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ABSTRACT

While it is well known that managers prefer in-person meetings for negotiating deals and selling their
products, face-to-face communication may be particularly important for the transfer of technology
because technology is best explained and demonstrated in person. This paper studies the role of short-term
cross-border labor movements for innovation by estimating the recent impact of U.S. business travel
to foreign countries on their patenting rates. Business travel is shown to have a significant effect up
and beyond technology transfer through the channels of international trade and foreign direct investment.
On average, a 10% increase in business travel leads to an increase in patenting by about 0.3%. We
show that the technological knowledge of each business traveler matters by estimating a higher impact
for travelers that originate in U.S. states with substantial innovation, such as California. Moreover,
the business traveler effect on innovation also varies across industries. This study provides initial evidence



1 Introduction

Throughout history the cross-borderfl



patenting on average by about 0.3%, and in the typical case business travel from the United
States accounts for about 1% of the total di erence in patenting across countries. Moreover,
we find evidence that the impact of inward business travel on patenting is increasing in the

technological knowledge carried by each particular traveler.

While international trade in goods and foreign direct investment (FDI) have long been the
subject of investigation, there is much less research on international trade in services, even though
by now services trade is substantial in many countries. For example, services exports are now
close to 40% of U.S. goods exports.? This paper sheds new light on the impact of international air
travel. This provides new information for the gains from services liberalizations, both bilaterally
(such as the Open Skies Agreement) and multilaterally among the members of the World Trade

Organization.®



Monge-Naranjo 2009) so that international travel is crucial for knowledge di usion.



plus at a time when the literature is only emerging.®

The remainder of the paper is as follows. The next section gives an overview of the empirical
analysis and also highlights important aspects of the estimation methods. Section 3 describes
the data that will be used, with more details given in the Appendix. All empirical results are

presented in section 4, while section 5 contains a concluding discussion of our findings.

2 An empirical model of innovation through cross-border move-

ments

We are interested to estimate the impact of international business travel on the rate of innovation
across countries and industries. Innovation is measured in terms of the countries’ patents at the
level of 37 industries. The industry dimension is important because industries vary greatly in
terms of patenting activity. While patent data is available even by industry, information on
business travel is much more scarce. This paper employs data on outward business travel of
U.S. residents (who are predominantly U.S. citizens) to other countries.” The focus on one
source country means that the spells of business travel are more comparable than if we had used
data from multiple countries that might use di erent approaches in data collection. Moreover,
we limit the analysis of patenting to patent applications in the United States, both to ensure a
common quality standard across countries and because the United States is an important market

for all of the countries in our sample.

®Productivity as it can typically be measured captures not only technical e ciency but also demand shocks and
market power, factor market distortions, and product mix changes (Foster, Haltiwanger, and Syverson 2008, Hsieh
and Klenow 2009, and Bernard, Redding, and Schott 2010, respectively). See Keller (2004) for more discussion
on measures of technology and technology di usion.

"Thanks go to Jennifer Poole who shared the outcome of her NSF-funded data collection with us.






ensures that all inventions surpass the same quality standard, and moreover, patent protection
in the United States will typically be important for major inventions given the importance of
the U.S. market. This data comes from the custom data extracts of the USPTO database, which
has information on country of residence for each of possibly several inventors per patent, original
USPTO patent classification, as well as the application month and year.® In the case of 1
inventors, we assign a fraction of 1  to each inventors country of residence. Based on USPTO
classification, patents are assigned to NBER 37 technological subcategories (or, industries).!?
A list of industries is provided in table Al of the Appendix. The main dependent variable in
the empirical analysis is the sum of these fractional patent counts aggregated by foreign country

and industry for each quarter during the period 1993 to 2003.%!

In addition, we employ the USPTO individual inventor database to separate out foreign
patents that have a U.S. co-inventor. These patents are of particular interest because the
traveler might in fact be the U.S. co-inventor on that patent. For this reason, we believe that
the relationship between business travel and domestic innovation might be particularly strong
for these patents. How frequent are patent applications that have a U.S. co-inventor? We find
that on average about one in 60 of all foreign patent applications in the United States during

the sample period had foreign and U.S. co-inventors.

It is well-known that a principal determinant of the rate of innovation is the country’s R&D



measures of innovation, namely a country’s total patent applications in a particular year, both
by residents of that country as well as by non-residents (source: World Intellectual Property
Organization).!® These variables control for innovative cycles in each country that are general
in the sense that they are not specifically related to travel from the United States. In addition,
including all patents on the right hand side controls for the patent family e ect, namely that a
patent application in the U.S. reflects only the fact that a given technology has been invented

and patented at home in the same period.



traveler variable, , is defined as follows:

X
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(source: Penn World Tables, version 6.2). It is also important to control for other channels of
international technology transfer, such as international trade and FDI (see Keller 2010). The
regressions include U.S. exports to each of the sample countries, as well as the total sales of U.S.

majority-owned multinational a liates in each of the sample countries.

Summary statistics of the data are presented in Table 1. The first two rows show some
descriptive statistics on fractional patent counts by foreign inventors and joint U.S./foreign
patent counts. There is a lot of variation in U.S. patenting by foreign countries and industries
as evidenced by the standard deviation in both foreign U.S. patent counts as well as joint U.S.
patent counts. A list of the 36 countries that are included in this analysis is given in Table
A3 of the Appendix. The following four rows in Table 1 present (in natural logarithms) U.S.
resident travel data for business, religious, and visitor purposes, along with data on travelers
that are retired and homemakers.'* As can be seen from the table, the number of travelers for
the purpose of business and visitor are close in magnitude, while the number of observations for
religious travel and retired and homemaker travel is much smaller.

We now turn to the empirical results.

4 Empirical results

We begin by introducing the estimation equation. It is given by

£
[ | ]=exp In + In + + + + + (€))

1n this analysis we focus on positive numbers of business travelers, as our analysis does not necessary apply
to patenting in the case when there is no business travel.



where , the expected patent counts of a country in the United States in quarter of year

and industry is a function of the number of business travelers at that time between
country and the U.S. (from equation 2), other determinants of country ’s patenting in the
U.S. (such as R&D expenditures), country-, quarter-, year- and industry fixed e ects (the ’s),
and an error term, . In our data, the variance of patents exceeds its mean (overdispersion),

and the negative binomial model is generally preferred to the Poisson model in our case.!®

The initial results on the relation between innovation and U.S. business travel are shown in
Table 2. In columns 1 to 5, the dependent variable is the foreign country’s patent counts taken
out at the U.S. patento ce, while in column 6 the dependent variable is foreign patents that have
U.S. coinventors. All regressions include country, year, quarter and industry fixed e ects. Robust
standard errors which allow for clustering by country-year are reported in parentheses.'® Column
1 shows that there is a strong correlation between patenting and travel from the United States,
which is only slightly reduced with the inclusion of controls for size and level of development in

column 2: the coe cient on business travel decreases from 0.056 to 0.053.

Next we include controls for domestic technology investments as well as international tech-
nology transfer. U.S. FDI and U.S. exports have a positive coe cient, although only FDI is
significant. The inclusion of these variables lowers the business travel coe cient slightly. In
column 4, we include R&D expenditures, which has a highly significant impact on patenting.

With the inclusion of R&D expenditures, U.S. FDI becomes insignificant, while in contrast the

15We have also considered ’zero-inflated’ negative binomial regressions, however, they do not lead to a major
improvement in empirical fit.

18\We cluster by country-year because some of the variables do not vary by quarter and by industry; for example,
GDP per capita for a given year is employed for all four quarters of that year and all industries. In contrast,
patents on the left and the business variable on the right-hand side vary by quarter and industry.

10



coe cient on business travel is largely unchanged.

Recall that the left-hand side variable is a country’s industry-level patenting in the United
States. In column 5 the patenting of the country in all countries of the world is added, where we
distinguish resident from non-resident patenting. This controls for technology and other shocks

that lead to changes in a country’s overall patenting. We see that resident patenting is more



a ected by unobserved shocks, which would lead to biased estimates. In particular, we are
concerned that [ ] 0 because this would lead to an upward bias in the business
travel coe cient. Our approach is to construct a control function variable, such that when

is included in the regression the correlation of business travel and the new regression error
is zero.'® The control function that we propose is the residual of a regression of business travel

on visitor travel. Consider the following ordinary least-squares regression:

In = + + + + 4In + , + 4)

where is the number of visitor travelers between the U.S. and country in quarter of year

and industry , where visitor travel is defined as travel intended to meet family and friends. The
residual =  of this regression will tend to be high when business travel is high relative to visitor
travel, conditional on all other covariates. A new direct air connection between a particular U.S.
state and a particular foreign country , for example, will typically lead to an increase in both
business and visitor travel. If, in addition, foreign country improves its business conditions
by lowering corporate taxes, this will tend to increase business travel relative to visitor travel.
But this would not constitute the exogeneous variation that is needed to estimate the causal
impact of business travel on patenting, and it is important that the control function eliminates
e ects like this. Identification comes from changes in business travel conditional on changes
in profitability, technological capability, and other factors that are captured by shifts in the

business-visitor traveler relationship. One requirement for this control function approach to

18 Control function approaches have been widely applied in the estimation of productivity, perhaps starting with
Olley and Pakes (1996); Blundell and Powell (2003) give an overview and provide general results on the control
function approach.
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are retired, the number of persons who travel for religious reasons, and the number of travelers






between business travel and innovation holds for high versus low patenting industries.?® The
results are shown in Table 5. Column 1 repeats for convenience the baseline estimates without
the control function (from Table 4, column 1), while in columns 2 and 3 in addition to business
travel an interaction of business travel with high patenting dummy (based on median or mean)
is included. It is apparent that the impact of business travel on innovation is greater in high
patenting industries: the coe cient on business travel in high patenting industries is around 0.3
compared to business travel overall 0.05 (column 1). It is somewhat of a puzzle that business
travel has a negative impact in low-patenting industries, however, this may be due to correlation

among the independent variables.

In columns 4 to 6, we show analogous results using the preferred control function approach.



In the basic specification in column 2, the coe cient on business travel is essentially zero as

opposed to about 0.03 (Table 4). Specifi






that can be compared to the benefi
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6 Appendix

This section gives the details on the sources and construction of our main variables.

Innovation U.S. patent counts: The data on U.S. patents issued from 1993-2003 comes
from the United States Patent and Trademark O ce (USPTO), Custom Data Extracts. The

individual inventor database, which has address information (street, city, state, country of resi-



keeping only U.S. inventors, patent counts are aggregated to a given state for each quarter during



weight. Further, expanded individual travel observations are aggregated by purpose of the trip

and occupations by U.S. state and foreign country for each quarter during the years 1993-2003.

Our main variable of interest is the number of business travelers from state to foreign
country in quarter of year . We calculated the number of travelers who are visitors, are
traveling for religious reasons, or are retired or homemakers in the same way. These aggregated
travel variables are weighted by the ratio of U.S. state patent stock to real state GDP and a
given industry’s strength in the U.S. (source: U.S. department of Commerce, Bureau of Economic
Analysis, BEA), see equation (2). The final travel variables are in natural logarithms, with one
added to each value. The impact of adding one is small, as the results for the sample with

strictly positive numbers of travelers are very similar.

Other variables Population size, real GDP per capita for each year 1993-2003 and country
are obtained from Penn World Tables, version 6.2. U.S. exports by country and year 1993-2003
are collected from U.S. Census Bureau (www.usatradeonline.gov). U.S. FDI by destination
countries and year 1993-2003 is proxied by the total sales of U.S. majority-owned multinational
a liates and comes from U.S. Bureau of Economic Analysis (BEA). Gross domestic expenditures
on R&D expenditures (GERD) for each country in year 1993-2003 are obtained from OECD
Statistics, which has data on OECD countries as well as some non-OECD member economies.
Each country’s total patent applications (by first named inventor) both by residents as well as
non-residents of that country in 1993-2003 are from World Intellectual Property Organization
(WIPO). All control variables employed in the analysis are in natural logarithms, with the

exception of patent applications by residents and non-residents which are in natural logarithms

27



but with one added to each value. The final sample is an unbalanced quarterly sample for 36

countries and 37 industries for the years 1993-2003.
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Table 1. Descriptive Statistics |

Variable Mean Std. Dev. Min Max
US Patenting
US patent counts 26.306 81.471 0 930
Joint US patent counts 0.443 1.541 0 40
US Resident Travel
Business travel 0.843 0.987 0 7.294
Visitor travel 0.732 0.995 0 7.305
Religious travel 0.021 0.158 0 3.945
Retired travel 0.412 0.762 0 6.355




Table 2. Baseline Results

Dependent variable US patents Joint US patents
1) (2) 3) 4) ©) (6)

Business travel 0.056** 0.053** 0.052** 0.050** 0.049** 0.067**
(0.010) (0.010) (0.010) (0.010) (0.010) (0.017)
Population 5.300** 4.467** 2.299** 1.980** 0.185
(0.729) (0.754) (0.705) (0.681) (1.346)
Real GDP per capita 1.947** 1.050** 0.492 0.417 1.030*
(0.374) (0.367) (0.320) (0.299) (0.511)
US exports 0.102 0.015 -0.056 0.737**
(0.137) (0.118) (0.115) (0.195)
UsS FDI 0.291** 0.129 0.114 -0.267+
(0.097) (0.091) (0.087) (0.147)
R&D expenditures 0.872** 0.775* -0.107
(0.140) (0.133) (0.267)
Patent applications, non-residents 0.079 0.182*
(0.051) (0.081)
Patent applications, residents 0.180** 1.001**
(0.043) (0.153)
Observations 16,992 16,992 16,992 16,992 16,992 16,992
Log likelihood -42,068 -41,876 -41,855 -41,810 -41,749 -7,791

Notes: Negative binomial regressions. All specifications include country, year, quarter and industry fixed effects. Robust standard errors allow.72 0.9hg( 360.24 g2015 @ [(0.195)5() )BIE -0.0001 W 17.278 O:



Table 3: Control Function Regressions \

Dependent variable Business travel
(1) (2) (3) (4) (5)
Visitor travel 0.738** 0.673** 0.673** 0.624** 0.624**
(0.006) (0.009) (0.009) (0.010) (0.010)
Retired travel 0.112** 0.111** 0.093**  0.092**
(0.011) (0.011) (0.011) (0.011)
Religious travel 0.036 0.021
(0.028) (0.029)
Homemaker travel 0.155**  0.155**
(0.012) (0.012)
Population -0.594*  -0.548* -0.549** -0.540** -0.540**
(0.191) (0.189) (0.189) (0.188) (0.188)
Real GDP per capita -0.051 -0.023 -0.024 -0.003 -0.004
(0.087) (0.085) (0.085) (0.084) (0.084)
US exports 0.034 0.030 0.030 0.026 0.026
(0.026) (0.026) (0.026) (0.026) (0.026)
US FDI 0.016 0.012 0.012 0.008 0.008
(0.018) (0.018) (0.018) (0.017) (0.017)
R&D expenditures 0.066*  0.064+ 0.064+ 0.057+ 0.057+
(0.034) (0.033) (0.033) (0.033) (0.033)
Patent applications, non-residents 0.007 0.008 0.008 0.009 0.009
(0.007) (0.007) (0.007) (0.007) (0.007)
Patent applications, residents 0.004 0.006 0.006 0.005 0.005
(0.007) (0.006) (0.006) (0.006) (0.006)
Observations 16,992 16,992 16,992 16,992 16,992
R-squared 0.833 0.836 0.836 0.839 0.839
Notes: All specifications include country, year, quarter and industry fixed effects. Robust standard errors in
parentheses, + p< 0.10, *p<0.05, ** p<0.01




Table 4: Patent Counts with Control Function

Dependent variable



Table 5: High versus Low Patenting Industries

Dependent variable US patents
1) (2 3) 4) () (6)

Business travel 0.049** -0.099** -0.111* 0.028* -0.098** -0.113*
(0.010) (0.014) (0.015) (0.012) (0.016) (0.017)

Business travel *High patents (median) 0.276** 0.259**

(0.021) (0.021)
Business travel* High patents (mean) 0.289** 0.274**
(0.020) (0.021)
Population 1.980** 2.178* 2.094** 2.004** 2.216** 2.132*
(0.681) (0.672) (0.657) (0.681) (0.664) (0.650)
Real GDP per capita 0.417 0.689* 0.664* 0.417 0.680* 0.657*
(0.299) (0.286) (0.275) (0.299) (0.284) (0.273)







Table A1l: NBER Technological Subcategories

Subcategory Description Subcategory Description
11 Chemical: Agriculture, Food &Textiles 45 Electrical & Electronics: Power Systems



Table A2A: US patenting by states, 1993-2003

State Sum of patents by State Sum of patents by
state, 1993-2003 state, 1993-2003

Alabama 4,277 N. Carolina 20,142
Alaska 521 Nebraska 2,290
Arizona 17,271 Nevada 3,692
Arkansas 1,829 New Hampshire 6,846
California 202,830 New Jersey 41,686
Colorado 21,337 New Mexico 3,833
Connecticut 20,141 New York 68,699
Delaware 4,668 North Dakota 801
Florida 28,949 Ohio 35,574
Georgia 15,294 Oklahoma 5,893
Hawaii 905 Oregon 16,015
Idaho 14,952 Pennsylvania 37,766
lllinois 40,205 Puerto Rico 258
Indiana 15,905 Rhode Island 3,251
lowa 7,054 S. Carolina 6,257
Kansas 4.489 S. Dakota 801
Kentucky 4,794 Tennessee 8,860
Louisiana 5,083 Texas 67,284
Maine 1,585 Utah 7.876
Maryland 16,128 Vermont 4,209
Massachusetts 40,813 Virginia 12,678
Michigan 41,655 W. Virginia 1,608
Minnesota 30,280 Washington 24,422
Mississippi 1,821 Washington, DC 733
Missouri 9,600 Wisconsin 19,188
Montana 1,474 Wyoming 614




Table A2B: US patenting by industries, 1993-2003

. Sum of patents by
Subcategory Description industries, 1993-2003
11 Chemical: Agriculture, Food &Textiles 2404
12 Chemical: Coating 11,814
13 Chemical: Gas 3,597

14



Argentina Luxembourg
Australia Mexico
Austria Netherlands
Belgium New Zealand
China Norway
Czech Republic Poland
Denmark Portugal
Finland Romania
France Russia
Germany Singapore
Greece Slovakia
Hungary Slovenia
Iceland South Africa
Ireland Spain

Israel Sweden

Italy Switzerland
Japan Turkey
Korea, South United Kingdom

Table A3B: Countries in Sample ‘

OECD Countries Non-OECD countries
Australia Korea, South Argentina
Austria Luxembourg China
Belgium Mexico Israel
Czech Netherlands Romania
Republic
Denmark New Zealand Russia
Finland Norway Singapore
France Poland Slovenia
Germany Portugal South Africa
Greece Slovakia
Hungary Spain
Iceland Sweden
Ireland Switzerland
Italy Turkey
Japan United Kingdom






