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Abstract

This paper investigates the determinants of international technology licensing using

data for 61 countries during 1995-2012. A multi-country model of innovation and

diffusion with international technology licensing yields a structural gravity equation

for royalty payments as a function of fundamentals. The gravity equation is estimated

using nonlinear methods. The model’s fundamentals account for 45% of the variation

in royalty payments. Other factors such as imperfect IPR protection and tax havens

account for a substantial fraction of the unexplained variation. A back-of-the-envelope

calculation suggests that technology transfer from the United States to China would

have been 20% larger if China had standards of IPR protection similar to those in the

United States.
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1 Introduction

Innovation and technology diffusion are key sources of economic growth. Technology dif-

fusion is particularly important for developing countries that find it less costly to adopt

foreign technologies than to invest domestic resources into innovation. Developed countries

may benefit from transferring technology abroad if markets for technology are efficient and

innovators are compensated for their efforts. However, markets for technology are subject to

failure. For instance, imperfect enforcement of intellectual property rights (IPR) may deter

developed countries from transferring technology to profitable developing economies if the

threat of imitation in those markets could negatively affect the innovator’s profits. Hence,

understanding the main drivers of international technology diffusion is important to promote

innovation and growth.

In this paper, I use international technology licensing data to quantify the role of var-

ious channels in explaining technology transfer across many countries and over time. In

particular, I use data for bilateral royalty payments from the Organization for Economic

Co-operation and Development (OECD), for 61 countries during 1995 to 2012. The data

are recorded in the balance of payments of a country as a trade in services and include

both intra-firm and arm’s length transactions.1 While recent theoretical papers point at the

important role of technology licensing in driving growth and innovation (Benhabib, Perla,

and Tonetti, 2017; Monge-Naranjo, 2019), the empirical work on the main determinants of

this form of diffusion is still limited. There are several advantages of studying international

technology licensing as the vehicle of technology diffusion. First, it captures a more direct

way by which firms transfer know-how internationally, as licenses are agreements by which a

patent’s owner sells the rights to use intellectual property (IP) and the know-how to exercise

those rights to another party.2 Second, licensing of technology involves a market transaction

that is priced, hence it is easier to measure than other channels of technology diffusion that

are not internalized (see Keller, 2004, for a survey on the role for spillovers on international

technology diffusion). Third, data on technology licensing are now available for many coun-

tries and over time. Three facts stand out in these data. First, royalty payments (as a % of

world GDP) more than doubled between 1995 and 2012. Second, this increase was mainly

1The data are reported in EBOPS 2012: Balanced International Trade in Services (1995-2012).
2An alternative measure of technology adoption that is more direct has been developed by (Comin and

Hobijn, 2009) in the CHAT database. The notion of technology in that dataset is different from the one in
this paper, as I focus on technology transfer that occurs though movement of IP across countries.

2



driven by an increase in royalty payments from developing to developed countries. This may

reflect improvement of IPR protection in the former as the period of analysis has been char-

acterized by a proliferation of regional trade agreements (RTAs) with strict IP provisions.

Third, the increase in royalty payments has not been mainly driven by transactions with tax

havens, through which developed countries can transfer IP to shift profits and avoid paying

taxes.

I start the analysis by documenting several patterns of the bilateral royalty payments

data. Using gravity techniques from the empirical trade literature, I decompose the data

into three components: (i) an exporter-time fixed effect that captures characteristics of

the technology source that vary over time; (ii) an importer-time fixed effect that captures

characteristics of the destination that vary over time; and (iii) a time-invariant bilateral fixed

effect that captures characteristics of the country-pair. A reduced-form gravity regression of

royalty payments on these components shows that the exporter-time characteristics explain

around 50% of the variation in royalty payments, whereas the importer-time characteristics

explain 26%, and the country-pair characteristics explain the remainder.

A closer look at the estimated country-time fixed effects delivers three findings. First,

the distribution of technology exports is concentrated among a few sources, and the ranking

across the top sources has remained stable over time. The United States and Japan are

the main senders of technologies, accounting for more than 50% of exporter FE in 1995

and 40% in 2012. Tax havens such as the Netherlands have been in place 3 in both years.

Second, imports of technology are less concentrated across destinations, and their ranking

has changed over time. The top-10 destinations accounted for 70% of imports both in 1995

and 2012, but were composed by different countries. During this period, China and Brazil

became top 10 destinations of technology. Third, countries that are geographically close to

each other tend to share more IP.

I then address the following question: what factors may explain the patterns of inter-

national technology licensing documented in the data? I discipline the empirical analysis

by setting-up an innovation and international technology diffusion model a la Eaton and

Kortum (1996, 1999) extended to international technology licensing. Innovators choose their

research efforts to create new ideas, and these ideas diffuse across countries, increasing the

stock of knowledge around the world. Diffused ideas can be adopted to produce an inter-

mediate good more efficiently. In that case, the adopter pays to the innovator a royalty fee
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for the right to use the innovator’s technology, and the fee is determined by the adopter’s

profits. Technology in the model is both non-rival and partially excludable, capturing both

externalities and market channels for technology diffusion. The model yields a structural

gravity equation of royalty payments as a function of economic fundamentals, imposing some

structure on the estimated country characteristics from the reduced-form gravity equation.3

According to the model’s fundamentals, the time-varying exporter’s characteristics are

related to the exporter’s innovative capacity and its productivity, whereas the time-varying

importer’s characteristics are related to the profitability of the importer, which depends on

its size and how remote it is from other profitable markets. The time-invariant country-pair

characteristics reflect the importer’s ability to use the exporter’s technology and depend on

exogenous parameters in the model (i.e., the strength of knowledge diffusion between the

countries).

I then regress royalty payments directly on the model’s economic fundamentals. I proxy

country-pair characteristics using geography and cultural variables that are time invari-

ant (i.e, distance, language,...). All variables have the expected signs and are statistically

significant, and they can explain about 45% of the observed variation of bilateral royalty

payments. I then explore the role of three dimensions along which the model could be ex-

tended to account for the unobserved variation: the quality of IPR protection, the structure

of production, and the presence of multinational activity and tax system. Several studies

have explored the role of these channels separately as potential drivers of technology trans-

fer. However, the methodology developed in this paper allows for a unified framework in

which these three channels can be studied simultaneously. Furthermore, I can decompose

how important each of them is in driving technology licensing across countries.

First, weak IPR protection could yield less than optimal technology transfer from abroad.

Many developing countries have complained that the amount of technology transfer received

through market channels is below optimal.4 For an innovator to have an incentive to license

a technology in a foreign market, she must be confident that firms licensing the technology

will not copy it or leak it to other competitors. In this case, the investment climate of the

technology importer is important to attract foreign IP through licensing. Second, countries

that are specialized in technology-intensive sectors may attract more technology transfer,

3This equation resembles the gravity equation derived by Eaton and Kortum (2002) for the case of
international trade flows.

4See Maskus (2004).
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as they may be better at using technologies from innovative countries. Thus, I compute

a measure of technology-intensity of production to capture the production structure of the

country receiving the technology. Third, movements of IP across countries through royalty

payments have been used to shift income between affiliates from high-tax countries to low-

tax jurisdictions in order to avoid paying taxes (Guvenen et al., 2017; Bruner, Rassier,

and Ruhl, 2018). Hence, the value of royalty payments involving countries with special

tax regimes and a large presence of multinational activity may just be a reflection of these

practices.5 I control for the presence of foreign direct investment (FDI) activity and for

dummy variables for countries with special tax regimes to account for these practices. In an

Appendix, I further explore this point by distinguishing between intra-firm and unaffiliated

transactions.6

I find that: (i) Controlling for these three channels improves the fit of the model substan-

tially. Taken together, the model’s fundamentals and the additional controls help explain

about 72% of the variation of royalty payments in the data; (ii) the quality of IPR protec-

tion is twice as important in explaining technology transfer from developed to developing

economies than to developed countries; (iii) distance and language are more important in

explaining technology transfer among developed countries.

These results show the importance for developing countries of implementing policies

that improve their IPR protection in order to promote technology transfers from developed

economies. A back-of-the-envelope calculation shows that, with IPR protection standards

in China similar to those from developed countries, technology transfers from the United

States between 1995-2012 would have been, on average, 20% higher.7 Finally, accounting

for the presence of multinational activity and special tax regimes can expose profit-shifting

practices in several countries where IP flows are just too large to be explained by the model’s

fundamentals.

5Although, according to Zucman (2014), intra-groups transactions should be priced as if the subsidiaries
were unrelated, given the large volume of this type of transactions every year, tax authorities cannot check
that arm’s length rules are strictly enforced and affiliated transactions are correctly priced.

6This distinction is important as it has been argued that multinational corporations tend to use royalty
payments for transfer pricing at a larger extent than do third parties. That is, affiliated firms have a higher
tendency to engage in mispricing royalty payments with foreign subsidiaries to shift profits to lower-tax
jurisdictions.

7In a counterfactual exercise, Holmes, McGrattan, and Prescott (2015) find that without quid-pro-quo
practices by which foreign multinationals are required to create a joint venture with local firms and transfer
their technology, foreign technology flows to China between 1990 and 2010 would have been substantially
larger.
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Literature review The paper is related to several strands of the literature. First, it is re-

lated to empirical studies advancing the understanding of international technology diffusion.

Several of these studies have focused on indirect forms of diffusion, such as international

trade (Grossman and Helpman, 1991; Coe, Helpman, and Hoffmaister, 2009; Keller, 1998,

2002, 2004; Nishioka and Ripoll, 2012). In these studies, technology is embodied in a good

and then diffused around the world whenever the good is traded internationally. More re-

cently, several papers have modeled trade as the vehicle of diffusion in the context of general

equilibrium models of international trade (see Santacreu, 2015; Aghion and Jaravel, 2015;

Buera and Oberfield, 2019). Other quantitative models studying the interaction between

technology diffusion and trade are Perla, Tonetti, and Waugh (2015) and Santacreu (2015).

Another channel of diffusion that has been studied in the literature is FDI, by which a do-

mestic firm can open a foreign affiliate in a country of interest and transfer the ownership of

the technology to produce the good there. Guadalupe, Kuzmina, and Thomas (2012) study

how Spanish multinationals transfer superior technologies and organizational practices to

their foreign subsidiaries. Fons-Rosen et al. (2021) quantify productivity gains from foreign

investment and find that productivity of foreign acquired affiliates increases modestly after

four years, but only when majority stakes are acquired by foreigners. Keller and Yeaple

(2009) analyze international technology spillovers to U.S. manufacturing firms via both im-

ports and FDI, and find that the latter leads to substantial productivity gains for domestic

firms. Branstetter (2006) finds that FDI is a channel of knowledge spillovers for Japanese

multinationals investing in the United States. Ramondo and Rodŕıguez-Clare (2013) study

the gains from openness though trade and multinational production, using the latter as a

form of international technology diffusion.

Second, recent studies have emphasized the importance of international technology li-

censing in transferring technology (Branstetter, Fisman, and Foley, 2006; Mandelman and

Waddle, 2019; Maskus, 2004). Yang and Maskus (2001) develop a theoretical model in which

firms in industrial countries innovate products of higher quality levels and decide whether to

transfer production rights to developing countries through licensing. Branstetter, Fisman,

and Foley (2006) analyze, empirically, the response of technology transfer through licensing

within U.S. multinational firms after IPR reforms in 16 countries receiving such transfers.

Saggi (1999) studies the implications of licensing for innovative activity, whereas Glass and

Saggi (2002) study the growth implications of licensing versus FDI. In a theoretical frame-
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work, Benhabib, Perla, and Tonetti (2017) find that licensing of excludable technologies is a

direct channel through which adoption has an effect on long-term growth. Finally, using a

quantitative model, Holmes, McGrattan, and Prescott (2015) find that quid-pro-quo prac-

tices, by which multinational firms were required to transfer technology in return for market

access, had a significant impact on welfare and global innovation.

My paper lies at the intersection of technology diffusion through market and non-market

channels. In the model I set up, technology is both non-rival and partially excludable. It is

non-rival in that ideas can diffuse freely through non-market channels to increase the stock of

knowledge abroad. It is partially excludable in that the innovator receives royalty payments

for those ideas that have been adopted to produce an intermediate good by a foreign firm.

Excludable technologies are transferred internationally through market channels. Monge-

Naranjo (2019) builds a model to analyze the entry decisions of foreign firms sending their

know-how to developing countries. Similarly to my paper, he considers both externalities

and market decisions for technology transfer. Interestingly, Monge-Naranjo (2019) finds

that openness allows developing countries to completely close the gap with the technology

frontier only when market transactions dominate the externalities. His findings reinforce

the importance of analyzing technology licensing as a vehicle of international technology

transfer. Arque-Castells and Spulber (2019) also disentangle market channels of technology

diffusion from pure knowledge spillovers.

Finally, this paper is related to a strand of literature analyzing distortions on international

technology transfer. First, several studies study the role of the quality of IPR enforcement

in international technology transfer (Yang and Maskus, 2001; Maskus, 2004; Branstetter,

Fisman, and Foley, 2006; Lin and Lincoln, 2017). In a very recent paper, Mandelman and

Waddle (2019) study the strategic interaction of trade policy and the enforcement of IPR

in the context of the current U.S.-China trade war. In their model, technology transfers

happen in arms-length relationships. Second, several studies address the role of taxation

and the legal system of the country receiving the technology (Guvenen et al., 2017; Bruner,

Rassier, and Ruhl, 2018). Different from all these approaches, my paper proposes a unified

framework to study the role of different factors on the evolution of international technology

licensing.

7



2 The Gravity Equation of Royalty Payments

This section documents some patterns of the data on bilateral royalty payments over time.

A reduced-form gravity regression of these data on a series of fixed effects allows us to

decompose the contribution of time-varying characteristics of the country sending technol-

ogy (receiving royalties), and of the country receiving technology (paying royalties), and

time-invariant country-pair characteristics. The estimated fixed effects are then analyzed

to answer the following question: what are the main economic fundamentals behind in-

ternational technology licensing? To address this question and to discipline the empirical

analysis, I set-up a multi-country endogenous growth model of innovation and diffusion in

which adopters pay royalties to foreign innovators for the right to their technology. The

model yields a structural gravity equation of royalty payments as a function of economic

fundamentals that imposes some structure to the estimated country characteristics.

2.1 Description of the Data

This section describes the main features of the royalty data used as the measure of interna-

tional technology transfer in the paper.8 The data are collected from the OECD Balanced

Trade in Services dataset for 61 countries and the period 1995-2012.9 There is a total of

65,880 observations, corresponding to 3,660 trading partners and 18 years. There are 5,464

zeros in the data (i.e., 8% of the observations are zero). The data includes both affiliated and

third-party transactions and we cannot separate between the two.10 Firms typically license

intangible assets to their subsidiaries, particularly if they are dedicated at manufacturing

arms-length of the business. In order to meet tax regulations, the royalty rate charged for

similar IP being exchanged in inter-firm and intra-firm transactions should be the same, as

it needs to meet the arm’s length principle: the fee should be the same as if the IP were

licensed to an unrelated firm. However, in practice, these arm’s length rules are not always

enforced and mispricing of IP can occur.

Royalty payments include not only technology licensing fees, but also other fees that may

not reflect IP transfer, such as franchising and trademark fees, and licenses to reproduce

8Details on other data used throughout the paper are relegated to Appendix A.
9The list of countries is reported in Appendix A.

10Later in the paper, I use royalty payments data from the BEA for the United States as either the sender
or recipient of technology to study separately flows between affiliates and between third parties.
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audiovisual products. However, according to data from the BEA, almost 80% of royalties

received by the United States from the world are composed by the outcome of research

and development and software and hence reflect technology. Furthermore, according to

Branstetter, Fisman, and Foley (2006), about 88% of royalty payments in 1989 consisted of

technology licensing fees (see also Mandelman and Waddle, 2019).

Figure 1 shows that international technology licensing has become more important over

time. Royalty payments as a share of world gross domestic product (GDP) increased by a

factor of 2.2, going from less than 0.2% in 1995 to 0.44% in 2012.

Figure 1: Evolution of International Technology Licensing between 1995-2012
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A natural question to ask is whether tax havens have contributed to the substantial

increase in royalty payments, as IP can be transferred to other countries for profit shifting

motives in order to take advantage of low taxation in those tax havens. The left panel of

Figure 2 shows the evolution of royalty payments (as a % of GDP) that excludes tax havens

from the sample (i.e., Ireland, Switzerland, the Netherlands, Luxembourg and Singapore).

Royalty payments increased by a factor of 2 in that case, so the substantial increase during

the period of analysis has not been driven mainly by tax havens.

The right panel restricts attention to transfers involving developed and developing coun-

tries. In the past years, there has been a proliferation of regional trade agreements between

these groups of countries that include strict IP provisions. These agreements may have con-

tributed to an increase in technology transfer as developing countries have been improving

their IP protection in exchange for market access.11 When I restrict attention to technology

11See https://www.stlouisfed.org/on-the-economy/2021/june/intellectual-property-rights-become-key-
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licensing between developed and developing countries, royalty payments (as a % of GDP)

increased by a factor of almost 4.

Figure 2: Evolution of International Technology Licensing between 1995-2012: Tax havens
and developing countries
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(b) Developed and developing countries
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The increase in international technology licensing could have been driven by (i) an in-

crease in technology being transferred across countries, which is the channel relevant in this

paper; and (ii) an increase in the value of such technology, reflecting for instance the fact that

some developing countries are now paying royalties for technologies that they were previously

getting though imitation. The data on royalty payments do not allow us to decompose the

importance of each channel, absent an analysis of the main fundamentals of international

technology transfer and of the distortions driving diffusion away from those fundamentals.

2.2 Reduced-Form Gravity Regression

I start by documenting several key features of royalty payments data by using techniques from

the empirical trade literature. A reduced-form gravity regression is estimated to decompose

royalty payments into three components: time-varying exporter and importer characteristics

and time-invariant country-pair characteristics. I use PPML methods developed by Silva

and Tenreyro (2006) and extended by Correia, Guimarães, and Zylkin (2019) and Larch

et al. (2019) to account for three-way fixed effects.12 The regression includes a time-varying

part-trade-deals.
12I use the Stata command ppmlhdfe (Correia, Guimarães, and Zylkin, 2019).
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bilateral dummy that captures a regional trade agreement between the country-pair, rtani,t.

That is,

RPni,t = exp [rtani,t + Sit + Fnt + dni + uni,t] (1)

where uni,t is a residual. The regional trade agreement is one that includes technology-

related provisions referring to patents and IP rights from Mart́ınez-Zarzoso and Chelala

(forthcoming).13 Country-pair fixed effects are allowed to be asymmetric. The R-squared of

the regression is 0.98.

An accounting decomposition of the R-squared into the contribution of each compo-

nent of equation (1) shows that exporter-time characteristics account for 50% of the varia-

tion of royalty payments; importer-time characteristics account for 26%; and time-invariant

country-pair characteristics account for 20% (the remaining 4% is explained by the free trade

agreement involving technology-related provisions).14 The results are reported in Table 1.

Table 1: Decomposition of the contribution of fixed effects on bilateral royalty payments:
The table reports the share of the variation of bilateral royalty payments that is explained
by the fixed effects and the residual from equation (1).

Gravity variables Contribution (percent)

Residual 2
Fixed effects 98

Exporter-time FE 50
Importer-time FE 26
Pair FE 20
RTA 4

A closer look at the estimated country-time fixed effects delivers three findings. First,

the distribution of technology exports is concentrated among a few sources, and the ranking

across the top sources has remained stable over time. The United States and Japan are

the main senders of technologies, accounting for more than 50% of exporter FE in 1995

and 40% in 2012. Tax havens such as the Netherlands have been in place 3 in both years.

13This provision contains regional trade agreements that refer to patenting activities and intellectual
property, obligations and enforcement mechanisms. It is more restrictive than the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS) in that it includes provisions related to enforcement
of TRIPs.

14The method is based on the Shapley-Owen decomposition of the R-square. To apply the method, which
is constructed for a linear model, I run an ordinary least squares (OLS) regression of the log of royalty
payments on the estimated fixed effects from equation (1).
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Second, imports of technology are less concentrated across destinations, and their ranking

has changed over time. The top-10 destinations accounted for 70% of imports both in

1995 and 2012, but they were composed of different countries. Tax havens such as Ireland,

Switzerland and Luxembourg are now top destinations of technology, with Ireland becoming

number 2 in 2012 (from 5 in 1995). China and Brazil became top 10 destinations (5 and

10, respectively) climbing from positions 21 and 22 in 1995. Hence, the composition of the

main recipients and senders of technology has changed over time. During the period of

analysis, China implemented reforms that made it more attractive to be a destination of

foreign technology (WTO accession in 2001, improvement of IPR and reforms to improve its

innovation capacity). The cases of Ireland and Switzerland may be related to profit shifting

practices that involve transfer of IP between multinational corporations. Third, countries

that are geographically close to each other tend to share more IP.

The estimated reduced-form gravity equation allows us to decompose the role of importer

and exporter characteristics in explaining royalty payments. Next, I evaluate, though the

lens of a model, what economic fundamentals can account for the patterns unveiled from

the estimation of equation (1). The model is set-up to discipline the empirical analysis and

imposes some structure to the fixed effects estimated from the reduced from gravity equation.

2.3 Structural Gravity Equation

Here I describe the main components of the model that are needed to derive a structural

gravity equation for royalty payments. The full model is described in Appendix B.

There are M countries indexed by i and n, and time is continuous and indexed by t.

The endogenous evolution of productivity is modeled as in Eaton and Kortum (1999).15

Technology is both non-rival, as there is free technology diffusion that increases the world

stock of knowledge, and partially excludable, as technology can be adopted to produce an

intermediate good more efficiently in exchange for a royalty payment.

In each country n there is a continuum of entrepreneurs who invest final output in the

amount Y r
nt to come up with a new idea. Ideas arrive at a Poisson rate, which is given by

λnTnt (Y r
nt)

βr . (2)

15This knowledge diffusion structure has also been used in the models of Santacreu (2015) and Cai, Li,
and Santacreu (2019).
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Here λnTnt represents the efficiency of innovation, which depends on λn > 0 and the stock

of knowledge already accumulated in country n at time t, Tnt. The parameter βr ∈ (0, 1)

represents diminishing returns to R&D.

Ideas are blueprints to produce an intermediate good more efficiently. Ideas can diffuse

exogenously across countries. The time lag for an idea developed in country i to diffuse to

country n is exponentially distributed with parameter εni. Diffused ideas, both domestic

and foreign, increase the stock of knowledge of country n. In this sense, they are non-rival.

The evolution of the stock of knowledge is characterized by the following expression:

Ṫnt =
M∑
i=1

εni

∫ t

−∞
e−εni(t−s)λiTis (Y r

is)
βr ds. (3)

From equation (3), the evolution of the stock of knowledge in country n at time t depends

on the past research outcomes in each country i at time s < t that have diffused to n at time

t at the rate εni.

Diffused ideas can be adopted by an intermediate producer to produce a good more

efficiently. Adoption does not occur instantaneously and only a subset of diffused ideas are

adopted. An idea developed in country i is adopted by country n if its quality surpasses the

productivity of the best idea in that country, which, given the distributional assumptions

assumed in the paper, occurs with probability 1/Tnt (see Eaton and Kortum, 1996, 1999, for

more details). If the idea is adopted, the foreign producer in country n pays the innovator

in country i a royalty fee for the right to use such an idea. In that sense, adopted ideas are

said to be excludable, and this is the way technology transfer is modeled in the paper.16

The amount of royalty payments country i receives from ideas that have been adopted

by country n, RPni,t, is given by

RPni,t = ωni,tΠnt, (4)

with ωni,t the fraction of ideas that have been developed in i and adopted by n in period

t. Equation (4) implies that, if there is perfect enforcement of IPR, adopters pay all their

profits generated with the foreign ideas to the innovators, and innovators can enforce those

payments perfectly. Imperfect enforcement of IPR would show up as an extra parameter in

front of ωin,t and could be interpreted as an externality as innovators cannot fully capture

16As noted by Correa (2003), technology transfer through licensing cannot be learned instantaneously;
successful transfers typically require some capacity to introduce technologies into a production process.
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the rewards for their R&D efforts.

On the BGP, the stock of knowledge, T , grows at a constant rate, g, which is common

for all countries. Variables are stationarized so that they are constant on the BGP; for

notational simplicity, I drop all time subindexes.

I begin by deriving an expression for ωni, which is defined as the stock of ideas that

country n has adopted from country i as a fraction of the total stock of ideas in country n;

that is,

ωni ≡
Tni
Tn
. (5)

Using equation (3) on the BGP

Tn =
M∑
i=1

Tni =
M∑
i=1

εni
εni + g

λiTi (Y
r
i )βr , (6)

we obtain an expression for equation (5) as

ωni =
εni

εni + g
λi
Ti
Tn

(Y r
i )βr . (7)

Hence, substituting into equation (4)

RPni =
εni

εni + g
λiTi (Y

r
i )βr Πn. (8)

Equation (8) resembles a gravity equation in which bilateral royalty payments between

country i and country n can be written as a function of the characteristics of the exporter i,

λiTi
(
Y R
i

)βr
; the characteristics of the importer n, Πn; and the probability that, conditionally

on being diffused, an idea developed in country i can be adopted for production in country

n, εni
εni+g

. In the model, Ti =
(
Yi
Li

)θ
where Yi

Li
represents output per capita and θ is the trade

elasticity.

3 Empirical Analysis

In this section, I evaluate how well the economic variables in equation (8) can explain the

different components of equation (1). I then identify deviations between the model and the
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data and explore the role of several channels that are not captured by the model in driving

those discrepancies.

3.1 International Technology Transfer and the Model’s Funda-

mentals

I first evaluate the predictive power of the model’s economic fundamentals in equation (8),

which can be written in logs as

log(RPni,t) = Sit + Fnt + dni.

where Sit = log

(
λi

(
Yit
Lit

)θ
(Y r

it)
βr

)
and Fnt = log (Πnt). I measure Y r

it using data on

R&D spending, and Yit
Lit

using data on GDP per capita. I construct a measure of a country’s

profitability as a function of its size—i.e., GDP—and by how remote it is to other profitable

markets—using a measure of remoteness computed, following Head and Mayer (2014), as

Remi =
∑
j

τij
Yj/Yw

, (9)

with τij the geographic distance between country i and country j, Yj the GDP of country j,

and Yw the GDP of the world, Yw =
∑

j Yj. The conjecture is that larger countries (hence

with a large internal market) and countries close to other larger markets are more profitable.

Figure 3 plots correlations between the exporter-time and importer-time fixed effects from

the gravity regression and the main model’s economic fundamentals. Each dot of the figure

represents a country-year.17 The top two panels show a clear positive relationship between

the exporter-time fixed effects and both the exporter’s R&D spending (top-left panel) and

its GDP per capita (top-right panel). Highly innovative and highly productive countries

are more likely to send technology abroad, and hence receive more royalty payments. The

bottom two panels are also consistent with the model. The bottom-left panel shows that the

more remote a technology importer is from its potential markets, the lower the importer-time

fixed effects, hence the less likely it is to receive foreign technology. The bottom-right panel

shows that larger countries are more likely to receive foreign technology.18

17Appendix E reproduced the same graphs averaged across years.
18The results are robust to using as an alternative measure of remoteness, exports over GDP.
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Figure 3: Gravity fixed effects and the model’s economic fundamentals
The figure shows correlations between exporter-time fixed effects (Y-axes of top two subplots)
and exporter’s R&D spending and productivity (X-axes of top two subplots); and between
importer-time fixed effects (Y-axes of bottom two subplots) and importer’s remoteness index
and size (X-axes of bottom two subplots). Each dot represents a country-year.
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More formally, I conduct an OLS regression of the exporter-time and importer-time

fixed effects from the gravity model on the model’s economic fundamentals predicted by the

equation (8)—i.e., on the same variables presented in Figure 3. The results are displayed in

Tables 2 and 3. Consistent with the model, Table 2 shows that the exporter’s R&D spending

and productivity have a positive and statistically significant effect on the exporter-time fixed

effects. The value of the estimated coefficient on the log of R&D spending is about 0.73.

The estimated coefficient on the log of productivity is about 0.55. These two variables alone

explain 75% of the variation of the exporter-time fixed effects.
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Table 2: Exporter-time fixed effects and economic fundamentals
This table reports OLS results from regressing exporter-time fixed effects from the gravity
regression on the exporter’s log of R&D and log of productivity.

(1) (2)

log(R&D Spending) 0.73*** 1.05***

(0.022) (0.045)

log(GDP pc exporter) 0.55*** 0.42***

(0.039) (0.054)

constant -28.32*** -35.42***

(0.43) (0.78)

Exporter FE No Yes

N 1,098 1,098

R2 0.75 0.98

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001

The results in Table 3 show that the importer’s size has a positive and statistically

significant effect on the importer-time fixed effects and that remoteness has a negative and

statistically significant impact. The estimated coefficient on the log of the importer’s GDP

is about 0.38, whereas the coefficient on the log of the remoteness index—computed as in

equation (9)—is about -0.55. Consistent with the model, larger countries are receiving, on

average, more technology; remote countries are receiving less foreign technology, as they are

less profitable because they are either close to small countries or far from large countries.

These two variables together explain around 70% of the variation in the importer-time fixed

effects.

Finally, the model is silent about the drivers of the technology diffusion parameters that

govern the bilateral fixed effects dni. Following the trade literature, I regress the country-pair

fixed effects on distance and a dummy for sharing a common border and one for sharing a

common language. I find that country pairs that are geographically and culturally closer to

each other tend to share, on average, more technology. Table 4 (first column) shows that

distance has a negative and statistically significant effect, whereas contiguity and common

language has a positive and statistically significant effect. These variables explain just about
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18% of the variation of the country-pair fixed effects.

Taken together, these results suggest that the economic variables from the model have a

good predictive power of the fixed effects estimated from the gravity regression. That is, an

important component of the variation of what the technology exporter sends abroad, and of

what the technology importer receives, can be explained by those variables. The next section

explores in more detail how well the model’s fundamentals explain international technology

licensing from the data and proposes several factors that could account for the unexplained

variation.

Table 3: Gravity importer-time fixed effects and economic characteristics
This table reports OLS results from regressing importer-time fixed effects from the gravity
regression on the importer’s log of GDP and log of the remoteness index.

(1) (2)

log(GDP importer) 0.38*** -0.17***

(0.073) (0.025)

log(Remoteness importer) -0.55*** -0.770***

(0.074) (0.048)

constant -2.03 16.43***

(3.19) (1.46)

Importer FE No Yes

N 1,098 1,098

R2 0.69 0.99

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001
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Table 4: Country-pair fixed effects and economic fundamentals
The table shows the effect of geography and cultural variables on country-pair fixed effects
from the gravity regression (first column), controlling also for importer and exporter fixed
effects (second column).

(1) (2)

log(Distance) -0.68*** -0.83***

(0.029) (0.036)

Contiguity 0.38* 0.24

(0.153) (0.131)

Common language 0.73*** 0.33***

(0.102) (0.0965)

constant 4.16*** 5.00***

(0.249) (0.444)

Exporter FE No Yes

Importer FE No Yes

N 3,608 3,608

R2 0.18 0.48

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001

3.2 Economic Fundamentals and International Technology Diffu-

sion

I regress royalty payments directly on the economic variables in equation (8). Using the

non-linear version of equation (8), I conduct the following regression with PPML methods

and for the sample of 61 countries and the period 1995-2012

RPni,t = exp

[
log

(
εni

εni + g

)
+ log

(
λiTit (Y r

it)
βr
)

+ log (Πnt) + εni,t

]
. (10)

with εni,t an error term.

The results are reported in the first column of Table 6.19 All the coefficients have the

19This exercise addresses several econometric challenges that could arise in the previous section. There,
royalty payments were first regressed on fixed effects and then the estimated fixed effects were regressed on
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expected signs and are statistically and economically significant. Country-pairs that are ge-

ographically more distant or that do not share a common language engage in less technology

transfers. Countries that do more R&D and are more productive tend to send more technol-

ogy abroad. Finally, larger countries according to their GDP or less remote countries, tend

to receive more foreign technology and, hence, pay more royalties.

Moreover, the economic fundamentals from the model seem to have a good predictive

power of bilateral royalty payments—the correlation between the data and the predicted

value of this regression is around 45%. However, some variation remains unexplained. I

explore the following three factors as potential drivers deviations between the data and

model’s fundamentals: (i) the quality of IPR enforcement, (ii) the production structure and

(iii) the tax system of the country receiving technology.

The Role of IPR Enforcement and the Production Structure Many developing

countries have complained that the amount of technology transfer received through market

channels is below optimal. Weak IPR protection could yield less than optimal technology

transfer from abroad. For an innovator to have an incentive to license a technology in a

foreign market, she must be confident that firms licensing the technology will not copy it or

leak it to other competitors. In this case, the investment climate of the technology importer

is important to attract foreign IP through licensing. To explore the role of IPR protection,

I use data from the Global Competitiveness Index (GCI) historical dataset published by

the World Economic Forum. The dataset provides rankings of countries according to their

competitiveness based on various indicators. I focus on the index of IPR protection, which

ranges from 1-7, as a measure of the quality of IPR enforcement. Figure 4a plots this index

against the log of GDP per capita for the sample of 61 countries, averaged over 1995-2012.

There is a clear positive correlation between the two variables, suggesting that developed

countries have better enforcement of IPR than do developing ones.20

Second, countries that are specialized in technology-intensive sectors may attract more

technology transfer, as they may be better at using technologies from innovative countries.

the main economic variables suggested by the model. The standard errors from the second regression could
be wrong as the estimated fixed effects are measured with error. Moreover, if some of these variables are
correlated with each other, adding them directly to the regression will yield different estimated coefficients.
Yet, the previous analysis was informative, as a first step, to evaluate the predictive power of the model’s
economic fundamentals on the country characteristics identified from the gravity regression.

20Chen and Puttitanun (2005) find a U-shaped relationship using the Ginarte and Park (1997) index. The
correlation between the index used in this paper and that from Ginarte and Park (1997) is around 62%.
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Thus, I compute a measure of technology-intensity of production. For each country i, I

collect data on value added at the industry level, V Aji , and compute the country’s value-

added share in each industry j. I then interact that measure with the number of patents

that the United States—as the most innovative country in the sample— has generated in

that industry j, as follows:

ProdStri =
J∑
j=1

V Aji∑J
j=1 V A

j
i

(1 + P j
US,t) (11)

where J is the number of industries and P j
US,t represents patent applications of the United

States in industry j.

Figure 4b shows that countries specialized in highly innovative sectors receive, on average,

more technology transfer.

Figure 4: IPR protection, production and the legal system
These figures plot the correlation between GDP per capita and: IPR protection and the
production structure

GDP pc and IPR protection
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I extend the baseline model to control for the importer’s IPR quality and production

structure. The results are reported in the second column of Table 6. These additional

variables all have statistically significant coefficients and the signs are as expected. Countries

with good quality IPR protection and those specialized in very innovative sectors receive on

average more technology. All the other economic variables retain their value and statistical

significance except for those relating to the importer: Remoteness becomes non-significant
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Table 5: Contribution of economic fundamentals by level of development: This table de-
composes the R-squared from the same regression as that in the second column of Table 6.
I restrict the analysis to developed countries exporting technology to (i) the whole sample
of countries (first column), (ii) developed countries (second column), and (iii) developing
countries (third column).

All Developed Developing
Distance 6.8 9.1 1.6
Language
R&D 58.5 55.8 58.2
GDPpc
Remoteness 24.7 25.9 23.7
GDP
IPR 10.0 9.2 16.4
Production

and the size of the destination becomes more important. This suggests that the additional

controls are correlated with importer characteristics but not with those of the exporter or

the country-pair.

Controlling for the additional variables improves the fit of the model, increasing the R-

square from 45% to 57%. The quality of IPR enforcement and the production structure

are particularly important in explaining technology transfers from developed to developing

countries. To show this, I conduct the same regression as the one in the second column of

Table 6, but I restrict the analysis to developed countries as technology exporters. I then

analyze, separately, technology transfers to (i) the whole sample of countries, (ii) developed

countries, and (iii) developing countries, and compute the contribution of the model’s fun-

damentals and additional controls in explaining the variation of royalty payments for each

of the three groups of countries. The results are reported in Table 5.

Regardless of the level of development of the destination, the exporter characteristics

(i.e., R&D spending and GDP per capita) explain over one-half of the variation in royalty

payments to developed countries. The importer characteristics (i.e, remoteness and GDP)

explain about one-fourth. However, distance and common language are more important in

explaining technology transfers to developed countries, whereas the quality of IPR enforce-

ment and the production structure are almost twice as important for developing economies

than for developed ones.

Using these findings, a back-of-the-envelope calculation shows that, given the observed
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quality of IPR enforcement, China has received on average about 20% (270 million USD)

less technology transfer from the United States than if there was perfect enforcement of IPR

(i.e., if the IPR index was that of the United States). To do this exercise I use the results

from the regression displayed in the second column of Table 6, but set the index of IPR

enforcement in China to that in the United States. These numbers would have been 123%

(240 million USD) for Indonesia, 542% (1.21 billion USD) for India, and 146% (490 million

USD) for Turkey, respectively.

The Role of Tax Havens It has been argued that multinational companies use transfer-

pricing through royalty payments to shift profits abroad and avoid paying taxes (see Guvenen

et al., 2017; Bruner, Rassier, and Ruhl, 2018). In those situations, fluctuations in royalty

payments could reflect profit-shifting motives rather than the true value of the technology.

Countries with special tax regimes and a large presence of multinational activity are more

prone to engage in these practices, as these payments occur between affiliates of multinational

corporations. Indeed, we observe large amounts of royalty payments involving countries such

as Ireland, the Netherlands, Luxembourg, Switzerland and Singapore, which are well known

for their special tax regimes and FDI presence. According to BEA data, between 2007 and

2012, 98% of royalties paid from Ireland to the US were affiliated transactions (similarly for

the Netherlands, Luxembourg, Switzerland and Singapore).

To capture this possibility I control for dummy variables that equal 1 if either the tech-

nology importer or exporter has a special tax regime and that equals zero otherwise. The

countries with special tax regimes are Ireland, Luxembourg, the Netherlands, Singapore and

Switzerland. I also control for the amount of FDI in the destination country using a variable

for FDI presence from the GCI historical dataset. The results are reported in the third

column of Table 6. Controlling for the additional variables increases the correlation between

the model and the data from 45% to 72%, improving significantly the fit of the model. The

additional variables have a positive effect on royalty payments and are statistically signifi-

cant. A larger presence of FDI in the country receiving the technology would imply more

royalty payments from that country. Similarly, countries with special tax regimes would be

paying and receiving more royalties.

Finally, note that controlling for FDI and tax havens in the third column of Table 6 does

not change the estimated coefficients of the other variables, except for the IPR enforcement
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Table 6: Bilateral royalty payments and economic fundamentals: This table reports PPML
estimation results of the regression of bilateral royalty payments for 61 countries for the
period 1995-2012 on economic fundamentals and additional controls. A time trend is included
in all regressions.

(1) (2) (3)

log(Distance) -0.251*** -0.268*** -0.294***
(0.0209) (0.0194) (0.0173)

Common language 0.795*** 0.690*** 0.366***
(0.0809) (0.0712) (0.0520)

log(R&D spending exporter) 0.858*** 0.868*** 1.103***
(0.0184) (0.0174) (0.0195)

log(GDP pc exporter) 1.408*** 1.440*** 0.717***
(0.0854) (0.0860) (0.0665)

log(Remoteness importer) -0.252** 0.0177 -0.274***
(0.0798) (0.0826) (0.0702)

log(GDP importer) 0.472*** 0.677*** 0.649***
(0.0948) (0.0937) (0.0698)

IPR protection importer 0.301*** -0.0186
(0.0175) (0.0246)

Production structure importer 1.171*** 0.655***
(0.0529) (0.0450)

FDI importer 0.948***
(0.0825)

Tax haven exporter 1.818***
(0.0867)

Tax haven importer 1.109***
(0.0559)

N 65,880 65,880 65,880
R2 0.450 0.564 0.722

Standard errors in parentheses.

* p < 0.05, ** p < 0.01, *** p < 0.001
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variable, which becomes statistically non-significant. The main reason for this result is

that there is a high correlation between the enforcement of IPR and the presence of the FDI

variable. Countries with a significant presence of multinational activity have a better quality

of IPR protection.21

The data on royalty payments used throughout the paper do not distinguish between

affiliated and third-party transactions. This distinction is important as it has been argued

that multinational corporations are more prone to engage in transfer pricing through royalty

payments than are third parties. Hence analyzing the effect of economic fundamentals on

these two types of transactions separately could be informative about the role of transfer-

pricing through royalty payments.

Bilateral data that decompose royalty payments between affiliated and unaffiliated trans-

actions are not available for many countries over time. However, the BEA publishes these

data for the United States as either the origin or the destination of these payments. That

is, with those data we can measure the amount of royalties paid by the United States to

Ireland or by the Netherlands to the United States, but we cannot measure royalties paid

from Ireland to the Netherlands.

The data are reported in the International Transactions, International Services, and

International Investment Position tables of the BEA under the title “Charges for the use of

intellectual property.”22 They are disaggregated into affiliated and unaffiliated transactions

and are available between 2006 and 2012 for the United States—both as a sender and as a

recipient of technology—with respect to the other countries in the sample.23

Between 2006 and 2012, 40% of all royalty payments received by the United States

proceeded from unaffiliated parties. These numbers vary substantially across technology-

importing countries. In Ireland, for instance, less than 2% of royalty payments to the United

States proceeded from unaffiliated firms. In Switzerland, this ratio was also low, while in

South Korea it was about 80%. Ireland and Switzerland are also receiving large amounts of

21I explore this point further in Appendix D where I conduct the same regression analysis, but distin-
guishing between developed and developing countries.

22See https://apps.bea.gov/itable/itable.cfm?reqid=62&step=1. Table 2.2 in that link contains
information on trade in services by type of service and by country or affiliation between 2006 and 2012.

23The partner countries are Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, Chile, China, Colom-
bia, Croatia, Denmark, Estonia, Finland, France, Germany, Greece, Hong Kong, Hungary, India, Indonesia,
Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania, Luxembourg, Malaysia, Malta, Mexico, the Nether-
lands, New Zealand, Norway, Philippines, Poland, Portugal, Romania, Russia, Singapore, Slovak Republic,
Slovenia, South Africa, Spain, Sweden, Switzerland, Thailand, Turkey, United Kingdom and Vietnam.
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royalty payments from the United States. These numbers suggest that technology transfers

to those countries may be driven by motives other than economic fundamentals.

I conduct a PPML regression analysis on (i) total IP flows, (ii) IP flows between affiliated

parties, and (iii) IP flows between unaffiliated parties using the BEA data. Because this

information is available only for transactions between the United States and other countries,

this is an unbalanced panel. The results are reported in Table 7.

The results show that most economic fundamentals maintain their sign and statistical

significance across the different types of transactions. One exception is the remoteness index

coefficient, which is positive for affiliated transactions and negative for third-party transac-

tions. This result may suggest that licensing IP through affiliates is motivated by taking

advantage of lower production costs of tax regimes rather than moving production abroad

to access a foreign market.

Moreover, the coefficient on the tax haven dummy is larger when the transactions are

between affiliates than when they are with third parties. This indicates a larger amount

of affiliated IP flows in countries that have special tax regimes. Hence, in countries with

special tax regimes, royalty payments may not be a good measure of international technology

transfer as they may be driven for reasons other than economic fundamentals.

These results suggest the following: (i) The additional controls are important drivers

of international technology transfer; (ii) the quality of IPR protection and the specializa-

tion in production are particularly important to explain technology licensing in developing

economies; and (iii) multinational activity and special tax regimes are important in ex-

plaining royalty payments involving tax havens. Controlling for these variables can expose

profit-shifting practices in countries with special tax regimes. Hence, extending the model

along these dimensions will be important to do a full quantitative analysis of the effects of

technology diffusion on innovation, welfare and growth.

4 Concluding Remarks

This paper has identified, through the lens of a multi-country general equilibrium model

of innovation and international technology diffusion with perfect IPR protection, the main

economic fundamentals of international technology transfer. The paper has used royalty

payments as a novel and more direct measure of technology transfer that is available for a
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Table 7: Bilateral royalty payments between affiliated and unaffiliated parties: This table
reports PPML estimation results of the regression of bilateral royalty payments from BEA
data for the United States, both as receiver and as sender of technology, with respect to
the other 50 countries, for 2006-2012. The regressions are performed on all the firms (first
column), unaffiliated (second column) and affiliated firms (third column).

(1) (2) (3)
Total Affiliated Unaffiliated

log(Distance) -1.02*** -1.41*** -0.25
(0.15) (0.17) (0.17)

Common language 0.80*** 1.04*** 0.42***
(0.086) (0.11) (0.085)

log(R&D spending exporter) 1.17*** 1.49*** 0.89***
(0.060) (0.11) (0.052)

log(GDP pc exporter) 0.21* 0.92** 0.58***
(0.098) (0.30) (0.090)

log(Remoteness importer) 0.060 0.25*** -0.13**
(0.041) (0.051) (0.046)

log(GDP importer) 0.95*** 1.09*** 0.71***
(0.038) (0.050) (0.046)

Production structure importer 1.10*** 0.72*** 1.47***
(0.18) (0.20) (0.26)

IPR protection importer 0.016 0.12* 0.16*
(0.048) (0.052) (0.068)

Tax haven exporter 1.64*** 2.15*** 0.52*
(0.19) (0.29) (0.21)

Tax haven importer 1.65*** 1.95*** 0.023
(0.14) (0.19) (0.18)

N 600 508 522
R2 0.78 0.74 0.70

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001
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large sample of countries over time. Deviations between the data and the model’s predictions

have been explained with the following three channels that are not captured by the model:

(i) imperfect enforcement of IPR, (ii) taxation and the legal system, and (iii) the structure

of production. Controlling for these channels significantly improves the fit of the model.

Several caveats of the data have been addressed in the paper. In particular, controlling for

countries with special tax regimes as well as distinguishing between affiliated and unaffiliated

transactions can shed light on the role of taxation issues in driving royalty payments for

reasons other than economic fundamentals.

The analysis has identified several important channels that would be relevant to model

explicitly in a quantitative framework analyzing international technology diffusion. First, the

model could be extended to include patenting decisions of innovators when there is imperfect

enforcement of IPR (i.e., when there is a positive probability of imitation or misappropriation

of a foreign technology). Second, it could be extended to model the decision of a firm in a

high corporate income tax country to transfer technology to an affiliate in a low corporate

income tax country for profit-shifting motives. Finally, a multi-sector environment that

accounts for the structure of production of the country could explain the amount of licensing

observed in developing countries. The empirical strategy proposed in the paper could be

used to discipline model’s parameters in quantitative work. I leave these extensions, as well

as a more formal quantitative analysis of the model, for future research.
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APPENDIX

A Data

Royalties data Total trade in services, and IP services: OECD, Trade in Services Bal-

anced Panel EBOPS 2012.

Trade Gravity Data collected from CEPII Gravity and contains bilateral dummy vari-

ables (such as common language, colonial relationship, etc) and other bilateral country spe-

cific variables (such as GDP, area, weighted distance, etc).

http://www.cepii.fr/CEPII/en/bdd modele/presentation.asp?id=8

Trade Data reported by CEPII’s BACI dataset by year in the HS6-92 level of industry

aggregation. Data are reported as thousands of USD.
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http://www.cepii.fr/CEPII/en/bdd modele/presentation.asp?id=37

Research and Development Spending Data collected from the World Bank’s World

Development Indicators dataset. They are reported as an annual percentage of GDP for

each country. Data downloaded for each year and country in the sample.

https://databank.worldbank.org/source/world-development-indicators/preview/on

Patent applications WIPO patent database for total patents applied, by applicants’ ori-

gin, for each country by year. Raw data: https://www3.wipo.int/ipstats/index.htm?tab=patent

Global Competitiveness Data collected from the World Economic Forum’s GCI data.

Dataset is a series on indices, on a scale from 1-7.

http://www3.weforum.org/docs/GCR2017-2018/GCI Dataset 2007-2017.xlsx

Value added by industry Data reported by UNIDO INDSTAT 2 2020 by year and by

industry aggregated at ISIC rev.3 for Manufacturing industries. Data are reported in current

prices of USD in exact units value.

https://stat.unido.org/

Patent data by industry USPTO’s PTMT database. Data are reported at the three-

digit NAICS level.

https://www.uspto.gov/web/offices/ac/ido/oeip/taf/naics/naics stc wgall/naics stc

wg.htm

Royalty payments by affiliation US Trade, Services, by Affiliation (current prices, mil-

lions, US$) from the BEA for 2007-2012.

https://apps.bea.gov/iTable/bp download modern.cfm?pid=4

GDP Deflator World Bank for 1995-2012
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https://data.worldbank.org/indicator/NY.GDP.DEFL.ZS
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Table 8: Country list

Country Name ISO-code Country Name ISO-code

Argentina ARG Korea KOR

Australia AUS Kyrgyzstan KGZ

Austria AUT Latvia LVA

Azerbaijan AZE Lithuania LTU

Belgium BEL Luxembourg LUX

Brazil BRA Malaysia MYS

Bulgaria BGR Mauritius MUS

Canada CAN Mexico MEX

Chile CHL Netherlands NLD

China CHN New Zealand NZL

Colombia COL Norway NOR

Croatia HRV Philippines PHL

Denmark DNK Poland POL

Ecuador ECU Portugal PRT

Egypt EGY Romania ROM

Estonia EST Russia RUS

Finland FIN Singapore SGP

France FRA Slovak Republic SVK

Georgia GEO Slovenia SVN

Germany DEU South Africa ZAF

Greece GRC Spain ESP

Hong Kong HKG Sweden SWE

Hungary HUN Switzerland CHE

Iceland ISL Thailand THA

India IND Tunisia TUN

Indonesia IDN Turkey TUR

Iran IRN United Kingdom GBR

Ireland IRL United States USA

Israel ISR Uruguay URY

Italy ITA Vietnam VNM

Japan JPN
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B The Model

B.1 Households

In each country i there is a representative household with lifetime utility∫ ∞
t=0

eρt log(Cit)dt, (12)

where ρ ∈ (0, 1) is the discount factor and Cit represents consumption of country i at time t.

The household consumes, finances R&D activities of entrepreneurs, and owns all the firms.

In return, the household receives labor income and the profits generated by entrepreneurs.

The household’s budget constraint is given by

PitCit + ȧit = ritait + Πit +WitLit + TDit,

where Pit is the price of the final good (to be defined later), ait is the household’s holding of

firms’ shares, rit is the return on assets, Πit is the profit of firms that the household receives

from financing firms’ R&D activities, WitLit is labor income, and TDit is the trade deficit.

B.2 Production

In each country i, a domestic final producer uses traded intermediate goods ω to produce a

nontraded good, Yit, according to the constant elasticity of substitution technology:

Yit =

(∫
xit(ω)

σ−1
σ dω

) σ
σ−1

. (13)

In this expression, σ > 1 is the elasticity of substitution across intermediate goods and xit(ω)

is the demand of intermediate goods.

In each country i, there is a continuum of intermediate producers indexed by ω ∈ [0, 1]

that use labor lit(ω) to produce a traded intermediate good according to the following

constant-returns-to-scale technology

xit(ω) = zit(ω)lit(ω). (14)

Firms are heterogeneous in their productivity zit(ω). The cost of producing each intermediate
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good ω is

cit(ω) =
Wit

zit(ω)
, (15)

where cit(ω) is the cost of production and Wit the nominal wage rate. Intermediate producers

operate under Bertrand competition and their equilibrium prices are characterized next.

B.3 International Trade

Trade in goods is costly. In particular, there are iceberg transport costs so that shipping a

good from country i to country n requires producing dni > 1 units of the good in country

i. The “triangular” inequality holds; thus dihdhn > din. Bertrand competition is modeled as

in Bernard et al. (2003). Final producers buy from the lowest-cost supplier, who charges a

price that is a function of the production cost of the second-lowest-cost supplier.

Trade is Ricardian, since productivity is allowed to vary by country (as in Eaton and

Kortum, 2002). The productivity of producing a variety ω in country i is a random variable

drawn from a Fréchet distribution, which is characterized by Tit and by the shape parameter

θ > 1: F (zi) = exp{−Titz−θ}. A higher Tit reflects higher fundamental productivity, whereas

a lower θ reflects higher dispersion of productivity within the country.

Given these distributional assumptions, it can be shown that24

Pit = B (Φit)
−1/θ , (16)

where B =
[

1+θ−σ+(σ−1)(m̄)−θ

1+θ−σ Γ
(

2θ+1−σ
θ

)]1/(1−σ)

, m̄ = 1
1−σ is the markup, and Γ[.] is the

gamma function. Also,

Φit =
M∑
n=1

Tit (Witdin)−θ . (17)

Given the distributional assumptions on productivity, the probability that country n is

the lowest-cost supplier to country i is

πin,t =
Tnt (Wntdin)−θ

Φit

. (18)

Since there is a continuum of intermediate goods, it follows that πin,t is also the fraction of

24See Bernard et al. (2003) for details on the derivation.
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goods that country n sells to country i. Formally, the share that country i spends on goods

from country n is

πin,t =
Xin,t

Xit

. (19)

Here Xit = PitYit represents country i’s total expenditure on goods and Xin,t denotes the

value of intermediate products that country i buys from country n.

In the model, Tnt is endogenous, and it represents the stock of knowledge available in

country n at time t. I next describe the determinants of the evolution of Tnt.

B.4 Innovation and Knowledge Spillovers

Here I describe the main drivers of the evolution of the stock of knowledge in a country:

innovation and knowledge spillovers. In each country n there is a continuum of entrepreneurs

who invest final output Y r
nt to come up with a new idea. Ideas arrive at a Poisson rate, which

is given by

λnTnt (Y r
nt)

βr . (20)

Here λnTnt represents the efficiency of innovation, which depends on λn > 0 and the stock

of knowledge already accumulated in country n at time t, Tnt. The parameter βr ∈ (0, 1)

represents diminishing returns to R&D.

Ideas are blueprints to produce an intermediate good more efficiently. New ideas are

characterized by two random variables: the good to which they apply, which is drawn from

a uniform distribution [0, 1], and the quality of the idea, which is assumed to be distributed

Pareto. Research efforts are targeted at any good in the continuum.

Ideas can diffuse exogenously across countries. The time lag for an idea developed in

country i to diffuse to country n is exponentially distributed with parameter εni. Diffused

ideas, both domestic and foreign, increase the stock of knowledge of country n. In this

sense, they are “non-rival.” The evolution of the stock of knowledge is characterized by the

following expression:

Ṫnt =
M∑
i=1

εni

∫ t

−∞
e−εni(t−s)λiTis (Y r

is)
βr ds. (21)

From equation (21), the evolution of the stock of knowledge in country n at time t depends
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on the past research outcomes in each country i at time s < t that have diffused to n at time

t at the rate εni.

Diffused ideas can be adopted by an intermediate producer to produce a good more

efficiently. Adoption does not occur instantaneously and only a subset of diffused ideas is

able to be adopted. An idea developed in country i is adopted by country n if its quality

surpasses the productivity of the best idea in that country, which given the distributional

assumptions assumed in the paper, occurs with probability 1/Tnt (see Eaton and Kortum,

1996, 1999; Cai, Li, and Santacreu, 2019, for more details). If the idea is adopted, the

foreign producer in country n pays the innovator in country i a royalty fee for the right to

use such an idea. In that sense, adopted ideas are said to be “excludable,” and this is the

way technology transfer is modeled in the paper.25

The value of an innovator in country i is

Vit =
M∑
n=1

∫ ∞
t

e−
∫ s
t riudu

(
1− e−εin(s−t)) Πns

Tns
ds, (22)

where Πns are profits given by

Πns =

∑M
i=1 πinXis

1 + θ
. (23)

The value of an innovation in equation (22) is thus the present discounted value of profits,

both domestic and foreign, that intermediate producers expect to make with a foreign tech-

nology. It incorporates the possibility that the technology is surpassed by a better technology

in the future, through Tns, in which case the intermediate producer leaves the market.26

B.5 Market Clearing Conditions

The labor market clearing condition is

WitLit =
M∑
n=1

πni,tXnt. (24)

25As noted by Correa (2003), technology transfer through licensing cannot be learned instantaneously;
successful transfers typically require some capacity to introduce technologies into a production process.

26Chaney (2008) also introduces an international market of ideas in which there are international royalty
payments.
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Total income is composed of labor income and profits

PitYit = WitLit + Πit. (25)

Trade is not balanced in each country, because there are royalty payments across coun-

tries. The balance of payments equation is

PitYit − PitCit =
M∑
n=1

RPni,t, (26)

where RPni,t is the amount of royalty payments country i receives from ideas that have been

adopted by country n, which is given by

RPni,t = ωni,tξntΠnt, (27)

with ωni,t the fraction of ideas that have been developed in i and adopted by n. Equation

(27) implies that, if there is perfect enforcement of IPR (i.e., ξnt = 1), adopters pay all their

profits generated with the foreign ideas to the innovators, and innovators can enforce those

payments perfectly.

C Robustness

Several robustness exercises confirm the importance of economic fundamentals to explain

technology transfer measured with royalty payments. First, I decompose the R&D spending

of the exporter into the R&D per capita and the population and study the effect of both

variables separately on royalty payments. If larger countries are spending more into R&D,

it could be that population rather than R&D intensity would be the reason why countries

that invest more in R&D send more technology abroad.

C.1 Decomposing R&D spending into R&D pc and population

In this robustness exercise I study, separately, the effect of R&D intensity and population of

the exporter in explaining bilateral royalty payments. Table 9 shows that both variables are

economically and statistically significant across different specifications. Countries that put
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more effort into R&D activities are more likely to send technology abroad. Similarly, larger

countries will experience more royalty payments on average.

Table 9: Robustness: Bilateral royalty payments and economic fundamentals separating the
effect of R&D per capital and population in explaining royalty payments.

(1) (2) (3)

log(Distance) -0.255*** -0.273*** -0.296***

(0.0211) (0.0197) (0.0169)

Common language 0.761*** 0.659*** 0.295***

(0.0812) (0.0713) (0.0530)

log(R&D pc exporter) 0.505*** 0.522*** 0.560***

(0.0566) (0.0550) (0.0496)

log(Population exporter) 0.913*** 0.923*** 1.205***

(0.0188) (0.0175) (0.0223)

log(GDP pc exporter) 1.900*** 1.921*** 1.528***

(0.118) (0.116) (0.0996)

log(Remoteness importer) -0.244** 0.0316 -0.260***

(0.0795) (0.0819) (0.0666)

log(GDP importer) 0.483*** 0.692*** 0.676***

(0.0948) (0.0932) (0.0661)

IPR protection importer 0.300*** -0.0243

(0.0175) (0.0239)

Production structure importer 1.172*** 0.650***

(0.0525) (0.0429)

FDI importer 0.982***

(0.0824)

Tax haven exporter 1.866***

(0.0874)

Tax haven importer 1.109***

(0.0541)

N 65,880 65,880 65,880

R2 0.45 0.56 0.73

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001
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C.2 Trade in Goods vs Trade in Technology

International trade in goods and royalty payments are highly correlated: Country-pairs that

trade more in goods also trade more in technology. In this section, I explore whether the

economic fundamentals explaining technology transfer also impact trade in goods in the same

way. To do that, I conduct the same regression analysis as in Section 3 using trade in goods

as the dependent variable and compare the effect of the various economic fundamentals

with respect to the results obtained with royalty payments. The results are reported in

Table 10. The first two columns do not control for tax havens or FDI, whereas columns

3 and 4 incorporate those variables in the regression. The results indicate that there are

several differences in the effect of the economic fundamentals studied in the paper on trade in

goods vs trade in technology. Distance has a more negative effect on trade than on royalty

payments. Once we control for the R&D spending of the exporter, GDP per capita has

a negative effect on trade in goods. Remoteness has a positive effect on trade. Being a

large country that is closed to other larger countries is a more important factor to license

technology that then can be produced and commercialized abroad. However, to export a

good, it does not matter whether the destination is close to other profitable markets. This

could indicate that technology trade is a substitute for trade in goods. IPR protection is

more relevant for technology transfer than for international trade. Licensing a technology

abroad may be subject to imitation to a larger extent than selling a product through exports.

Finally, the role of FDI and tax havens is much more important for trade in technology than

for trade in goods.
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Table 10: Robustness: The effect of economic fundamentals on trade in goods vs royalty
payments.

(1) (2) (3) (4)

Royalties Trade Royalties Trade

log(Distance) -0.268*** -0.725*** -0.294*** -0.728***

(0.0194) (0.00867) (0.0173) (0.00843)

Common language 0.690*** 0.480*** 0.366*** 0.415***

(0.0712) (0.0288) (0.0520) (0.0291)

log(R&D spending exporter) 0.868*** 0.624*** 1.103*** 0.635***

(0.0174) (0.00659) (0.0195) (0.00675)

log(GDP pc exporter) 1.440*** -0.347*** 0.717*** -0.372***

(0.0860) (0.0139) (0.0665) (0.0141)

log(Remoteness importer) 0.0177 0.653*** -0.274*** 0.562***

(0.0826) (0.0403) (0.0702) (0.0415)

log(GDP importer) 0.677*** 1.388*** 0.649*** 1.348***

(0.0937) (0.0396) (0.0698) (0.0403)

IPR protection importer 0.301*** -0.0160 -0.0186 -0.0989***

(0.0175) (0.00906) (0.0246) (0.0105)

Production structure importer 1.171*** 0.501*** 0.655*** 0.394***

(0.0529) (0.0243) (0.0450) (0.0248)

FDI importer 0.948*** 0.226***

(0.0825) (0.0266)

Tax haven exporter 1.818*** 0.297***

(0.0867) (0.0253)

Tax haven importer 1.109*** 0.368***

(0.0559) (0.0444)

N 65,880 62,899 65,880 62,899

R2 0.564 0.652 0.722 0.662

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001
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D The Level of Development

I conduct the same regression analysis, splitting the sample of destination countries into

developed and developing economies. The results are reported in Table 11.

The table shows some differences in the effect of economic variables on technology trans-

fers depending on the level of development of the destination. The estimated coefficient in

the remoteness index reverses its sign and the GDP of the importer becomes a more im-

portant driving force of international technology transfer to developing countries. Moreover,

the effect of the FDI variable is non-significant for developing countries, whereas it has a

positive and significant effect in the case of developed countries. Finally, the quality of the

IPR protection is more important for developing countries whereas it has the opposite sign in

the case of developed countries receiving foreign technology. This corroborates the previous

finding that the quality of IPR is especially important for developing economies.

E Additional Figures

Figure 5 reproduces the graphs in Figure 3, averaging across time for each country. The

results are consistent with the model. For instance, the United States and Japan are the

main technology exporters (i.e, have the largest average exporter fixed effects), and they also

have the largest R&D spending and productivity. The United States, Japan and Ireland are

the main technology importers (i.e, have the largest average importer fixed effects). The

United States and Japan have the lowest remoteness index and the largest GDP. Ireland

is an outlier in that, despite not being among the most profitable countries based on its

remoteness index and GDP, it is one of the main recipients of foreign technology. The next

section explores this point further.
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Table 11: IPR enforcement and the level of development

Developed Developing
log(Distance) -0.28*** -0.54***

(0.017) (0.036)
Common language 0.42*** -0.24***

(0.054) (0.060)
log(R&D spending exporter) 1.10*** 1.13***

(0.020) (0.024)
log(GDP pc exporter) 0.73*** 0.65***

(0.0713) (0.063)
log(Remoteness importer) -0.33*** 0.96***

(0.069) (0.13)
log(GDP importer) 0.61*** 1.56***

(0.069) (0.14)
FDI importer 0.97*** 0.023

(0.083) (0.102)
IPR protection importer -0.07** 0.30***

(0.025) (0.060)
Production structure importer 0.67*** 0.67***

(0.050) (0.085)
Tax haven exporter 1.84*** 1.63***

(0.091) (0.080)
Tax haven importer 1.13***

(0.057)
N 47,640 18,240
R2 0.73 0.85

Standard errors in parentheses

* p < 0.05, ** p < 0.01, *** p < 0.001
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Figure 5: Gravity fixed effects and economic characteristics, averaged over 1995-2012
The figure shows correlations between exporter fixed effects (Y-axes of top two subplots) and
the exporter’s R&D spending and productivity (X-axes of top two subplots); and between
importer fixed effects (Y-axes of bottom two subplots) and the importer’s remoteness index
and size (X-axes of bottom two subplots). Each dot represents a country, averaged across
1995-2012.
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