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Abstract

In this paper we document that the probability that a product
is added to a country’s export basket is, on average, 65% larger if a
neighboring country is a successful exporter of that same product. We
interpret our result as evidence of international intra-industry knowl-
edge diffusion. Our results are consistent with the overall consensus in
the literature on technology spillovers: diffusion is stronger at shorter
distances; is weaker for more knowledge-intensive products; and has

become faster over time.
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1 Introduction

The process through which technology diffuses across countries has been im-
plicit in economic debates for decades because it lies at the heart of the “Great
Divergence” of incomes across countries (Maddison, 1995; Pritchett, 1997).
Much of the endogenous growth literature has assumed that productivity is
related to the number of intermediate inputs that are used in production
(e.g. Rivera-Batiz & Romer, 1990; Romer, 1990; Aghion & Howitt, 1991;
Grossman & Helpman, 1991). If intermediate inputs are tradable, the world
should have converged, as any country could mobilize as many intermedi-
ate inputs as are globally available. If intermediate inputs are non-tradable
(Rodriguez-Clare, 1996; Rodrik, 1996), then the number of locally available
inputs will affect productivity, potentially explaining divergence. How far
can intermediate inputs be mobilized internationally is therefore an impor-
tant question.

International technology diffusion has been tackled explicitly in a bur-
geoning literature that uses a variety of approaches. Some explanations as-
sume that technology diffuses broadly across countries because it is embedded
in products, such as machines or intermediate inputs, and thus enhances the
production possibilities of downstream producers that may import these in-
termediate inputs from faraway places. This literature has tested, among
other things, for the impact of import volume and variety on the produc-
tivity of the home country (e.g. Coe & Helpman, 1995; Eaton & Kortum,
2001; Coe, Helpman, & Hoffmaister, 2009; Acharya & Keller, 2009). Other
explanations take into account the non-excludable and non-rivalrous charac-
ter of knowledge, and suggest that innovations developed by one firm can
be acquired or copied by other firms, often in the same industry, through
a variety of channels including foreign direct investment (e.g. Markusen &
Venables, 1999; Larrain, Lopez-Calva, & Rodriguez-Clare, 2000; Branstetter,
2006; Keller & Yeaple, 2009).

The emerging consensus in the economic literature suggests intra-industry



technological diffusion occurs predominantly at a fairly short range: it is
more of a local than a global phenomenon (Jaffe et al. 1993; Branstetter,
2001; Keller, 2002; Bottazzi & Peri, 2003). This is usually interpreted as the
consequence of the fact that much of technology is not embodied in materials
or machines, but takes the form of tacit knowledge (Polanyi ,1962), that
by definition is not codified and hence cannot be easily transferred through
either blueprints or instruction manuals. In other words, knowledge diffusion
requires more direct forms of human interaction which limits its scope to more
localized or idiosyncratic settings (Arrow, 1969).

In a world in which knowledge diffuses preferentially at short ranges,
a country’s economic structure, as well as its evolution, will be shaped by
the tacit knowledge available in neighboring countries. As a consequence,
the evolution of a country’s comparative advantage, productivity and eco-
nomic growth will be partially determined by the amount and kind of tacit
knowledge that exists in its neighborhood. These effects could be important
because, according to Keller, foreign sources of technology account for 90%
of domestic productivity growth (Keller, 2002; Keller, 2004).

Measuring knowledge diffusion and technology spillovers, however, is dif-
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ficult. As noted by Krugman (1992), knowledge spillovers “. .. are invisible;
they leave mo paper trail by which they may be measured and tracked, and
there is nothing to prevent the theorist from assuming anything about them
that she likes”. Despite these difficulties, researchers have found ingenious
ways to measure diffusion by proxying technology, basically, through two
indicators: patent citations (e.g. Jaffe et al. 1993; Bottazzi & Peri, 2003;
Branstetter, 2006) and measures of total factor productivity (e.g Coe & Help-
man, 1995; Keller, 2002; Keller & Yeaple, 2009).

In this paper we provide evidence that intra-industry knowledge diffusion
are strongly affected by distance, confirming the predominantly local charac-
ter of the intra-industry technological diffusion process. We do so by looking

at evidence of diffusion in a realm that has hitherto not been used for this



purpose: the entrance of new products into the export basket of countries.
We posit that making a product requires varying amounts of specific tacit
knowledge. If this is so, then the similarity in the composition of exports be-
tween countries at any point in time and its dynamic evolution must contain
evidence of this process. Countries that can make a product that they did
not invent must have acquired the requisite knowledge from somewhere. If
knowledge acquisition is affected by distance, then the countries that export
a given product must be much nearer to each other than we would expect,
given their other characteristics. If we look at the level of the country as a
whole, its export basket must have evolved to be similar to that of its neigh-
bors. Moreover, beyond static comparisons, we should be able to observe the
role of neighbors in the dynamics of adoption of new products. In this paper
we document this evidence. In particular, we show that the export basket
of countries is predominantly similar to that of its neighbors and that the
dynamic adoption of new export products in strongly influenced by having
a neighbor that is already a successful exporter of it.

Similarity in the export basket of countries, however, can be driven by
factors other than technological diffusion. Similarity in geology, climate,
tastes, factor endowments, income levels and other characteristics may have
caused the export basket of neighboring countries to become similar, even in
the absence of technology spillovers from one to the other. We therefore need
to control, to the extent possible, for other factors that could also affect our
observables. We do so in a variety of ways that will be discussed throughout
the paper.

If we think of each product as the result of a production function with a fi-
nite number of intermediate goods, including the specific know-how required
to produce them, then only in the presence of such know-how a country will
be able to successfully export that product. Under this view, it is straight-
forward to see how knowledge diffusion can actually shape the productive

structure of countries, since the tacit knowledge that a country will have



available to it will depend on the presence of that knowledge in nearby or
otherwise highly connected places. As argued by Keller (2002), “If technol-
ogy diffusion is influenced by geographic factors, then production functions
and comparative advantage will also vary systematically according to location,
thereby influencing international trade of countries.”

The stylized facts documented in this paper are not trivial. Gravity
models have shown that, ceteris paribus, trade is more intense at short dis-
tances (Leamer & Levinsohn, 1995). Given this, most trade theories imply
that trade would make neighbors specialize in different industries, in order
to exploit their comparative advantage, and thus achieve gains from trade.
The greater intensity of trade at short distances would force specialization
and differentiation, whether the differences that cause the specialization are
based on exogenous technologies (Ricardo, 1817; Dornbusch & Fischer, 1977),
differential factor intensities (Heckscher & Ohlin, 1991), specific factors or
demand for varieties (Helpman & Krugman 1985). Here we show, however,
that in spite of trade, and after controlling for similarity in geography, in-
stitutions and factor endowments, countries are surprisingly similar to their
neighbors in terms of the composition of their export baskets.

There are two novelties in this paper. First, we look at knowledge diffu-
sion by focusing on a country’s export basket and its dynamics, rather than
on industry total factor productivity or patent citations. Second, we explore
the evolution of the extensive margin of trade, highlighting the role of neigh-
bors in determining which products will enter a country’s export basket.

This paper is organized as follows. First, we present a set of stylized
facts based on the static export similarity between countries. We show that
countries are predominately similar to their geographic neighbors and that
similarity decays sharply with distance, consistent with the local spread of
knowledge diffusion. We then study the dynamics of this process by looking
at the probability that a country will add a new product to its export basket

at a later date, given the presence of that product in the export basket of



neighboring countries at an earlier date. We find that, after controlling for
all time-varying sources of aggregate similarity between pairs of countries,
and for differences in factor endowments, income level, and the country’s
own predisposition to move to that particular product, having neighbors
that already export the same product is associated with a 65% increase in
the probability of adopting that product. This suggests that the diffusion
of knowledge moves through channels that decay strongly with physical dis-
tance. Finally, we study variations of our empirical specification to study
how diffusion is affected by product complexity and explore changes in the
strength of diffusion over time. We find that our results of knowledge diffu-
sion are consistent with the previous literature: intra-industry technological
spillovers are stronger at short distance, they are weaker for more complex

products and they have strengthened over time.

2 Data and Stylized Facts

2.1 Data

Data on exports comes from the World Trade Flows (WTF) Dataset (Feen-
stra et al. 2005) and extended until 2008 using data from the UN COM-
TRADE Website (United Nations 2010). It contains the total export value
for 1005 products using the SITC 4-digit (rev. 2) classification. We exclude
countries with less than 1.2 million citizens and with total trade below USD
$1 billion in 2008. We also exclude other countries with poor data on exports
such as Iraq, Chad and Macau. We use time varying national variables from
the World Bank’s World Development Indicators (World Bank, 2010). In ad-
dition, we use data on conventionally measured factors of production (stock
of physical capital, stock of human capital and land) from UNCTAD (Shiro-
tori et al. 2010). Bilateral data, such as distance between the most populated
cities, common continent or region, territorial contiguity, common colonizer

and colonizer-colony relationship, are from CEPII’s GeoDist dataset (Mayer
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& Zignago, 2011).

The final sample consists of 128 countries’ and 1005 products and it
accounts for roughly 99% of world trade, 97% of world’s total GDP and 95%
of world’s population (Hausmann et al. 2011). In extended specifications of
our empirical models, the dataset is reduced to the 107 countries for which
data on factor endowments and bilateral trade is available. Moreover, since
the data for Former Soviet Union countries is discontinuous, meaning that it
is non-existent prior to 1990 and sparse and scattered until 1995, we exclude
countries from the Former Soviet Union from some of our analysis, where

appropriate. The distinction is made when necessary in tables and figures.

2.2 Exploring Static Similarity

We measure the intensity with which a country exports each product by
computing its Revealed Comparative Advantage (RCA) (Balassa, 1965). The
RCA that a country has in a product is defined as the ratio between the share
of total exports that the product represents in the country’s export basket
and the share of global trade in that product. For example, in the year 2000,
soybeans represented 4% of Brazil’s exports, but accounted only for 0.2%
of total world trade. Hence, Brazil’s RCA in soybeans for that year was
RC Aprazil,soybeans = 4/0.2 = 20, indicating that soybeans are 20 times more
prevalent in Brazil’s export basket than in that of the world. A product is
over-represented in a country’s export basket if its RCA is above 1. Formally,
it X, is equal to the dollar exports of country c in product p, then the RCA
of country ¢ in product p (RCA.,) is defined as:

Xc,p/zp Xc,p
e Xew/5, 5, Xe

To create a measure of similarity in the export structure of a pair of coun-

(1)

RCA., =

!The sample is reduced to 124 countries in some analysis since data on factor endow-
ments and bilateral trade is limited.



tries ¢ and ¢’ we define the Export Similarity Index (S, ) as the logarithm of
the Pearson correlation between the RCA vectors of the two countries. We
take the logarithm to avoid the top export products of a country to dominate
the calculation of export similarity. This is because RCA distributions ex-
hibit fat-tails. We also add 0.1 to each element of the RCA vectors to make
sure that correlations are not driven by similarities in the RCA of products
that countries export very little of or not at all. After these considerations,

the Export Similarity Index is defined as:

Zp(rc,p —7e)(rep — Ter)
VEpren = 702 3, (e — ro)?

where r., = logio(RCA., + 0.1) and r. is the average of r., over all

See = (2)

products for countryc.

Se,e 1s larger than zero for pairs of countries that tend to export a sim-
ilar set of goods with similar intensities, and negative for pairs of countries
exporting different sets of goods. This feature of our index differs from the
Finger & Kreinin (F&K) Export Similarity Index (Finger & Kreinin 1979),
which is calculated as the sum of the minimums of the export shares of each
pair of countries. We prefer our measure as it distinguished between prod-
ucts that are exported by one country and not the other from those that
are exported by neither. Also, we use RCA, which gives equal weights to
all products while the F&K measure privileges products with large global
markets. Nevertheless, our analysis is robust to using the F&K similarity
index (see section A.1).

Table 1 presents summary statistics for bilateral country-level data, for
the year 2000. Note that data on factor endowments and bilateral trade is
limited to fewer countries.

The left panel of Figure 1 compares the distribution of Export Similarity
(See ) in year 2000 for all pairs of countries (filled) and for those that share

a border (unfilled), showing that countries sharing a border have productive



Table 1: Summary Statistics (Year 2000)

Panel A - Statistics of Country Pairs

Pairs Mean Std. Dev.
Similarity Index 7,626 0.17 0.14
Distance 7,626 7412.62 4374.70
Log Distance 7,626 8.66 0.81
Share Borders 7,626 0.02 0.15
Common Language (Official) 7,626 0.11 0.31
Share Borders and Language (Official) 7,626 0.01 0.10
(Former) Colonizer-Colony Relationship 7,626 0.02 0.12
Have/Had a Common Colonizer 7,626 0.06 0.24
Log Total Bilateral Trade Value (Imports + Exports) 3,951 7.26 1.18
Absolute Difference Ln GDP Per Capita 7,381 1.43 1.01
Absolute Difference Ln Population 7,626 1.56 1.21
Absolute Difference Ln Physical Capital Per Worker 5,671 1.64 1.20
Absolute Difference Ln Years of Education 5,671 5.06 2.77
Absolute Difference Ln Land Per Worker 5,671 0.60 0.72
Panel B - Region of Country Pairs Pairs Mean Mean within Region
Same Region 7,626 0.15 N/A
East Asia and Pacific 7,626 0.02 0.10
Eastern Europe 7,626 0.04 0.24
Western Europe 7,626 0.02 0.12
Latin America and the Caribbean 7,626 0.03 0.18
Middle East and North Africa 7,626 0.02 0.10
North America 7,626 0.0001 0.00
South Asia 7,626 0.001 0.01
Sub-Saharan Africa 7,626 0.04 0.24




Figure 1: Export Similarity Index (Year 2000)
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structures that are, on average, twice as similar as pairs of countries that do
not share a border?. We show that export similarity decays exponentially
with distance as S, = 0.45exp(—0.32d.), where d.. is the distance be-
tween country ¢ and country ¢ in thousands of kilometers (right panel of
Figure 1). This means that after a distance of roughly 2500 km. the average
similarity index decays to half of its initial value3.

Export similarity, however, can be the consequence of shared geology or
climate, which is more likely to be the case for geographic neighbors. To
control for this fact, we exclude from the sample all products that are pinned
down by geography, using the technological classification suggested by Lall
(2000). Lall divides products in the categories presented in Table 2.

2The average S. . for border sharing geographic neighbors is 0.39, compared to 0.19
for non-neighbors; with t=—15.26; p-value= 7.873¢~>2

3Keller (2002) finds that spillovers halved after 1200Km. Given that in this exercise
we do not control for other factors, we believe these two results are consistent.
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Table 2: Lall Classification

Lall Classification # Products
Gold 1
Primary Products 193
Resource Based Manufactures 1 (agro-based products) 130
Resource Based Manufactures 2 (others non-agro based products) 108
Low Technology Manufacture 1 (textiles, garments and footwear) 100
Low Technology Manufacture 2 (others) 97
Medium Technology Manufacture 1 (automotive) 15
Medium Technology Manufacture 2 (process) 109
Medium Technology Manufacture 3 (engineering) 135
High Technology Manufacture 1 (electronic and electrical) 49
High Technology Manufacture (others) 34
Special 12
Unclassified 22

We use this classification to create two categories of products: Primary
and Resource Based (PRB) products and Non-Primary and Non-Resource
Based (NPRB) products. We consider as PRB products those that are clas-
sified as Gold, Primary Products and Resource Based Manufactures (cate-
gories 1 thru 4 in Table 2), whereas NPRB products are the ones contained
in all other categories.

Figure 2 reproduces Figure 1 using NPRB products and Figure 3 does
so for PRB products only. In both cases the mean Export Similarity Index
of neighboring country-pairs is significantly larger than in the overall sample
of country-pairs.* The graphs also show that the correlation between export
similarity and physical distance is equally strong in both cases, suggesting
that the observed export similarity is not driven by primary and resource

based products.

4Using NPRB products the two sets are statistically different with p-value 7.873e°2.

Using PRB products the two sets are statistically different with p-value 2.50e~147.
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Figure 2: Export Similarity Index NPRB Products (Year 2000)
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Figure 3: Export Similarity Index PRB Products (Year 2000)
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2.3 Controlling for other sources of Export Similarity

The fact that, beyond geology and climate, export similarity decays with
distance does not prove the presence of technological spillovers. Countries
may be similar because of a shared history, culture, income levels or factor
endowments. To control for these factors, we formulate an adapted “gravity
model” (Zipf, 1946; Tinberger, 1963) in which our index of Export Similarity
(Sec) is the dependent variable and where physical, cultural and economic
variables are used as explanatory factors.

Our adapted gravity model follows the functional form:

Sc,c’ =+ 5ln(dc,c’) + Ze,d Y + bc,c’é + e + per + Ee,e! (3)

where d.. is the distance between countries ¢ and ¢’, z.» is a set of
binary variables defining common characteristics between ¢ and ¢’, such as
having a common language, sharing a border or having an historic colonial
relationship. b~ is a set of continuous regressors which measures distance in
quantifiable attributes between countries ¢ and ¢’ which can explain similar-
ities or differences in their export baskets, such as gaps in income per capita,
population and factor endowments. b, also includes total bilateral trade
between each pair of countries. Finally, u. and pu» are country dummies cap-
turing any individual country characteristic for countries ¢ and ¢’®. .. are
the regression residuals. The results of this regression are presented in Table
3.

The six specifications presented in Table 3 sequentially introduce new
correlates, and therefore differ in the total number of available observations.
Column 5, on the other hand, repeats the same specification presented in
column 4, but limits the dataset to those observations for which data on

bilateral trade is available, so that the coefficients will be comparable to

®Note this is different from one binary variable per each pair, which would make impos-
sible to estimate the coefficient of all the invariant variables among each pair of countries,
such as distance.
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those in column 6. All regressions include country dummies that control
for time invariant country characteristics, and year dummies to control for
common shocks to the similarity index for all pairs of countries.

Our main result is that export similarity decreases strongly with distance
in all specifications, and with a similar coefficient. In addition to the ef-
fect of distance, sharing a border increases export similarity by an amount
equivalent to 0.54 to 0.78 standard deviations (since as shown in Table 1, the
standard deviation of export similarity is 0.14). Note that these effects do
not include the added impact of sharing the same geographic region, which
adds between 0.13 and 0.35 standard deviations to export similarity.

Table 4 reproduces the same specifications, using the Export Similarity
Index for NPRB products only, and shows that signs of the coefficients are
consistent with the ones presented in Table 3, indicating that the results
are not driven by the direct effects of geology or climate on comparative
advantage.

There are some other key results from these tables. Among our control
variables, having a common colonizer, a (past) colonial relationship or having
a common official language enhances export similarity®. The role of common
colonizer or colony-colonizer relationship may capture past history of tech-
nological spillovers or be a proxy for similarity in institutions or government
quality (La Porta et. al. 1999). As expected, differences in levels of income
per capita, population, and capital and land per worker have a negative cor-
relation with exports similarity. Interestingly, we do not find that, given the
other controls, differences in human capital, measured by the difference in
the average years of schooling of the labor force, is correlated with export
similarity: the coefficient is small, insignificant and has the wrong sign. By
contrast, bilateral trade is negatively correlated with export similarity, as it

would be expected from the fact that countries trade more with economies

SHaving had a colonial relationship appears only to be significant when analyzing the
similarity index computed with NPRB products only. Keller (2002) also finds that having
a common language enhances technology diffusion.
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with different productive structures. Adding it to the regression, however,
does not reverse any of the previous results.

The main takeaway from the results presented so far is that distance, bor-
ders and shared regions are important correlates of export similarity, even
after controlling for a list of other variables that economic theory suggests
should shape the export basket of countries. These stylized facts are consis-
tent with a world in which productive knowledge diffuses locally as measured
by the mix of products that countries export.

While we believe that the previous results control for an important set
of alternative explanations, we consider now whether the similarity in the
export basket of neighboring countries is driven by similarity of preferences.
Following the Linder Trade Hypothesis (Linder, 1961), countries with similar
preferences and hence demand structure, are likely to trade more, which in a
Helpman-Krugman(Helpman & Krugman, 1985) interpretation is due to the
fact that they enjoy different varieties of similar products. Since neighbors
trade more intensively, the similarity in bilateral trade may be driving our
results. We check for this by comparing the similarity index S, of the
bilateral exports of neighbors with the similarity index of their exports to
the rest of the world. The results for year 2000 can be seen in Figure 4. As
is clear from the graph, neighbors are more similar in terms of what they
export to the rest of the world than what they trade among themselves.
This implies that export similarity is not a consequence of the composition
of bilateral trade between neighbors (see section A.2 for more details).

In sum, there is a puzzling similarity in the export basket of countries that
is strongly affected by variables that proxy for distance and that is robust
to the inclusion of institutional, income and factor endowment variables. In
fact, one way to illustrate the strength of the similarity between neighboring
countries is to represent the matrix of export similarity as a network where
each country is connected to the two other countries most similar to it. Fig-

ure 5 presents the network of export similarity for year 2008 as a graphical

17



Figure 4: Neighbors Similarity (on bilateral exports vis-a-vis ROW exports)
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network where each node represent a country, and each country is connected
to the two other countries with the most similar export baskets, as mea-
sured by the Export Similarity Index S, .. Countries are colored according
to geographic regions, showing that the clusters defined by export similarity
correlate strongly with physical distance. The width of the links is propor-
tional to the similarity index and the color of the link indicates whether the
similarity is driven by PRB products (blue) or by NPRB products (red) (see
section A.3 for more details). We note that, in a large number of cases, the
country with the most similar export structure is an immediate neighbor,
such as in the case of France, Germany, Austria, the Czech Republic, Hun-
gary and Slovakia or in the case of India, Pakistan, and Bangladesh. This
visualization illustrates the strong association between proximity and export

structure that characterizes the world economy.
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Figure 5: The Network of Exports Similarity (Year 2008)
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3 Dynamics of Productive Knowledge Diffusion

The similarity of the export basket of neighboring countries, even after con-
trolling for other potential determinants of similarity, is suggestive evidence
of an accumulated history of intra-industry knowledge spillovers. Export
similarity is remarkably similar among neighbors in spite of the fact that
proximity-induced trade would have strengthened the forces of specializa-
tion and differentiation. Nevertheless, other omitted factors may be behind
our observations. To address this concern, we look at the dynamics of the
extensive margin of trade.

We study the evolution of the mix of products that each country exports
to shed light on whether the evolution of this product mix is affected by the
export basket of a country’s neighbors, defined as those sharing a border. We
study the probability that a country will add a product to its export basket
in period T (i.e. "jump" to the product) if it has neighbors that are already
exporting that product in period t (with 7" > ¢). We define a "jump" as more
than a tenfold or more increase in the RCA of country ¢ in product p, from
RCA., < 0.1 to RCA., > 1 in a ten year period”. Moreover, we restrict
jumps to two conditions. First, a jump needs to keep an RCA above 1 for
four years after t+10 (the forward condition). Second, we restrict jumps to
products that had an RCA below 0.1 for two years before the beginning of
the period (the backward condition). These two conditions intend to rule
out the possibility of “temporary jumps” in the data driven by noise, errors,
shocks in commodity prices or other exogenous reasons.?

We test our hypothesis using the following empirical specification:

"With the exception of our last period which is a seven year period (2001-2008)
8For the last period (2001-2008) we eliminate the forward condition due to data limi-
tations.
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Jepisr = a+ Bilog(RCAey pi) + Balog(RC Acy i)
+B5RC Ay + Baglit 1o + Brzeroexpe,y (4)
+66d€n3ityc,p,t + (;Dp,t + MC,CN,L‘ + 8c,p,t

where J(., 1) is a binary variable that takes the value of 1 when there
was a “jump” between year t and T in product p and country c¢. The vari-
able of interest, log(max(RCA., p:)), is the log value of the RCA of the
neighboring country of ¢ that has the largest RCA for that product, among
all neighbors (named cy). This variable is included both in its linear and
squared form in order to allow for a quadratic relationship.® We also include
a set of variables at the country-product level. This includes the initial RCA
of country c¢ in product p, the average annual growth rate of the RCA in
the previous ten year period!?, a dummy variable indicating whether there
were zero exports of this good at the beginning of the previous period, and
the “density” of the country in the product at the beginning of the period.
The variable “density”, which distributes between 0 and 1, was developed by
Hausmann and Klinger (2007) and used in Hidalgo et. al. (2007). It mea-
sures the proximity between a country’s export basket and the product under
consideration. Proximity is based on the probability that a pair of products
is co-exported by the same country. In other words, the density of a product
proxies for the existence of other exports that share similar technologies or in-
puts (as measured by their co-occurrence across countries and time). Density
strongly affects the likelihood of a country adding the product to its export
basket (Hausmann & Klinger, 2007; C. A. Hidalgo et al. 2007). We use it to

control for the likelihood that a country would jump to a product given the

9All the results are robust to the exclusion of this quadratic term.
10For the first period 1970-1980 we used the previous five year average annual growth
rate (1965-1970) due to data limitations.
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Table 5: Summary Statistics Dynamics of Knowledge Diffusion (1970-2008)

Panel A: All Sample

Variable Obs Mean Std. Dev. Min Max
Jump 267,170 0.0099 0.0991 0 1
Growth Rate RCA (10-years period) 267,170 1.2097 11.4733 -72.333  211.4090
RCA 267,170 1.3158 18.1172 0 3110.2
Log RCA 267,170  -0.6356 0.5617 -1 3.4928
Density 267,170 0.1436 0.1324 0 0.9660
Log Maximum RCA of Neighbors 267,170  -0.3359 0.7019 -1 3.4928
Neighbor Exports Product RCA>1 267,170 0.2893 0.4535 0 1
Log Maximum RCA of Random Neighbors 267,170  -0.2679 0.7020 -1 3.4928
Neighbor (Random) Exports Product RCA>1 267,170 0.3307 0.4704 0 1
Panel B: Restricted Sample to observations with RCA<0.1 ("Eligible to Jump")

Variable Obs Mean Std. Dev. Min Max
Jump 176,495 0.0150 0.1216 0 1
Growth Rate RCA (10-years period) 176,495 3.1474 10.0627  -9.4205  211.4090
RCA 176,495 0.0096 0.0209 0 0.1000
Log RCA 176,495 -0.9663 0.0690 -1 -0.6990
Density 176,495 0.0874 0.0863 0 0.66929
Log Maximum RCA of Neighbors 176,495 -0.5274 0.6305 -1 3.492802
Neighbor Exports Product RCA>1 176,495 0.1808 0.3848 0 1
Log Maximum RCA of Random Neighbors 176,495 -0.3100 0.6947 -1 3.492802
Neighbor (Random) Exports Product RCA>1 176,495 0.3059 0.4608 0 1

initial composition of its export basket.!! ¢, ; are product-by-year fixed ef-
fects which control for any time-varying product characteristic such as global
demand, price or productivity shocks. ..+ are country-neighbort-by-year
fixed effects, using the neighbor that has the largest RCA in that product.
By adding ficc, + we control for constant and time varying country-neighbor
characteristics such as commonalities in institutions, geography, climate, cul-
ture, history, productivity, economic development, population, initial factor
endowments, etc.

Table 5 shows the summary statistics of the data used for this exercise.
For this analysis we use four periods: 1970-1980, 1980-1990, 1990-2000 and
2001-2008.12

ITA]] results are robust to the exclusion of this variable. In fact, the inclusion of this
variable reduces the size of our estimator of interest.

12Gince the original Feenstra data runs up to year 2000, and since 2001 and on was
extended by the authors, we prefer to start the last period in 2001 to avoid discrepancies
in the data. Also, in the first period, all the “previous period” growth variables are
computed for 1965-1970.
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The dataset contains 114 countries, since we exclude countries without
neighbors such as islands. We also exclude countries of the former Soviet
Union for the periods before 2000. We also exclude all products that were
not exported by any country at the beginning of each period. The total
number of products in the sample is 777.

Panel A of Table 5 shows the summary statistics for the whole sample.
Panel B is for the sample restricted to those observations with RC'A.,,; < 0.1.
These observations include only products “eligible to jump”,'* which we use
in this exercise. In the summary statistics (Panel B) it is shown that the
unconditional probability of developing a new export in a ten-year period is
1.5%. The table reports statistics for the compound average annual growth
rate of export value and RCA for all country-product appearances in the
sample for all four periods. In order not to have undefined growth rates
we added 0.1 to all RCA values in the sample, thus pairing down the rate
of growth for RCA for products below that threshold. However, we do not
modify the levels of this variable when used as regressor. We also control
for ‘distorted’ growth rates by adding a dummy when the RCA was zero at
the initial year of the computed growth rate used in the right hand side of
the specifications. The total number of observations in the sample is above
175,000.

Finally, we develop a counterfactual or surrogate data to have a bench-
mark with which to test for the significance of our results. In the surro-
gate dataset we replace a country’s real neighbors with an equal number of
randomly chosen neighbors. For instance, if South Africa has four neigh-
bors: Botswana, Mozambique, Namibia and Zimbabwe, in our randomiza-
tion, South Africa will still have four neighbors, which happen to be China,
Italy, Malawi and Poland. If the effects we see are not present using our
counterfactual sample of random neighbors, then this hints that the creation

of new industries is indeed driven by the actual neighbors. The results we

IBEach observation is at the country-product-year level.
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see are not present in samples with the same statistical mean and variance
of the right-hand-side variables. The summary statistics in Table 5 present
the correspondent indicators for the random neighbors as well.

We also present results using a slightly modified version of the empirical
specification shown above. In it, we substitute the variable of interest by a
dummy that takes the value of one if the RCA of ¢y is above 1, and zero
otherwise. We do this in order to ease the interpretation of our results.
In addition, we also reproduce the results restricting the dataset to NPRB
products only.

Table 6 shows the results using the whole universe of products. Panel
A uses a continuous independent variable of interest in both its linear and
quadratic form, while Panel B uses a binary version. Our variable of interest,
the highest RCA (in logs) for the product in the neighborhood, is strongly
significant in all specifications. Column 4, which includes all the controls,
implies that an increase of one standard deviation in this variable is asso-
ciated with an average increase in the likelihood of a country “jumping” to
that product of 0.55 percentage points, or an increase of 36.7% (based on
the 1.5% unconditional probability of jumping). The positive and statistical
significant estimator for the quadratic form shows that this is convex.

Panel B of Table 6 has an easier interpretation: if the most successful
of your neighbors exporting product p is doing so with an RCA above 1,
then your chances of “jumping” to that product increases by 1 percentage
point, which represents for the average product an increase of roughly 65%
in the probability of “jumping” (from 1.5% to 2.5%). All these estimates are
statistically significant.

Both panels replicate the same specification using the counterfactual of an
equal number of random neighbors. In all cases, the estimators are sharply
reduced in value and lose their statistical significance. We take this as evi-
dence that the capacity of countries to move into new exports is affected by

the presence of those products in the export basket of its neighbors. This is
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suggestive of intra-industry knowledge diffusion.

Table 7 replicates the same exercise but restricting the dataset to NPRB
products only. The results are consistent with the previous table and even
stronger, hinting once again that this effect is not driven by geology or cli-
mate. Using only NPRB products, according to Panel A of Table 7, an
increase of one standard deviation in the maximum log RCA of the neighbor-
hood is associated with an increase in the probability of jumping of 49.25%.14

Similarly, Panel B shows the likelihood of “jumping” for the average
NPRB product in our sample is enhanced by roughly 65% (from 1.53% to
2.53%) in the presence of a exporter of that product in the neighborhood
with an RCA above 1.

We believe our controls rule out interpretations other than product-specific
or intra-industry knowledge spillover from a neighbor to a country. Our spec-
ification includes country-neighbor-by-year fixed effects, which takes care
of all time varying country-neighbor characteristics. We also control for
product-by-year fixed effects, which would take account of all prices, de-
mand and technology shocks affecting each product globally. In addition,
we control for the own country’s export growth (in RCA) of the product
in the previous decade in order to consider the possibility that neighboring
countries have parallel productivity trends in the same products but with a
time delay. We also control for the country’s own likelihood of developing
the product by using the density variable mentioned above. After all these
controls, we are left with a direct effect of the presence of the industry in one

country on its neighbors.

14Based on the 1.53% unconditional probability of jumping and a standard deviation of
0.5453 for the variable of interest when the sample is restricted to NPRB products only.
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4 Patterns of Diffusion: Products’ Complexity
and Time Trends

A question that remains open is how easily know-how diffuses as a function
of the amount of tacit knowledge a product requires. In other words, if a
product is more complex or knowledge-intensive, does it diffuse with more
difficulty?

Keller and Yeaple (2010) perform a similar exercise by studying the extent
to which sales by foreign affiliates of multinational companies are affected by
the intensity in R&D of the industry they belong to. They find that the sales
of subsidiaries decline with distance from headquarters and that this effect
is stronger in more R&D-intensive industries.

We explore instead the impact of the complexity of the product on the
likelihood that it will diffuse to neighbors. To do so we interact the largest
RCA in the neighborhood of the country (our variable of interest) with the
Product Complexity Index (PCI). The PCI is a continuous product-year
variable that measures the complexity of a good based on an iterative for-
mula that takes into account the ubiquity of the product (i.e. the number
of countries that make it) and the diversification of the countries exporting
that product (i.e. the number of other products that they make) (Hidalgo
& Hausmann, 2009; Hausmann et. al. 2011). The first iteration will mea-
sure a product as more complex if few highly diversified countries make it.
The second iteration will look at the other products that are made by the
exporters of a given product and look at whether those are also made by few
highly diversified countries and so on. A product that requires a lot of tacit
knowledge will be hard to make and hence will be made by few countries.
However, if these countries have a lot of tacit knowledge, they should be able
to use it to make more products and hence should be more diversified. A
product with a high PCI requires more complex know-how in order to be

produced/exported. In fact, using the Lall categories as a benchmark (see
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Table 2), the Primary and Resource Based (PRB) products have an average
PCI of -0.07 (s.d. 1.68), while NPRB products have an average PCI of 1.72
(s.d. 1.52) in the year 2001. For all products, PCI distributes (in the year
2001) continuously from -4.2127 to 5.2405, with mean 0.91 (s.d. 1.83).

Table 8 shows results with the same sample used in the previous section,
while the columns 2 and 3 restrict the sample to the NPRB and PRB products
only (respectively). While we still get a positive and significant coefficient
for the highest RCA in the neighborhood, this effect seems to be dampened
the more complex a product is. These negative and significant coefficients
in columns 1 and 2 are precisely capturing that diffusion is less common for
knowledge-intensive products. The results in column 3, which uses a sample
of only PRB products, show a non-statistically significant estimator for the
interaction parameter. This provides evidence that the knowledge intensity
for this subset of already less-complex products is less relevant for diffusion.
The included quadratic terms to allow for non-linearity are statistically in-
significant in all the different samples.

These results are illustrative of the role of tacit knowledge in explaining
the slow pace of international technological diffusion. The more complex a
product, the weaker will its diffusion be. We interpret this as the consequence
of the increased tacit knowledge that more complex products require.

Our next analysis relates to diffusion across time. With global commu-
nication and international travel become more common, one would expect
that tacit knowledge diffusion, which by definition requires person-to-person
interaction, would become stronger. This idea is not new. Keller (2002),
for example, shows that international technological diffusion has become less
localized in more recent periods. Comin and Hobijn (2010) also show how
adoption lags of technologies have been shorter for newer technologies.

We proceed to test this within our framework by interacting our variable
of interest with a time trend. We introduce the time trend in both its linear

and quadratic forms using the four periods in our sample described above.
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The results are shown in Table 9. The first two columns are the results using
all products in the sample, while the last two columns restrict the sample
only to NPRB products. In the first two columns, when using all the prod-
ucts, we find no evidence of faster diffusion across time. However, we do fin
evidence when looking only at NPRB products. Despite the non-significance
of the interaction term in column 3, the results in column 4 show that the
interaction in both its linear and quadratic forms are jointly significant (p-
value=0.0146). The positive value of the quadratic term suggests that the
speed of diffusion is increasing over time. The fact that NPRB products
are more complex than PRB products suggests that faster diffusion may be
affecting predominantly more complex products.

Figure 6 graphs the marginal return to one standard deviation increase in
the highest RCA among the neighbors of a country (in logs) on the probabil-
ity of “jumping” for the average product, using the results of column 4.5 In
it we clearly see the convex shape of this relationship. In fact, in the period
1970-1980 the average return to the probability of “jumping” due to an in-
crease in one standard deviation in the variable of interest is 0.586 percentage
points, which corresponds to an increase of 38% (using the 1.53% uncondi-
tional probability of jumping, suing our NPRB estimates). Doing the same
exercise for our latest period, 2001-2008, we find that the increase is of 0.866
percentage points corresponding to an increase of 56.56%. This evidence sug-
gests that indeed diffusion has become more widespread in the more recent
period, which could be the direct result of more human interaction across

countries, proxied here by a country and its neighbors.

15The 95% confidence interval of the estimation was computed by bootstrapping using
1000 repetitions.
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Figure 6: Marginal Return to the Probability of “Jumping” over time
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5 Concluding Remarks

The economic literature has moved from an emphasis on traditional factors
of production to a stress on the role of intermediate inputs in determining
productivity. While technology can be partially diffused by embedding it in
tradable products, accounting for the large differences in productivity across
countries requires an assumption regarding the limited tradability of key in-
termediate inputs (Rodriguez-Clare, 1996; Rodrik, 1996). A key candidate
for this non-tradability is the tacit knowledge that is required to make prod-
ucts.

If tacit knowledge has difficulty in moving over space, then we should
expect neighbors to be similar in terms of the products they export. In this
respect, we show that there is a very strong similarity in the export basket
of neighboring countries. We find this surprising because, as predicted by

gravity models, neighbors trade more intensely, and this should specialize
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countries in different rather than similar products, in order to exploit the
gains from trade. The fact that neighbors tend to export the same products,
even when primary and resource-based products are excluded, is suggestive
of localized intra-industry technological spillovers.

The phenomenon is more convincingly shown by looking at the dynamic
introduction of new products into the export basket of countries. To the best
of our knowledge, we are the first ones to use the appearance of products in
the export basket of countries as a measure of intra-industry international
technological diffusion. In our view, it signals that a country has acquired
the required tacit knowledge related to that particular product. Our results
using this outcome variable are in line and consistent with previous economic
literature regarding the short radius of diffusion patterns. These results had
been previously shown using patent citations and productivity trends.

We believe that we convincingly show intra-industry international diffu-
sion by estimating the impact of having a neighbor that successfully exports a
product on the likelihood that a country will be able to introduce that prod-
uct into its export basket. Our findings control for country-neighbor-by-year
and product-by-year fixed effects, indicating that the result is not driven by
time varying country-pair or product characteristics. We also control for the
country’s own predisposition to move into that product and for its previous
history in that product. We further check that the effect comes not from the
number of neighbors by creating a surrogate dataset in which we substitute
a country’s neighbors with an equal number of random neighbors.

In addition, we find that (i) more complex products, i.e. those that require
more knowledge, diffuse less; and (ii) diffusion has accelerated over time,
hinting that bridges between people in different countries have increased, as
global communication develop, allowing for faster diffusion. All these results,
are consistent with previous literature and provide evidence of the limited
tradability of key ingredients of production, such as tacit knowledge.

The limited tradability of tacit knowledge can help explain the well-known
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fact that rich and poor countries tend to be geographically clustered. In the
context of this paper, this may be related to the fact that countries are
affected by the tacit knowledge that exists in their neighborhood. Countries
in a neighborhood more richly endowed with tacit knowledge will be able
to develop the capacity to export more and more complex goods. Previous
research has shown the robust link between the diversification and complexity
of a country’s export basket and its future growth (Hausmann, Hwang and
Rodrik, 2007; Hidalgo and Hausmann, 2009).

Future research should explore the precise channel through which these
spillovers happen. In particular, it would be interesting to know the relative
importance of trade, foreign direct investment, migration or other more tacit
channels in the intensity of international intra-industry spillovers. These
are important questions, because as this paper has shown, the geography of
knowledge diffusion is strong enough to have shaped the comparative advan-

tage of nations.
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A  Appendix

A.1 Robustness of the Stylized Facts

We replicate the results shown in the main body of the paper using the Finger
& Kreinin (F&K) Export Similarity Index (Finger & Kreinin, 1979). F&K

Similarity Index is constructed using the formula:
SF&K me (X, XC

where p represents products, ¢ and ¢’ represent any two countries and
Tp
baskets for country c. Hence, two countries ¢ and ¢’ that export the exact

is the share of product p exported by country ¢ out of the total export

same products in the exact same proportion would have S f SE =1.

Figure A1 shows the scatter of both export similarity indices — our own
named BBH Export Similarity Index and F&K’s one — showing a strong
positive correlation between them (p = 0.69), implying that both indexes
capture much of the same information.

Figure A2 replicates Figure 1 in the main body of the paper using the
F&K Similarity Index. Once again, on average, export similarity is higher
among neighbors than for all the pairs of countries together, and it is also
decreasing with distance.

Table Al replicates Table 3 in the main body of the paper. It estimates
the adapted gravity model using the F&K Export Similarity Index as the
dependent variable. The results are consistent with the ones using our own
index.

Despite the strong correlation between our own FExport Similarity Index
and the one suggested by F&K, we pursue all of our analysis with ours
because, as explained in the body of the paper, the F&K measure does not
distinguish between products that are exported by one country and not the

other from those that are exported by neither. This is corrected by our index,

41



Figure Al: Correlation Between Similarity Indices Measures (Year 2000)
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which takes values lower than zero when countries are more different than
similar. We believe this to be an important feature of an export similarity

index, since it allows studying specialization between countries.

A.2 Bilateral Trade does not Drive Similarity in Ex-
ports

A regression supporting the finding presented in Figure 4 is in Table A2. We
run a linear regression based on specification (3) measuring the power of ex-
planation of both the decompositions of the Similarity Index on S, » for year
2000. The results are presented in Table A2. Here we show that the Export
Similarity Index measured with bilateral exports between country pairs does
not explain, under any specification, the overall Similarity Index: its esti-
mator is small, statistically insignificant and has the wrong sign. However,
the similarity index as measured by exports to the rest of the world has the

holds a strong explanatory power in the regression.

A.3 Decomposing Similarity

The observed similarity through the network in Figure 5 is based on the
correlated export of resource-based products for some country-pairs (blue
links) and by non-resource-based products for others (red links).

We created a measure to determine whether for a pair of countries’ sim-
ilarity is a reflection of the export of primary and resource based (PRB)
products or, on the contrary, non primary nor resource based (NPRB) prod-
ucts. The measure is based on decomposing the relative contribution of PRB
and NPRB products to export similarity by separating products into these
two categories and counting the fraction of PRB and NPRB products that
both countries export with an RCA above their respective means. We take
the difference between these two fractions as an estimate of the contribution

of PRB and NPRB products to export similarity. Formally, we define:
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NPRB PRB
AO_C,C’ - O-C,C’ - O-C,c/ (5)
where
NPRB __ 1 5 (6)
Uc,c’ - N e \p
NPRB |\ NPRB

and Nypgrp is the total number of NPRB products and

1 if RCA., > RCA. and RCA., > RCA.
Oce p = . (7)
0 otherwise

where RC A, is the average RCA of country c over all products.

The definition for o/f” can be obtained by changing NPRB for PRB in
(6).

From equation (5), Ao, > 0 if the major contributors to the export
similarity between ¢ and ¢’ are NPRB products, such as manufactures and
chemicals, and negative in the opposite case. As an example, Figure A3 plots
Japan’s and Korea’s RCA in all products in 2008 and shows NRBP products
in red and PRB products in blue. The horizontal flat lines represents the
average RCA over all products for Korea, while the vertical flat line does so
for Japan. In this case o)V} "% = 0.6517, 02" = 0.3471 and Ao, = 0.3046,
indicating that Japan and Korea export 61.75% of all of their NPRB products
with an RCA above their respective means (in the upper right part of the
graph), compared to only 34.71% for PRB products. This shows that the
similarity between Japan and Korea that we are measuring comes mainly
from their correlated export of NPRB products.

By using these measures we are able to document for any pair of countries
whether their exports similarity is driven by NPRB or by PRB products. Not
all countries similarity is driven by the same kind of products. Figure (A4)

summarizes this information by showing, within each region of the World,

46



Figure A3: Decomposition of Similarity Index for Korea and Japan in 2008

Log10 RCA Korea

Log10 RCA Japan
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Figure A4: Category of Products Driving Similarities per Region (Year 2008)
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what proportion of country-pairs are similar mostly due to NPRB products,
or PRB products.
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