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The Transfer of Knowledge across Countries

Wolfgang Keller*

How does knowledge flow between
firms in different countries? Without any
doubt there are firms with vastly differ-
ent capabilities, or knowledge, operating
in the world today. These firm-level dif-
ferences lead to aggregate effects in terms
of production, trade, and income across
countries. Knowledge does not seem to
have an automatic tendency to flow from
one country to another, quickly leading
to equalization across locations. Can firms
actually facilitate, or prevent, international
knowledge transfers? While some knowl-
edge transfers are between business part-
ners, others are not, and such unintended
knowledge transfers to other firms are
externalities (called spillovers). One well-
known fact is that knowledge is geographi-
cally localized.! Localization, it turns out,
is a natural outcome when knowledge is
difficult to describe in a self-contained way.
In this setting, knowledge transfers require
the movement of people, and localization
arises simply because there are costs of
moving people in geographic space.

More generally, in recent research with
several coauthors I examine the idea that
knowledge transfers can be linked to the
economic engagement of firms and peo-
ple across countries. I analyze the relation-
ship between knowledge flows and inter-
national business travel, the role of both
multinational firms and trade, and a theo-
retical framework that focuses on the dif-
ferent ways in which knowledge flows.

Innovation and International
Business Travel

When does the need for in-person
contacts arise? There are several possibili-
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ties. Take the corporate downsizer played
by George Clooney in the 2009 movie
“Up in the Air”; his job is it to fire peo-
ple in person. Or, take the common belief
among corporate executives that in-per-
son contacts are far more effective than
anything else for closing business deals.?
These in-person contacts are cost-effective
because they have an element of non-cod-
ifiability (that is, they cannot be subject to
programmed rules), be it to show appre-
ciation for past work, or to establish trust,
that cannot simply be had from a letter or
phone call.

Non-codifiabilities may play a par-
ticularly important role in the transfer of
new knowledge, the kind of knowledge
that is needed to engage in innovation,
and in that case, it may be best to demon-
strate and explain the knowledge face-to-
face.? In work with Nune Hovhannisyan,
I evaluate the idea that international busi-
ness travel may affect the rate of innova-
tion across countries.*

Empirical research on international
service trade is still relatively rare, not only
because services are often highly differen-
tiated (so difficult to aggregate) but also
because there is not yet much comparable
information across countries. Specifically,
in the case of air travel there is typi-
cally no information on whether the pur-
pose of travel is business or non-business;
much of the information, in fact, is col-
lected by national tourism agencies. Data
employed in our study is both unusually
rich and consistent. We have information
on more than 100,000 trips between the
years 1993 and 2003, including whether
the purpose of travel was business or not.
All trips are from the United States to 36
other countries, both rich and poor. We
do not know the identity of the traveler,
or his knowledge level, but there is infor-
mation on the state in the United States
where the trip originated so that we can
distinguish high-innovation (California)

from low-innovation (Wyoming) states.

We ask whether business travel from
the United States has an impact on inno-
vation rates across countries, which are
measured by patenting rates computed
from the NBER patent database. In order
not to simply pick up positive shocks that
increase innovation and business travel
from the United States, we include, essen-
tially, the ratio of business to family trips
in the regression. Because family trips
are not affected by changes in a country’s
business climate, this helps to filter out
spurious effects.

Our finding is that inward business
travel raises a country’s rate of patent-
ing. The increase is modest, but statisti-
cally significant. In two ways, these results
point to the importance of the knowl-
edge carried by each individual traveler.
First, the impact on patenting is higher if
the traveler came from a high-innovation
rather than a low-innovation U.S. state.
Second, U.S. business travel has a stron-
ger impact on innovation for patents that
have U.S. co-inventors, consistent with
the idea that the traveler was associated
with this patent application. In that case,
of course, the knowledge transfer would
cease to be a pure spillover.

Knowledge Spillovers through
Multinational Activity

Governments all over the world
spend large amounts of resources in order
to attract multinational firms to their
country, based on the assumption that
such firms generate positive externalities,
or foreign direct investment (FDI) spill-
overs, to domestic firms.> At the same
time, the evidence on substantial FDI
spillovers is thin.® In earlier work with
Stephen R. Yeaple, I consider spillovers
to US. firms from US.-based affiliates
owned by foreign multinationals.”

Our choice of a country as highly
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developed as the United States might
seem strange, but foreign-owned affili-
ates located in the United States are
considerably more productive than the
average U.S. firm, so that the scope for
knowledge transfers from foreign firms
is definitely there.8 Moreover, employ-
ment in foreign-owned affiliates in the
United States has increased by 50 per-
cent between 1987 and 1996 (from
about 8 percent to 12 percent). We ana-
lyze knowledge transfers in terms of
changes in firms’ productivity and ask
whether U.S.-owned firms in industries
where foreign-owned firms are relatively
prevalent have become more productive.

In a sample of about 1,300 U.S. man-
ufacturing firms, the estimated FDI spill-
overs account for about 14 percent of
U.S. manufacturing productivity growth
between the years 1987 and 1996. We
find that FDI spillovers materialize rel-
atively quickly, within two years, and
they benefit disproportionately relatively
small US. firms.

These FDI spillovers are large enough
to make it worthwhile asking whether
there may be a role for FDI subsidies.
Why are the estimates larger than those
in earlier studies? First, we show that FDI
spillovers do not exist sector-wide but are
largely concentrated in high-tech, R and
D-intensive sectors. Second, the U.S. FDI
data tracks foreign affiliate activity bet-
ter than in other countries.” Knowing
more precisely in which sectors foreign
firms operate improves the signal-to-noise
ratio in the empirical analysis and leads to
higher FDI spillover estimates.

Technology Transfer
through Imports

In the typical model of interna-
tional trade, there are no knowledge flows
between firms. One way of looking at it is
that such knowledge flows are unneces-
sary because by importing from abroad,
domestic consumers have in fact gained
access to foreign production knowledge.
Estimates of the gains from trade are typi-
cally quite small, however, and research
has moved to explore the role of trade
in transferring production knowledge

between firms when this generates econo-
mies of scale.

In a project with Ram C. Acharya, I
trace out international knowledge flows
by relating foreign R and D to domes-
tic productivity via bilateral imports in a
large sample of manufacturing industries
for three decades (1973 to 2002).10 A
good reason for studying relationships at
the industry level is that R and D provides
an explicit measure of knowledge; at the
micro level across many countries, there is
no consistent data on a broad knowledge
measure such as R and D.

One question is whether productiv-
ity is affected only by domestic R and D
or also by foreign R and D and imports.
We find that the R and D of six major
countries close to the world’s technology
frontier typically increases their produc-
tivity by about three times as much as
does domestic R and D. This finding sug-
gests that for most countries in the world,
foreign sources of knowledge are more
important than domestic sources, under-
lining the importance of spillovers. We
also show that foreign R and D spillovers
from Germany, France, and the United
Kingdom are more strongly related to
imports from these countries, while spill-
overs from the United States are less tied
to imports from the United States. The
magnitude of knowledge transfers also
varies strongly across bilateral country-
pairs. For example, Ireland benefits much
more, by a factor of seven, from knowl-
edge created in the United States than
does South Korea.

The results point to a heterogeneous
web of global knowledge transfer where
knowledge flows are at times embodied in
goods and at other times not. To go fur-
ther, I develop and test a model of trade
and FDI, together with Yeaple, that puts
at the center the choice between embod-
ied and disembodied knowledge transfer.

Knowledge and Gravity !!

Economists like to describe the trade
between two countries by an equation
analogous to the gravity equation in phys-
ics. Trade in iPads, for example, depends
on the masses (or incomes) of both coun-

tries and on the trade costs for iPads —
that is, their weight. How about the trans-
fer of knowledge — does it defy gravity as
one might expect from knowledge as an
intangible? I cast the question in terms
of the operations of multinational firms.
Not only do they account for much of the
world’s R and D but they also have every
incentive to supply offshore affiliates with
their knowledge as efficiently as possible.

Based on the global operations of
US. multinationals included in data at
the Bureau of Economic Analysis (BEA),
it turns out that individual multinational
affiliates sell less the further away they
are from their home country—just like
gravity in trade. Moreover, the gravity
effect is strongest for the most R and D-,
or knowledge-intensive, goods. Why is
gravity so strong for goods that have low
weight-to-value ratios?

My explanation focuses on the dif-
ficulties of communicating knowledge
from one person to another (disembod-
ied transfer) versus the costs of mov-
ing knowledge in goods (embodied
transfer). Because of its non-codifiabil-
ity, communicating knowledge between
the multinational parent manager and
the offshore plant manager is prone to
costly errors.1? The relatively high costs
of knowledge-intensive production lead
to both lower affiliate sales and the mul-
tinational firm’s shifting its mix from off-
shore production (FDI) to onshore pro-
duction, followed by exports.

Empirical analysis using the BEA
micro data shows that this mechanism
generates the gravity patterns in the data,
even in light of competing explanations.
Moreover, the extent to which multina-
tionals use trade that embodies knowl-
edge rises in knowledge intensity, and
switching to offshore production to avoid
trade costs is harder for knowledge-inten-
sive goods, as the relatively high com-
munication costs would imply. Also, the
effects are quantitatively important. In the
pharmaceutical industry, for example, our
estimates suggest that the costs of com-
municating knowledge abroad raise the
costs of offshore production by roughly
9 percent relative to domestic produc-
tion. This suggests that unless the sav-
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ings in shipping and production costs
from producing abroad exceed this level,
the firm will choose to produce domesti-
cally. Most previous analyses of FDI, how-
ever, have focused only on the latter costs,
thereby overstating the incentives for off-
shore production in knowledge-intensive
industries. Frictions in knowledge trans-
fers make multinational firms far less foot-
loose than is generally presumed

Summary and Outlook

Because knowledge is non-rival it is
often presumed to be universally avail-
able. My research indicates that while this
is not the case much can be learned about
the location and scale of economic activ-
ity from examining the ways in which
knowledge is transferred across countries.
Within countries, knowledge transfer
costs might be just as important as across
countries, and might help to explain
the structure and activity of multi-plant
firms.13 Future work on which knowledge
transfers occur in-house versus at arm’s
length seems to be also a promising area
of research.
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