 
nology L. Firms that serve only the domestic 
market also have no incentive to switch tech- 
nologies, and they keep using technology L. 
The model therefore predicts that only firms 
with intermediate productivity levels 
upgrade their technology in response to 
trade liberalization. And indeed, Bustos 
finds an inverted U shaped relationship 
between productivity and technology 
upgrading in Argentina.31 

31 Bustos (2005) also examines skill upgrading, which is 

positively correlated with the upgrading of technology. She 
finds that of the 17 percent rise in the demand for skilled 
workers after trade liberalization, 15 percent took place 
within firms in each of three skill categories: production, 
nonproduction, and R&D workers. Since she has data on 
the education level of workers within each one of these 
skill categories, she measures skill upgrading as the rise in 

average years of schooling. 
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Brainard (AER 1997)
”An Empirical Assessment of the Proximity-Concentration Trade-off Between
Multinational Sales and Trade”

I A pioneering study on the determinants of horizontal FDI versus
exporting.

I Proposes an econometric model in which the share ln(Exp/(MNE
affiliate sales + Exp)) is regressed on:

I industry and country-specific measures of trade costs, and
I industry measures of plant-specific and firm-specific economies

of scale.
I control variables of the importing country j , such as GDP per

capita, corporate tax rates, openness to trade, openness to
FDI;

I Specification:

ln

(
EX j

m

FDI jm + EX j
m

)
= α + β1Freight jm + β2Tariff j

m + β3GDP Diff j

+β4Tax j + β5Trade j + β6FDI j +

+β7PlantSCm + β8FirmSCm + εjm,

where m indexes country and j indexes industry.



Empirical Results (Brainard, AER 1997)

I For each industry, measures plant-level economies of scale by the
number of production employees in the median US plant (in terms
of value added)

I For each industry, measures firm-level economies of scale by the
number of nonproduction workers in the average US-based firm.

I Finds that these two variables have opposite effects on the ratio of
exports to total sales abroad.

I The coefficient on the difference in GDP per capita between the
foreign country and the U.S. is positive and significant

I Perhaps Brainard is unintentionally testing both horizontal and
vertical FDI at the same time?



Empirical Results (Brainard, AER 1997)Brainard (1997): Empirical Results
530 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1997 

TABLE 1-EXPORT SHARES (DEPENDENT VARIABLE = EXSH) 

Country random Industry random Country random Industry random 
Independent OLS effects effects OLS effects effects 
variable (i) (ii) (iii) (iv) (v) (vi) 

FREIGHT -0.2451 -0.2009 -0.1264 -0.2717 -0.2852 -0.1228 
(-5.429) (-3.996) (-2.672) (-4.578) (-4.813) (-1.767) 

TARIFF -0.274 -0.2814 -0.0872 -0.3707 -0.3895 -0.1644 
(-6.239) (-5.666) (-2.038) (-7.447) (-7.259) (-3.412) 

PWGDP 0.330 0.3231 0.1922 0.2958 0.3050 0.1461 
(4.272) (2.371) (2.909) (3.747) (2.677) (2.122) 

TAX -1.335 -1.3566 -0.9853 -0.5695 -0.5787 -0.2150 
(-4.882) (-2.809) (-4.258) (-1.795) (-1.223) (-0.792) 

TRADE 1.9114 1.9395 2.1306 1.6558 1.5841 1.8477 
(7.416) (4.149) (9.887) (6.305) (4.035) (8.262) 

FDI -2.6163 -2.6302 -2.8126 -0.8343 -0.8502 -0.9120 
(-9.264) (-5.077) (-11.944) (-1.810) (-1.219) (-2.334) 

PSCALE 0.1345 0.1331 0.1087 
(2.735) (2.728) (0.941) 

CSCALE -0.2726 -0.2734 -0.2291 
(-4.656) (-4.722) (-1.587) 

ADJ -0.0313 -0.0177 -0.0367 
(-0.156) (-0.069) (-0.188) 

LANG -0.1767 -0.1459 -0.2707 
(-1.803) (-0.998) (-3.223) 

EC -0.8107 -0.7808 -0.8165 
(-5.933) (-3.823) (-7.040) 

COUP 0.6247 0.6486 0.5632 
(2.624) (1.805) (2.788) 

Constant 3.6903 3.9210 3.5633 -4.7336 -4.4334 -5.1163 
(2.212) (1.281) (2.554) (-2.042) (-1.270) (-2.535) 

Number of 
observations 1,159 1,159 1,159 1,035 1,035 1,035 

Adjusted R2 0.118 0.040 0.080 0.233 0.140 0.180 
X 2 1.8446 23.425 4.8503 22.154 
P 0.933 0.001 0.963 0.036 

Notes: The table reports estimates of equation (3); t values are reported in parentheses. All variables are in logs. Sample- 
size differences reflect missing data. 

set of independent variables. The coefficients 
on freight factors, tariffs, and the two open- 
ness variables have the predicted signs and 
are significant in both share equations. Simi- 
larly, the coefficient on the per-worker in- 
come differential is consistently negative and 
significant, suggesting that affiliate sales are 
better explained by factor-proportions simi- 
larities than are exports. However, the coef- 
ficient on the tax variable consistently 
diverges from the predicted sign and is sig- 
nificant. Both scale variables have the pre- 
dicted signs and are significant, and all four 
country variables have the predicted signs in 
column (iii), although the adjacency and EC 
dummies are only marginally significant. In 

addition, the country variables again interact 
with the FDI openness index and taxes, low- 
ering both by half. 

Column (ii) of Table 2 reports the probit 
equation excluding the scale and country vari- 
ables, while column (iv) reports the probit 
equation with the full set of independent vari- 
ables. In both cases, the dependent variable is 
a dummy indicating that affiliate sales exist, 
OUTD"> The probit equations add destination- 
market income, GDPi, and industry R&D, 
RD', to the group of independent variables 
since these variables are likely to be more im- 
portant determinants of the presence of mul- 
tinational activities than of their share. In most 
respects, the presence of affiliate sales is sim- 
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The Incomplete Contracts Approach to Study the Determinants of
Vertical FDI



Helpman (JEL 2006)

I Contracts are incomplete (from Lecture 3).

I Firms’ optimal responses to contractual frictions:

I Where to produce? (Slicing up the value chain, such as R&D
and product development, parts and components production,
assembly, etc. in different countries)

I Extent of control that firms exert over different production
stages:

I Should these production stages be kept within firm
boundaries?

I Should they be contracted out to suppliers or assemblers?



Helpman (JEL 2006) Section 3

I Based on Antras and Helpman (2004).

I Ideas: Two-stage game. The final-good producer (in the North, e.g.
U.S.) has to decide

I whether to produce the intermediate inputs in-house or
outsource it to another firm

I If outsourcing turns out to be optimal, the firm decides
whether to outsource it to a firm in the North or the South.

I Different organizational modes are associated with

I Different bargaining power for the supplier and the final-good
producer. Bargaining power is higher if the final-good producer
owns and controls the supplier, through vertical integration.

I Different fixed costs: production in the South and vertical
integration respectively are associated with higher fixed costs
(e.g. overhead, management costs).



Helpman (JEL 2006) Section 3

I The idea that control over another firm’s asset can enhance the
bargaining power of the controlling firm is the key of the
Property-rights Theory of the Firm.

I What kind of final-good producer would prefer to vertically
integrate with the supplier? and produce in the South?



Helpman (JEL 2006) Section 3

I Cost structures aside, organizational mode of production depends
on the (intrinsic) characteristics of the industry.

I For example, in R&D intensive sector (e.g., pharmaceutical
companies), the headquarter firm’s pre-production investment
accounts for a big part of the production cost.

I If the supplier deviates from ex-ante agreements or expectations,
the final-good supplier could suffer a big loss (esp when investments
are sunk and relationship-specific).

I Antras and Helpman (2004) call this the ”hold-up” problem.

I The party that has a larger share of ex-ante investment in the joint
production unit is relatively more vulnerable to hold-up, and thus
deserves a higher level of protection by having a larger bargaining
power, through vertical integration.



Helpman (JEL 2006) Section 3

I Antras and Helpman (2004) embed the two-stage bargaining game
and differentiated sectors in the Melitz (2003) heterogeneous-firm
model.

I Production function in each sector takes the Cobb-Douglas form,
and differs in headquarter-input intensity (like R&D, capital, skill
intensity).

I Predictions: Firms with different productivities will optimally sort
themselves into one of the four production modes (conditional on
survival):

I Outsourcing in the North (Domestic outsourcing)
I Outsourcing in the South (Offshoring)
I Vertical integration with suppliers in the North (Domestic

M&A)
I Vertical integration with suppliers in the South (Vertical FDI)



Antras and Helpman (2004)
Predictions in a Graph
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Fig. 4.—Equilibrium in the headquarter-intensive sector

depicted in figure 3—as the benchmark case. In this event the free-
entry condition (11), together with (6) and (8), imply

N N S Nw (h)[V(v ) � V(v )] � w (h)[V(�) � V(v )]O MO M O MON (a�m)/(1�a)w X p , (13)N N S Nf � f [G(v ) � G(v )] � f [1 � G(v )]E O MO M O MO

where

v

a/(1�a)V(v) p y dG(y).�
0

Equations (12) and (13) provide implicit solutions for the cutoffs vM

and and for the aggregate consumption index X.NvMO

We next consider a sector with high headquarter intensity h, such
that . We refer to it as a headquarter-intensive sector. A sector∗ Nb (h) 1 bV

of this type is represented by in figure 1. In this sector, profitsh p hH

are increasing in , as shown by the arrows in the figure. In a head-lbk

quarter-intensive sector, the marginal product of headquarter services
is high, making underinvestment in h especially costly and integration
especially attractive. This is reflected in the slopes of the profit lines in
figure 4; is steeper than for , because .l l l lp p l p N, S w (h) 1 w (h)V O V O

Next compare the slopes of and . On the one hand, integrationN Sp pV O

gives the final-good producer a larger fraction of the revenue, making



Antras and Helpman (2004)
Sorting of Firms based on Productivity
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Fig. 2.—Organizational forms

high-productivity firms outsource components in the South, low-pro-
ductivity firms outsource them in the North, and the least productive
firms exit. On the other hand, integration takes place in headquarter-
intensive sectors (i.e., high h). The most productive firms integrate in
the South and somewhat less productive firms outsource in the South.
Firms with even lower productivity acquire components in the North,
and among them the more productive integrate and the less productive
outsource. The least productive firms exit. Note that surviving firms with
the lowest productivity outsource in the North in all sectors. And more
generally, less productive firms acquire components in the North
whereas more productive firms acquire them in the South.

We now derive these results. First consider a sector with low head-
quarter intensity h, such that ; we refer to it as a∗ N Sb (h) ! b p b p bO O

component-intensive sector. This case is depicted in figure 1 by h p
, where the arrows indicate the direction in which profits rise withhM

changes in ; that is, the profit function is decreasing in . In thisl l lb p (7) bk k k

type of sector, H prefers outsourcing to insourcing in every country l,
because outsourcing has lower fixed costs and it gives H a lower fraction
of the revenue. Under these circumstances, integration is not an optimal
strategy. In choosing between domestic and foreign outsourcing, how-
ever, H trades off the lower variable costs of southern manufacturing
against the lower fixed organizational costs in the North. Depending
on whether the cross-country difference in the wage rate is small or
large relative to the cross-country difference in the fixed organizational
costs, the resulting equilibrium can have outsourcing in both countries
or outsourcing in the South only.

Figure 3 depicts the first case, in which the wage differential is small
relative to the fixed-cost differential, that is, .N S S N (1�a)/a(1�h)w /w ! ( f /f )O O

The variable is measured along the horizontal axis and operatinga/(1�a)v

profits are measured along the vertical axis. It is evident from (6) that
the operating profit function is linear in , and it has thel a/(1�a)p (7) vk

intercept . The slope of this function is proportional to . ItN l l�w f w (h)k k

follows that the profit line in figure 3 is steeper than the profit lineSpO

, because wages are lower in the South.NpO

Firms with productivity below expect negative profits under allvM

organizational forms. Therefore, they exit the industry. Firms with pro-



Javorcik (AER 2004) - Does Foreign Direct Investment
(FDI) generate positive knowledge spillover to domestic
firms?

I Goal: study whether foreign invested firms spill over knowledge to
local firms, and thus raise their productivities.

I Results: Find evidence of positive spillover, sometimes within the
same industry, but always across industries (through input-output
linkages).

I Regression specification:

early 1990’s. Further, a high level of aggrega-
tion in the industry classification (NACE two-
digit) and the fact that the data set pertains to
firms rather than plants also works against find-
ing a significant spillover effect.

C. Estimation Strategy

To examine the correlation between firm pro-
ductivity and FDI in the same industry or other
sectors, an approach similar to that taken by
earlier literature is followed and several varia-
tions of the following equation are estimated

(1)

ln Yijrt � � � �1ln Kijrt � �2ln Lijrt � �3ln Mijrt

� �4 Foreign Shareijrt � �5 Horizontaljt

� �6 Backwardjt � �7 Forwardjt

� �t � �r � �j � �ijrt .

Yijrt stands for the real output of firm i operating
in sector j and region r at time t, which is
calculated by adjusting the reported sales for
changes in inventories of finished goods and
deflating the resulting value by the Producer
Price Index for the appropriate two-digit NACE
sector. Kijrt, capital, is defined as the value of
fixed assets at the beginning of the year, de-
flated by the simple average of the deflators for
five NACE sectors: machinery and equipment;
office, accounting, and computing machinery;
electrical machinery and apparatus; motor vehi-
cles, trailers, and semi-trailers; and other trans-
port equipment. Since in the data set it is
impossible to distinguish between skilled and
unskilled workers, labor is expressed in terms of
efficiency units, which are computed by divid-
ing the wage bill by the minimum wage (Lijrt).

14

Mijrt, materials, are equal to the value of mate-
rial inputs adjusted for changes in material in-
ventories, deflated by an intermediate inputs
deflator calculated for each sector based on the
input-output matrix and deflators for the rele-
vant industries. Finally, Foreign Shareijrt mea-

sures the share of firm’s total equity owned by
foreign investors.

Turning to proxies for spillovers, Horizontaljt
captures the extent of foreign presence in sector
j at time t and is defined as foreign equity
participation averaged over all firms in the sec-
tor, weighted by each firm’s share in sectoral
output.15 In other words,

(2) Horizontaljt

� � �
i for all i � j

Foreign Shareit � Yit�� �
i for all i � j

Yit .

Thus, the value of the variable increases with
the output of foreign investment enterprises and
the share of foreign equity in these firms.

Backwardjt is a proxy for the foreign pres-
ence in the industries that are being supplied by
sector j. It is intended to capture the extent of
potential contacts between domestic suppliers
and multinational customers. It is defined fol-
lowing Blalock, and Schoors and van der Tol
as:16

(3) Backwardjt � �
k if k � j

�jk Horizontalkt

where �jk is the proportion of sector j’s output
supplied to sector k taken from the 1996 input-
output matrix at the two-digit NACE level. The
proportion is calculated excluding products sup-
plied for final consumption but including im-
ports of intermediate products.17 As the formula

14 This approach was pioneered by Zvi Griliches and
Vidar Ringstad (1971) and more recently used by James
Tybout et al. (1991). Note that defining employment as the
number of workers yields similar results.

15 This definition is analogous to that in Aitken and
Harrison, who use employment as weights. Schoors and van
der Tol as well as Blalock employ output weights but do not
take into account the share of foreign equity, treating as
foreign total output of firms with at least 10 or 20 percent
foreign equity, respectively.

16 To illustrate the meaning of the variable, suppose that
the sugar industry sells half of its output to jam producers
and half to chocolate producers. If no multinationals are
producing jam but half of all chocolate production comes
from foreign affiliates, the Backward variable will be cal-
culated as follows: 1⁄2 � 0 � 1⁄2 � 1⁄2 � 0.25.

17 Since relationships between sectors may change over
time (although a radical change is unlikely), using multiple
input-output matrices would be ideal. Unfortunately, input-
output matrices for later years are unavailable. Similarly,
while employing a matrix excluding imports would be pref-
erable, such a matrix does not exist. Thus, the results should
be interpreted with these two caveats in mind.
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Javorcik (2004) - 3 measures of FDI Source
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deflator calculated for each sector based on the
input-output matrix and deflators for the rele-
vant industries. Finally, Foreign Shareijrt mea-
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foreign investors.

Turning to proxies for spillovers, Horizontaljt
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j at time t and is defined as foreign equity
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tor, weighted by each firm’s share in sectoral
output.15 In other words,

(2) Horizontaljt
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i for all i � j

Foreign Shareit � Yit�� �
i for all i � j
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Thus, the value of the variable increases with
the output of foreign investment enterprises and
the share of foreign equity in these firms.

Backwardjt is a proxy for the foreign pres-
ence in the industries that are being supplied by
sector j. It is intended to capture the extent of
potential contacts between domestic suppliers
and multinational customers. It is defined fol-
lowing Blalock, and Schoors and van der Tol
as:16

(3) Backwardjt � �
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where �jk is the proportion of sector j’s output
supplied to sector k taken from the 1996 input-
output matrix at the two-digit NACE level. The
proportion is calculated excluding products sup-
plied for final consumption but including im-
ports of intermediate products.17 As the formula

14 This approach was pioneered by Zvi Griliches and
Vidar Ringstad (1971) and more recently used by James
Tybout et al. (1991). Note that defining employment as the
number of workers yields similar results.

15 This definition is analogous to that in Aitken and
Harrison, who use employment as weights. Schoors and van
der Tol as well as Blalock employ output weights but do not
take into account the share of foreign equity, treating as
foreign total output of firms with at least 10 or 20 percent
foreign equity, respectively.

16 To illustrate the meaning of the variable, suppose that
the sugar industry sells half of its output to jam producers
and half to chocolate producers. If no multinationals are
producing jam but half of all chocolate production comes
from foreign affiliates, the Backward variable will be cal-
culated as follows: 1⁄2 � 0 � 1⁄2 � 1⁄2 � 0.25.

17 Since relationships between sectors may change over
time (although a radical change is unlikely), using multiple
input-output matrices would be ideal. Unfortunately, input-
output matrices for later years are unavailable. Similarly,
while employing a matrix excluding imports would be pref-
erable, such a matrix does not exist. Thus, the results should
be interpreted with these two caveats in mind.

612 THE AMERICAN ECONOMIC REVIEW JUNE 2004

early 1990’s. Further, a high level of aggrega-
tion in the industry classification (NACE two-
digit) and the fact that the data set pertains to
firms rather than plants also works against find-
ing a significant spillover effect.

C. Estimation Strategy

To examine the correlation between firm pro-
ductivity and FDI in the same industry or other
sectors, an approach similar to that taken by
earlier literature is followed and several varia-
tions of the following equation are estimated

(1)

ln Yijrt � � � �1ln Kijrt � �2ln Lijrt � �3ln Mijrt

� �4 Foreign Shareijrt � �5 Horizontaljt

� �6 Backwardjt � �7 Forwardjt

� �t � �r � �j � �ijrt .

Yijrt stands for the real output of firm i operating
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deflator calculated for each sector based on the
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sures the share of firm’s total equity owned by
foreign investors.
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der Tol as well as Blalock employ output weights but do not
take into account the share of foreign equity, treating as
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foreign equity, respectively.

16 To illustrate the meaning of the variable, suppose that
the sugar industry sells half of its output to jam producers
and half to chocolate producers. If no multinationals are
producing jam but half of all chocolate production comes
from foreign affiliates, the Backward variable will be cal-
culated as follows: 1⁄2 � 0 � 1⁄2 � 1⁄2 � 0.25.

17 Since relationships between sectors may change over
time (although a radical change is unlikely), using multiple
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while employing a matrix excluding imports would be pref-
erable, such a matrix does not exist. Thus, the results should
be interpreted with these two caveats in mind.
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indicates, inputs supplied within the sector are
not included, since this effect is already cap-
tured by the Horizontal variable.18 The greater
the foreign presence in sectors supplied by in-
dustry j and the larger the share of intermediates
supplied to industries with a multinational pres-
ence, the higher the value of the variable.

The Forward variable is defined as the
weighted share of output in upstream (or sup-
plying) sectors produced by firms with foreign
capital participation. As only intermediates sold
in the domestic market are relevant to this
study, goods produced by foreign affiliates for
exports (Xit) are excluded. Thus, the following
formula is used:

(4) Forwardjt

� �
m if m � j

�jm�� �
i for all i � m

Foreign Shareit

� �Yit � Xit ���� �
i for all i � m

�Yit � Xit���
where �jm is the share of inputs purchased by
industry j from industry m in total inputs
sourced by sector j. For the same reason as
before, inputs purchased within the sector are
excluded. The value of the variable increases
with the share of foreign affiliates in the (do-
mestically sold) output of upstream sectors.

The proxies for horizontal and vertical link-
ages are time-varying sector-specific variables.
While the coefficients taken from the input-
output table remain fixed, changes in level of
foreign investment and firm output are observed
during the period in question. Table 2 lists the
values of all three measures in the last year of
the sample, 2000.

There is significant variation across sectors
and time in all variables. For instance, the value
of Horizontal ranges from 71.5 percent in other
transport equipment and 65 percent in electrical
equipment and apparatus to 6.6 percent in
leather and leather products. The average value
increases from almost 12 percent in 1996 to
over 31 percent in 2000. Similarly, the value of

the Backward variable rises from 3.6 percent in
1996 to 6 percent in 1998 and 8.1 percent in
2000. The highest value is registered in pulp,
paper, and paper products (17 percent), basic
metals (16.7 percent), and radio, TV, and com-
munications equipment (14.4 percent), while
the lowest (0.2 percent) is in manufacturing
other transport equipment. The Forward proxy
ranges from 25.6 percent in manufacturing
wearing apparel to 1.65 percent in manufactur-
ing textiles. Again, the Forward variable in-
creases over time, from 3.3 percent in the first
year to 13.1 percent in the last year. See Tables
3 and 4 for more details on summary statistics.

Figures 2 through 4 present changes in the
value of all spillover variables in each sector
between 1996 and 2000. It is worth noting that
seven industries registered a rise in the Back-
ward measure of more than 5 percentage points,
while a further 10 sectors experienced an in-
crease of more than 2 percentage points. The
largest change was observed in textiles, pulp
and paper, and wood, as well as rubber and
plastics. In the case of the Horizontal variable,
the changes were even more pronounced, with
13 industries experiencing an increase of over
10 percentage points, and motor vehicles lead-
ing the ranking. Apparel, metal products, and
office machinery, on the other hand, saw the
greatest change in the Forward measure.

In an exploratory regression, the model de-
scribed above is estimated using ordinary least
squares (OLS) with White’s correction for het-
eroskedasticity. A firm’s output is the depen-
dent variable, and explanatory variables include
capital, labor, materials, foreign equity share,
and proxies for FDI spillovers operating
through horizontal, backward, and forward
channels. Since knowledge externalities from
the foreign presence may take time to manifest
themselves, two specifications are employed:
one with contemporaneous and one with lagged
spillover variables. The estimation is performed
on the full sample and on the sample of domes-
tic firms only.19 The model includes fixed ef-
fects for years (4), industries (19), and regions
(9). The results in Table 5 indicate that firms
with foreign capital tend to be more produc-
tive than purely Lithuanian firms. And, more

18 Including the share of intermediates supplied within
the sector in the Backward measure does not change the
conclusions with respect to the correlation between firm
productivity and foreign presence in the sourcing sectors.

19 Domestic firms are defined as those with less than 10
percent foreign equity.
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Evidence of positive knowledge spillover from FDI

I Based on an unbalanced panel of manufacturing firms from
Lithuania over 5 years (1996-2000):

as well as a full set of fixed effects for year,
industry, and region. In addition to removing
any fixed firm-specific unobservable variation,
differencing will remove fixed regional and in-
dustrial effects, such as infrastructure and tech-
nological opportunity. Time, industry, and
regional dummy variables, on the other hand,
will control for unobservables that may be driv-

ing changes in, for instance, attractiveness of a
particular region or industry.22 Thus the speci-
fication becomes

22 In this case the fixed effect for region r captures not
just the fact that region r is an attractive business location
but also the fact that its attractiveness is changing over time.

FIGURE 4. CHANGE IN FORWARD VARIABLE 1996–2000

TABLE 5—OLS WITH LAGGED AND CONTEMPORANEOUS SPILLOVER VARIABLES

All firms Domestic All firms Domestic

Foreign share 0.0025*** 0.0025***
(0.0002) (0.0003)

Backward 0.0105** 0.0086*
(0.0048) (0.0051)

Backward lagged 0.0173*** 0.0177***
(0.0060) (0.0066)

Forward �0.0030 0.0001
(0.0024) (0.0027)

Forward lagged �0.0029 �0.0007
(0.0040) (0.0044)

Horizontal 0.0029** 0.0040***
(0.0013) (0.0014)

Horizontal lagged 0.0038* 0.0046**
(0.0021) (0.0023)

Intercept 5.2323*** 5.2082*** 5.1599*** 5.1582***
(0.0805) (0.0876) (0.1007) (0.1108)

Number of observations 11,630 10,216 8,214 7,118
R2 0.93 0.92 0.93 0.92

Notes: Robust standard errors are presented in parentheses. The dependent variable is ln firm
output. Each regression includes ln capital stock, ln effective employment, and ln materials as
well as industry, region, and year fixed effects.

* Significant at the 10-percent level.
** Significant at the 5-percent level.

*** Significant at the 1-percent level.
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Partial foreign ownership is associated with stronger
vertical FDI spillover

I A firm is defined as fully foreign owned if its foreign equity share is
99% or above; otherwise partially owned (10%-99% for ety shr).

(16) Backward �Full Ownership�jt

� �
k if k � j

�jk � �� �
i for all i � k

WOSit

� Foreign Shareit � Yit�
� �

i for all i � k

Yit�
where WOS is a dummy for wholly owned
subsidiaries. It is equal to one for firms with the
share of foreign capital equal to at least 99
percent.30 The measure for partially owned in-

vestments (those with foreign capital participa-
tion above 10 but below 99 percent) is defined
in an analogous manner.

The results shown in Table 8 support the
hypothesis. A significant and positive correla-
tion is found between changes in output of
domestic firms and backward linkages associ-
ated with partially foreign-owned projects but
not wholly foreign-owned affiliates. The differ-
ence between the magnitudes of the two coef-
ficients is statistically significant in three out of
four cases (in the case of the full sample, at the
1-percent level). These findings are consistent
with the observation that projects owned jointly
by domestic and foreign entities are more likely
to source locally, thus creating greater scope
for spillovers to firms operating in upstream
sectors.

The other variables exhibit patterns similar to
those observed in the previous table. The only
exception is the Forward measure, which ap-
pears to be negative and statistically significant
in three out of four cases, suggesting that for-

30 There are 342 observations pertaining to fully owned
foreign affiliates and a further 35 observations for firms with
foreign capital share between 99 and 100 percent. Together
they constitute 27 percent of all observations pertaining to
firms with foreign capital participation.

TABLE 8—SHARE OF FOREIGN OWNERSHIP AND PRODUCTIVITY SPILLOVERS

Regressions in first differences

All Domestic

Olley-Pakes Method

All Domestic

Foreign share 0.0006 0.0010
(0.0007) (0.0007)

Backward (Partial Ownership) 0.0444*** 0.0394*** 0.0499*** 0.0401**
(0.0085) (0.0096) (0.0146) (0.0190)

Backward (Full Ownership) 0.0040 0.0154 0.0020 0.0090
(0.0110) (0.0133) (0.0171) (0.0223)

Forward �0.0053* �0.0074** �0.0066 �0.0121*
(0.0030) (0.0032) (0.0053) (0.0062)

Horizontal �0.0009 �0.0009 �0.0025 �0.0026
(0.0012) (0.0012) (0.0024) (0.0023)

H4 0.0000 0.0000 0.0001*** 0.0001***
(0.0000) (0.0000) (0.0000) (0.0000)

Demand 0.6181*** 0.6817*** 0.3794 0.5427**
(0.1778) (0.1825) (0.2810) (0.2698)

Number of observations 6,853 5,916 3,765 3,084
R2 0.49 0.49 0.08 0.08
F-stat (BKFO � BKPO) 12.01 2.91 6.41 1.68
Prob F � 0 0.00 0.09 0.01 0.20

Notes: Standard errors in parentheses have been corrected for clustering for each industry in
each year. In the regressions without the Olley-Pakes correction, the dependent variable is �
ln firm output and the right-hand side includes � ln capital stock, � ln labor, and � ln
materials. In models employing the Olley-Pakes procedure, the dependent variable is � ln
total factor productivity. All regressions include industry, region, and year fixed effects.
BKFO � Backward (Full Ownership); BKPO � Backward (Partial Ownership).

* Significant at the 10-percent level.
** Significant at the 5-percent level.

*** Significant at the 1-percent level.
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Keller and Yeaple - The Gravity of Knowledge (AER 2014)

I Questions: How trade costs affect the ways multinational firms
transfer knowledge to foreign affiliates, and thus the gravity of
multinational sales.

I In the model, production requires a continuum of inputs, which vary
in knowledge intensity.

I Multinational firms can transfer knowledge to their foreign affiliates
in either embodied (traded intermediates) or disembodied form
(direct communication).

I Direct transfer of (non-codified) knowledge requires communication,
which cost is increasing in the knowledge intensity of inputs.

I Variable costs of trade of intermediates are increasing in distance.

I Implications: Remote countries will get not only less trade, but also
less multinational sales and (inferred) knowledge flows.



Predictions

I Hypothesis 1: The percentage rate of decline of the share of inputs
imported from the home country in total costs as trade costs
increase is slower in relatively knowledge-intensive industries.

I Reasons: As knowledge-intensive communication is more costly,
firms find it harder to substitute away from trade of
knowledge-intensive intermediates, even when trade costs increase.

I Hypothesis 2: Holding fixed the demand level, the percentage rate
of the decrease in affiliates’ local revenues as trade costs increase is
faster in more knowledge-intensive industries.

I Reasons: As trade costs increase, substitution to direct
communication is more costly, thus raising total costs more and
hurting sales.



Regression Specifications

I To test Hypothesis 1:
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the result that import cost shares and sales are declining in trade costs, which could 
be simply due to cultural or taste differences increasing with distance from home. 
The main empirical implications for imports and sales as a function of knowledge 
intensity, based on Propositions 1 and 2, are summarized as follows.

HYPOTHESIS 1: The percentage rate of decline of the share of inputs imported 
from the home country in total costs (I M  jk  i

  /T C  jk  i
  ) as trade costs ( τ  jk  i

  ) increase is 
slower in relatively knowledge-intensive industries (high  ϕ i   ).

HYPOTHESIS 2: Holding fixed the demand level,  B  k  i
  , the percentage rate of the 

decrease in affiliates’ local revenues ( R  jk  i
  ) as trade costs ( τ  jk  i

  ) increase is faster in 
more knowledge-intensive industries (high  ϕ i   ).

In deriving these hypotheses, we have strived to keep the model simple and the 
set of assumptions parsimonious. Central is the ability of firms to choose between 
embodied knowledge transfer using imported inputs and the disembodied knowl-
edge transfer required for offshore production. First, we assume that affiliate import 
costs rise in distance while disembodied transfer costs do not, but all we need is 
that the disembodied transfer costs rise at a slower rate than trade costs. Second, the 
knowledge intensity of different activities matters because their technologies can 
be more or less codified. We assume that communication costs vary with the degree 
of codification while trade costs do not, although it is enough for our results if 
communication costs rise faster in knowledge intensity than trade costs. These two, 
arguably mild, assumptions yield that affiliates import the relatively knowledge- 
intensive inputs so that the average knowledge intensity of trade rises with distance.9

E. Estimating Equations

Based on this theory we now specify an econometric model of the input sourcing 
and local sales behavior of US multinational affiliates. Three elements are criti-
cal. First, to test Hypotheses 1 and 2, the effect of changes in trade costs on both 
the firm’s input sourcing and sales decisions must vary with knowledge intensity. 
Second, in the presence of fixed costs of opening an affiliate it is important to correct 
for potential selection of firms across destinations. Third, the model must account 
for local demand conditions and firm productivity.

F. Intensive Margin

We begin by specifying the affiliate’s reliance on inputs imported from its home 
country conditional on owning an affiliate. The cost share of imported inputs of an 
affiliate of firm ω in industry i in country k at time t is given by

(8) ln  (    M  ωkt  i
  
 _ 

T C  ωkt  i
  

   )  =  α  ωt  CS  +  (  δ  1  CS  +  δ  2  CS  K I  t  i  )  ln  τ   k  i
   +  β  X  CS  ln  X  kt  i

   +  ε  ωkt  i
   , 

9 The preceding arguments are formally developed in Section 1 of the online Appendix, where a number of 
additional assumptions are also discussed.

I where ω stands for a firm; i represents industry; k host (recipient)
country.

I M stands for the value imported intermediates by omega’s foreign
affiliates; KI is a measure of knowledge intensity, and is an ad
valorem measure of trade costs; X is a set of controls.

I deltaCS1 < 0 and deltaCS2 > 0



Regression Specifications

I To test Hypothesis 2:
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where  α  ωt  CS  is a firm-year fixed effect, K I  t  i  is our measure of knowledge intensity, and  
τ  k  i

   is an ad valorem measure of trade costs between the United States and country 
k.10 Further,  X  kt  i

   is a vector of controls including important host country characteris-
tics (such as market size), and  ε  ωkt  i

   is the error term.11

The model has the following predictions on the signs of the coefficient estimates. 
First, while in general an increase in trade costs is associated with the increased 
offshoring of production to the affiliate so that  (  δ  1  CS  +  δ  2  CS  K I  t  i  )  < 0, according to 
Hypothesis 1 this effect should be less pronounced in more knowledge-intensive 
industries so that  δ  2  CS  > 0.

Our model of the local affiliate sales, ln  R  ωkt  i
   , of firm ω in industry i in country k at 

time t is symmetric to (8) up to the coefficients and so is given by

(9) ln  R  ωkt  i
   =  α  ωt  R

   +  (  δ  1  R  +  δ  2  R  K I  t  i  )  ln  τ  k  i
   +  β  X  R  ln  X  kt  i

   +  η  ωkt  i
   .

The sales of affiliates in their host country is decreasing in trade costs so that  
 (  δ  1  R  +  δ  2  R K I  t  i  )  < 0, and according to Hypothesis 2 this effect should be more pro-
nounced in knowledge-intensive industries so that  δ  2  R  < 0. The prediction  δ  2  R  < 0 
is exactly the opposite to the model’s prediction in the import cost share equation, 
where  δ  2  CS  > 0. The fact that import and sales behavior are predicted to vary in qual-
itatively different ways as trade costs change provides a powerful test of the theory.

We will estimate (8) and (9) through two methods. First the firms’ locational deci-
sions are taken as given and these equations are estimated via ordinary least squares 
(OLS). We then adjust the econometric model to allow for locational decisions to be 
endogenous and explicitly model the extensive margin. In the presence of fixed costs 
of opening a foreign plant, firms that face unusually large costs abroad relative to 
the cost of exporting their final good or face unusually low demand abroad will not 
be observed in our data. Therefore, all of the variables included in equations (8) and 
(9) also feature in the likelihood that an affiliate appears in our sample. Theory also 
indicates that fixed costs associated with opening a foreign plant will influence the 
likelihood of observing an affiliate without affecting the level of activity conditional 
on being observed, see equation (7). Thus, proxies of fixed costs at the country-level 
are appropriate exclusion restrictions. We estimate the likelihood that an affiliate 
appears in our sample with a probit model.

In the two-step Heckman (1976) model this probit is estimated in conjunction 
with variants of our import cost share and sales equations. The changes relative to 
equations (8) and (9) are as follows. First, since selection is based on firm charac-
teristics, we want to employ cross-firm variation; consequently we replace the firm 
fixed effects with industry fixed effects.12 Second, we include parent domestic sales 
as a proxy for firm productivity. If fixed costs to disembodied knowledge transfer 
are important, we would expect that firm productivity enters with a negative sign in 
the import cost share equation as more productive firms sell enough units to justify 
the local fixed cost. In the sales equation we expect to find a positive coefficient 

10 We have dropped the source country subscript j as it is always the United States in our data.
11 We do not include K I  t  i  by itself because since all firms belong to a single industry the specification controls 

for industry-year fixed effects.
12 Using industry- instead of firm-fixed effects also reduces concerns that the estimates are affected by incidental 

parameter problems.

I where ω stands for a firm; i represents industry; k host (recipient)
country.

I R stands for foreign affiliates’ sales; KI is a measure of knowledge
intensity, and is an ad valorem measure of trade costs; X is a set of
controls.

I deltaR1 < 0 and deltaR2 < 0



Main Regression Results

I Using panel data from Bureau of Economic Analysis (BEA) for 1000
US multinational firms with 3000 affiliates for 1994, 1999, and 2004.1427keller and yeaple: the gravity of knowledgevol. 103 no. 4

the value of shipments to affiliates if these are located in high-tax countries. Skill 
endowment and capital endowment variables have no significant relation with the 
import share, however, strong intellectual property rights are associated with lower 
imports. As long as affiliate production leads to stronger technological learning for 
firms in the host country than exporting from home (Keller and Yeaple 2009), high 
levels of intellectual property rights protection will make multinational firms less 
reluctant to move sensitive production processes abroad because it is associated 
with less leakage of technological knowledge. Further, high judicial quality in the 
host country favors local production over imports from the home country. To the 
extent that local production involves outsourcing to independent suppliers while 
imports are primarily within firm, this is in line with recent research (Antras 2003).

Communication problems are central to our analysis of international knowledge 
transfer, and we include two direct measures of communication costs in the speci-
fication shown in column 2. Affiliate imports are relatively high both in English-
speaking host countries and in countries that are expensive to call. To the extent that 
offshore production requires advice via frequent telephone conversations, the latter 
is consistent with our emphasis on communication costs. One might also expect that 

Table 1—Technology Transfer and Multinational Activity

Import share Sales

(1) (2) (3) (4) (5) (6) (7) (8)

Trade costs −2.794 
[0.030]

−3.786 
[<0.001]

−3.672 
[<0.001]

−0.933
[0.127]

−2.942 
[<0.001]

−0.770 
[0.085]

−0.213 
[0.612]

0.423
[0.279]

Trade costs ×
 knowledge intensity

36.089 
[0.001]

24.906 
[0.039]

23.761 
[0.022]

25.123
[0.005]

−23.110 
[0.036]

−17.149 
[0.055]

−19.405 
[0.016]

−17.758
[0.017]

Population −0.628
[0.150]

−0.495 
[0.229]

−0.416
[0.538]

−0.207
[0.296]

−0.218
[0.269]

−0.430
[0.487]

GDP 0.410 
[0.324]

0.357
[0.366]

−0.450
[0.116]

0.753
[<0.001]

0.725
[<0.001]

1.375
[<0.001]

Tax rate 0.962 
[0.017]

0.916
[0.010]

2.340
[0.131]

−0.266 
[0.075]

−0.310
[0.032]

−0.737
[0.557]

Skill endowment 1.004
[0.214]

0.685
[0.381]

NA −0.390
[0.083]

−0.434
[0.034]

NA

Capital endowment −0.089
[0.661]

0.073
[0.709]

0.581
[0.303]

0.483
[<0.001]

0.498
[<0.001]

0.314
[0.607]

Intellectual property rights  
 

−0.408
[0.007]

−0.420 
[0.001]

0.060
[0.495]

0.179
[0.018]

0.137
[0.058]

0.071
[0.382]

Judicial quality −2.950
[0.012]

−2.579 
[0.024]

NA −0.852
[0.058]

−0.816
[0.075]

NA

Common language 0.468
[<0.001]

0.481
[<0.001]

1.049
[0.002]

0.438
[<0.001]

0.407
[<0.001]

0.653
[0.181]

Cost of phone call 0.499
[<0.001]

0.550
[<0.001]

1.563
[0.002]

0.016
[0.770]

0.093
[0.093]

−0.308
[0.192]

Parent sales −0.050
[0.012]

−0.032
[0.102]

0.564
[<0.001]

0.564
[<0.001]

Firm-year fixed effects Yes Yes Yes Yes
Industry and year fixed effects Yes Yes Yes Yes
Country fixed effects Yes Yes
R2 0.377 0.447 0.139 0.223 0.449 0.557 0.346 0.358

Observations 5,875 5,644 5,961 5,961 7,921 7,581 7,726 7,726

Notes: Dependent variables: imports for further processing from the US relative to total affiliate sales in columns 1, 2, 3, and 
4; local affiliate sales to unaffiliated customers in columns 5, 6, 7, and 8. Robust p-values allow for clustering by country-year 
and are shown in brackets. NA means not available, because a variable is collinear with the country fixed effects.


