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Economic miracles are characterized by protracted growth in productivity, per-capita
income, and increases in trade flows. The experiences of South Korea in the postwar period
and the recent performance of China are prominent examples. These experiences suggest an
important role played by openness in the process of development.! Yet quantitative trade
models relying on standard static mechanisms imply relatively small gains from openness,
and therefore cannot account for growth miracles.” These findings call for alternative chan-
nels through which openness can affect development. In this paper we present and analyze
a model of an alternative mechanism: the impact of openness on the creation and diffusion
of best practices across countries.?

We model innovation and diffusion as a process involving the combination of new ideas
with insights from other industries and countries. Insights occur randomly and result from
local interactions among producers. In our theory openness affects the creation and diffusion
of ideas by determining the distribution from which producers draw their insights. Our
theory is flexible enough to incorporate different channels through which ideas may diffuse
across countries. We focus on two main channels: (i) insights are drawn from those that
sell goods to a country, (ii) insights are drawn from technologies used domestically. In our
model, openness to trade affects the quality of the insights drawn by producers because it
determines the set of sellers to a country and the set of technologies used domestically.

In this context, we provide conditions under which the distribution of productivity among
producers within each country always converges to a Frechet distribution, no matter how
trade barriers shape individual producers’ local interactions. As a consequence, the state of
knowledge within a country can be summarized by the level of this distribution, which we call

the country’s stock of knowledge. The model is thus compatible with the Eaton and Kortum

1Sachs and Warner (1995), Dollar (1992), Ben-David (1993), Coe and Helpman (1995), and Frankel and
Romer (1999) suggest a strong relationship between openness and growth, although Rodriguez and Rodrik
(2001) subsequently argued that many estimates in the literature suffered from econometric issues including
omitted variables, endogeneity, and lack of robustness. More recent contributions to the literature have
developed strategies to overcome some of these issues. To estimate the impact of trade on growth, Feyrer
(2009a,b) studies the natural experiments of the decade-long closing of the Suez Canal in the 1970’s and
the long run decline in the cost of shipping goods by air, each of which had larger impacts on some pairs
of countries than others, and Pascali (2014) studies the introduction of the steamship which affected some
trade routes more than others. See also Lucas (2009b) and Wacziarg and Welch (2008), and Donaldson
(2015) for a review of the literature.

2See Connolly and Yi (2015) for a quantification of the role of trade on Korean’s growth miracle. Atkeson
and Burstein (2010) also find relatively small effects in a model with innovation.

3Parente and Prescott (1994) and Klenow and Rodriguez-Clare (2005) argue that without some form
of international spillovers or externalities, growth models have difficulty accounting for several facts about
growth and development. Each argue that these facts can be explained by catchup growth to a world
frontier of knowledge, an idea that goes back to at least Nelson and Phelps (1966). Comin and Hobijn
(2010) document large cross-country differences in the speed with which frontier technologies are adopted
and Comin et al. (2012) show that the speed of diffusion declines with distance.



(2002) machinery which has been useful in studying trade flows in an environment with many
asymmetric countries. We show that the change in a country’s stock of knowledge can be
characterized in terms of only its trade shares, its trading partners’ stocks of knowledge, and
parameters. This both yields qualitative insights and enables us to use actual trade flows to
discipline the role of trade and geography in shaping idea flows and growth.

Starting from autarky, opening to trade results in a higher temporary growth rate, and
permanently higher level, of the stock of knowledge, as producers are exposed to more
productive ideas. We separate the gains from trade into static and dynamic components.
The static component consists of the gains from increased specialization and comparative
advantage, whereas the dynamic component are the gains that operate through the flow of
ideas.

We first explore an environment in which producers in a country gain insights from those
that sell goods to the country, following Alvarez et al. (2014). With this specification of
learning, the dynamic gains from reducing trade barriers are qualitatively different from the
static gains. The dynamic gains are largest for countries that are relatively closed, whereas
the static gains are largest for countries that are already relatively open. For a country
with high trade barriers, the marginal import tends to be made by a foreign producer with
high productivity. While the high trade costs imply that the static gains from trade remain
relatively small, the insights drawn from these marginal producers tend to be of high quality.
In contrast, for a country close to free trade, the reduction in trade costs leads to large infra-
marginal static gains from trade, but the insights drawn from the marginal producers are
likely to have lower productivity and generate lower quality ideas.

Our model nests, at two extremes, a simple version of the Kortum (1997) model of pure
innovation and one closely related to the Alvarez et al. (2008, 2014) model of pure diffusion.
We span these two extremes by varying a single parameter, 3, which we label the strength
of diffusion. S measures the contribution of insights from others to the productivity of new
ideas. One striking observation is that, for either of these two extremes, if a moderately open
country lowers its trade costs, the resulting dynamic gains from trade are relatively small,
whereas when f is in an intermediate range, the dynamic gains are larger. When [ is small
so that insights from others are relatively unimportant, it follows immediately that dynamic
gains tend to be small. When f is larger, insights from others are more central. However,
in the limiting model as § approaches the extreme of one, a country accrues almost all of

the dynamic gains from trade as long as it is not in autarky.* A moderately open country is

4In the environment studied by Alvarez et al. (2014), both the steady state growth rate and the mass
in the right tail of countries’ productivity distributions are proportional to the number of countries not in
autarky; trade costs have no other impact on these objects. The environment we study here with 8 1 has
similar properties albeit in level differences rather than growth rate differences.



much better off than it would be in autarky, but further reductions in trade costs have little
impact. As a consequence, it is only when f is in an intermediate range that the dynamic
gains from trade are both sizable and would result from reductions in trade costs in the
empirically relevant range.

We also explore a second channel, that individuals may draw insights from others that
produce domestically, following Sampson (2015) and Perla et al. (2015). In this setting, lower
trade barriers increase domestic competition and improve the distribution of productivity
among those that continue to produce domestically, raising the quality of insights manager
might draw from. Under this specification of learning, we show that the long-run dynamic
gains from trade simply amplify the static gains. When ( is larger so that insights from
others contribute more to the productivity of new ideas, the static gains from trade are
amplified more and the dynamic gains are more sizable.

We next use our model to study the dynamics of a trade liberalization. In a world that
is generally open, if a single closed country opens to trade, it will experience an instanta-
neous jump in real income, a mechanism that has been well-studied in the trade literature.
Following that jump, this country’s stock of knowledge will gradually improve as the lib-
eralization leads to an improvement in the composition of insights drawn by its producers.
Here, the speed of convergence depends on the nature of learning process. Convergence is
faster if insights are drawn from goods that are sold to the country, as opening to trade
allows producers to draw insight from the relatively productive foreign producers. In con-
trast, if insights are drawn from technologies that are used locally, the country’s stock of
knowledge grows more slowly. In that case, a trade liberalization leads to better selection
of the domestic producers, but those domestic producers have low productivity relative to
foreign firms.

To explore the ability of the theory to account for the evolution of the world distribution
of productivity, we specify a quantitative version of the model that includes non-traded
goods and intermediate inputs, and equipped labor with capital and education, and use it
to study the ability of the theory to account for cross-country differences in TFP in 1962
and its evolution between 1962 and 2000. Following Waugh (2010), we use panel data on
trade flows and relative prices to calibrate the evolution of bilateral trade costs, and take
the evolution of population, physical and human capital, i.e., equipped labor, from the data.
Given the evolution of trade costs and equipped labor, our model predicts the evolution of
each country’s TFP.

The predicted relationship between trade and TFP depends on the value of 3, the strength
of diffusion, which indexes the contribution of insights drawn from others to the productivity

of new ideas. While we provide a simple heroic strategy to calibrate this parameter, our main



approach is to simulate the model for various alternative values and explore how well the
model can quantitatively account for cross-country income differences and the evolution of
countries’ productivity over time.

In line with the theoretical results, the role of the trade to account for both the dispersion
of TFP and the dispersion of TFP growth is highest for intermediate values of the diffusion
parameter, . There are several ways one might measure the contribution of changes in
trade barriers to changes in TFP. When insights are drawn from sellers, we find that, across
measures, the contribution of trade is up to three times as large when the model allows
for dynamic gains from trade. The quantitative model is particularly capable of explaining
much of the evolution of TFP in growth miracles, accounting for over a third of the TFP

growth in China, South Korea and Taiwan.

Literature Review Our work builds on a large literature modeling innovation and dif-
fusion of technologies as a stochastic process, starting from the earlier work of Jovanovic
and Rob (1989), Jovanovic and MacDonald (1994), Kortum (1997), and recent contributions
by Alvarez et al. (2008), Lucas (2009a) and Luttmer (2012).> We are particularly related
to recent applications of these frameworks to study the connection between trade and the
diffusion of ideas (Lucas, 2009b; Alvarez et al., 2014; Perla et al., 2015; Sampson, 2015).

In our model, the productivity of new ideas combines both insights from others and
an original component.® As discussed earlier, our theory captures the models in Kortum
(1997) and Alvarez et al. (2008, 2014) as special, and we argue, quantitatively less promising
cases. In Kortum (1997) there is no diffusion of ideas and thus no dynamic gains from trade.
In Alvarez et al. (2014) when trade barriers are finite, changes in trade barriers have no
impact on the tail of the distribution of productivity, and therefore the model has more
limited success in providing a quantitative theory of the level and transitional dynamics
of productivity. In addition, for the intermediate cases that are the focus of our analysis,

B € [0,1), the frontier of knowledge converges to a Frechet distribution.” This allows us use

®Lucas and Moll (2014) and Jesse and Tonetti (2014) extends these models by endogenizing search effort.
The main text abstracts from search effort, but Appendix D studies how trade barriers affect incentives
to innovate. Following Bernard et al. (2003) we focus on a decentralization in which producers engage in
Bertrand competition, and each producer earns profit on sales to any destination to which that producer is
the lowest-cost provider of a good. Motivated by the potential for profit, producers hire labor to generate new
ideas. In this environment, we extend the result of Eaton and Kortum (2001) that on any balanced growth
path, each country’s research effort is independent of trade barriers. Chiu et al. (2011) study information
issues in the transfer of ideas, a dimension that we abstract from.

6See Konig et al. (2012) and Benhabib et al. (2014) for models in which individuals can choose either to
imitate or to innovate.

TAlvarez et al. (2014) study the case with 3 = 1 and deterministic arrival of ideas. In their model the
limiting distribution of productivities is only Frechet in the extreme cases of autarky and costless trade
among symmetric countries. With Poisson arrival of ideas the limiting distribution is log-logistic for these



the machinery of Eaton and Kortum (2002), enabling us to quantify the role of both trade
barriers and geography in the flow of ideas.

Eaton and Kortum (1999) also build a model of the diffusion of ideas across countries in
which the distribution of productivities in each country is Frechet, and where the evolution
of the scale parameter of the Frechet distribution in each country is governed by a system
of differential equations. In their work insights are drawn from the distribution of potential
producers in each country, according to exogenous diffusion rates which are estimated to be
country-pair specific, although countries are assumed to be in autarky otherwise. Therefore,
changes in trade do not affect the diffusion of ideas.

Our works relates to a large literature studying the connection between trade and growth,
including the early contributions by Grossman and Helpman (1991) and Rivera-Batiz and
Romer (1991). The one that is closest to ours is Grossman and Helpman (1991). They
consider a small open economy in which technology is transferred from the rest of the world
as an external effect, and the pace of technology transfer is assumed to depend on the vol-
ume of trade. Our model incorporates this channel along with several others and embeds
the mechanism in a quantitative framework. In addition, our paper relates to a large em-
pirical literature providing evidence on the relationship between openness and diffusion of
technologies. Our reduced form evidence is reminiscent of the early evidence discussed in
Coe and Helpman (1995) and Coe et al. (1997) about the importance of knowledge spillovers
through trade. See Keller (2009) for a recent review of this empirical literature, considering
alternative channels, including trade and FDI.

The model shares some features with Oberfield (2013) which models the formation of
supply chains and the economy’s input-output architecture. In that model, entrepreneurs

discover methods of producing their goods using other entrepreneurs’ goods as inputs.®

1 Idea Diffusion with a General Source Distribution

We begin with a description of technology diffusion in a single country given a general source
distribution. The source distribution describes the set of insights that producers might
access. In the specific examples that we explore later in the paper, the source distribution
will depend on the profiles of productivity across all countries in the world, but in this section

we assume only that it satisfies weak tail properties. Given these assumptions, we show that

extreme cases. In our model the limiting distribution is Frechet for any 8 € [0,1) and any configuration of
trade costs.

8Here, the evolution of the distribution of marginal costs depends on a differential equation summarizing
the history of insights that were drawn. In Oberfield (2013), the distribution of marginal costs is the solution
to a fixed point problem, as each producer’s marginal cost depends on her potential suppliers’ marginal costs.



the equilibrium distribution of productivity within an economy is Frechet, and derive a
differential equation describing the evolution of the scale parameter of this distribution.
We consider an economy with a continuum of goods s € [0, 1]. For each good, there are
m producers. We will later study an environment in which the producers engage in Bertrand
competition, so that (barring ties) at most one of these producers will actively produce. A
producer is characterized by her productivity, ¢. A producer of good s with productivity ¢

has access to a labor-only, linear technology

y(s) = ql(s), (1)

where [(s) is the labor input and y(s) is output of good s. The state of technology in the
economy is described by the function M;(q), the fraction of producers with knowledge no
greater than q. We call M, the distribution of knowledge at ¢.

The economy’s productivity depends on the frontier of knowledge. The frontier of knowl-

edge is characterized by the function

Fi(q) = My(q)™.

Ft(q) is the probability that none of the m producers of a good have productivity better
than q.

We now describe the dynamics of the distribution of knowledge. We model diffusion as
a process involving the random interaction among producers of different goods or countries.
We assume each producer draws insights from others stochastically at rate a;,. However there
is randomness in the adaptation of that insight. More formally, when an insight arrives to
a producer with productivity ¢, the producer learns an idea with random productivity zq’®
and adopts the idea if z¢”® > ¢q. The productivity of the idea has two components. There
is an insight drawn from another producer, ¢’, which is drawn from the source distribution
ét(q/ ). The second component z is an original contribution that is drawn from an exogenous
distribution with CDF H(z). We refer to H(z) as the exogenous distribution of ideas.’

This process captures the fact that interactions with more productive individuals tend to
lead to more useful insights, but it also allows for randomness in the adaptation of others’
techniques to alternative uses. The latter is captured by the random variable z. An alterna-
tive interpretation of the model is that z represents an innovator’s “original” random idea,

which is combined with random insights obtained from other technologies.'”

9From the perspective of this section, both ét(q) and H(z) are exogenous. The distinction between these
distributions will become clear once we consider specific examples of source distributions, in which the source
distribution will be an endogenous function of countries’ frontiers of knowledge.

107f B3 = 0 our framework simplifies to a version of the model in Kortum (1997) with exogenous search



Given the distribution of knowledge at time t, M;(g), the source distribution, G4(¢’), and
the exogenous distribution of ideas, H(z), the distribution of knowledge at time t + A is

Miia(q) = My(q) | (1 — aA) + oA /000 H (g/2") dGy(z)

The first term on the right hand side, M;(q), is the distribution of knowledge at time ¢,

which gives the fraction of producers with productivity less than ¢q. The second term is the

probability that a producer did not have an insight between time ¢ and ¢t + A that raised her

productivity above ¢. This can happen if no insight arrived in an interval of time A, an event

with probability 1 — oA, or if at least one insight arrived but none resulted in a technique

with productivity greater than ¢, an event that occurs with probability fooo H (q /xP ) dGy(z).
Rearranging and taking the limit as A — 0 we obtain

d My — M, > 5
pr In M;(q) = iiglo AA(C]]\Z(q) (@) = —at/o [1— H (q/27)] dGy(z).

With this, we can derive an equation describing the frontier of knowledge. Since ﬁ’t(q) =

M,(q)™, the change in the frontier of knowledge evolves as:

d

GnFa) = —ma [ [1= 1 (a/2)] dGio)

To gain tractability, we make the following assumption:
Assumption 1

i. The exogenous distribution of ideas has a Pareto right tail with exponent 0, so that

lim, o 22 = 1.

ii. Bel01).
iii. At each t, limy_o ¢*°[1 — G4(q)] = 0.

The first part of the assumption assumes that the right tail of the exogenous distribution of
ideas is regularly varying.!’ We also assume that the strength of diffusion, 3 is strictly less
than one, introducing diminishing returns into the quality of insights one draws. For this

section we make one additional assumption: the source distribution Gy has a sufficiently thin

intensity. The framework also nests the model of diffusion in Alvarez et al. (2008) with stochastic arrival of
ideas if 8 =1, H is degenerate, and G, = F,.

"The restriction that the limit is equal to 1 rather than some other positive number is without loss of
generality; we can always choose units so that the limit is one.



tail. In later sections when we endogenize the source distribution, this assumption will be
replaced by an analogous assumption on the right tail of the initial distribution of knowledge,
limy 00 ¢°°[1 — Mp(q)] = 0. For example, a bounded initial distribution of knowledge would
satisfy this assumption.

We will study economies where the number of producers for each good is large. As such,
it will be convenient to study how the frontier of knowledge evolves when normalized by the
number of producers for each good. Define Fi(q) = F, <mm q) and Gy(q) = G, <mﬁ q>

Proposition 1 If Assumption 1 holds, then in the limit as m — oo, the frontier of knowledge

evolves as:
dIn Fy(q)

o = —atq_a/o 27 dG, ()

Motivated by the previous proposition, we define )\, = ffoo o [;7 xPdG - (x)dr. With
this, one can show that the economy’s frontier of knowledge converges asymptotically to a
Frechet distribution.

Corollary 2 If Assumption 1 holds and lim;_,., A\ = 00, then lim;_, Ft()\,}/gq) —e 7",
Proof. Solving the differential equation gives Fy(q) = Fy(g)e~**)7"", Evaluating this at
)\i/eq gives Ft(/\g/aq) = FO(A,}/eq)e_(A‘_AO)’\t_lq_e. This implies that, asymptotically,
limy_, oo Ft(/\tl/eq) —e " m

Thus, the distribution of productivities in this economy is asymptotically Frechet and

the dynamics of the scale parameter is governed by the differential equation

A = oy /000 272Gy (z). (2)

We call \; the stock of knowledge.

In the rest of the paper we analyze alternative models for the source distribution G;. A
simple example that illustrates basic features of more general cases is G¢(q) = Fi(q). This
corresponds to the case in which diffusion opportunities are randomly drawn from the set
of domestic best practices across all goods. In a closed economy this set equals the set of

domestic producers and sellers. In this case equation (2) becomes

where I'(u) = OOO e *dx is the Gamma function. Growth in the long-run is obtained in

this framework if the arrival rate of insight grows over time, oy = ape?. In this case, the

scale of the Frechet distribution \; grows asymptotically at the rate v/(1— ), and per-capita



GDP grows at the rate v/[(1 — §)0]. In general, the evolution of the de-trended stock of
knowledge 5\,5 = \e"/ (=Pt can be summarized in terms of the de-trended arrival of ideas

éét = Oéte’yt

=Gl = BN = ok

and on a balanced growth path on which & is constant, the de-trended stock of ideas is

f= |2 =B |
-

2 International Trade

Consider a world in which n economies interact through trade and ideas diffuse through
the contact of domestic managers with those who sell goods to the country as well as with
those that produce within the country. Given the results from the previous section, the static
trade theory is given by the standard Ricardian model in Eaton and Kortum (2002), Bernard
et al. (2003), and Alvarez and Lucas (2007), which we briefly introduce before deriving the
equations which characterize the evolution of countries’ knowledge in the world economy.
In each country, consumers have identical preferences over a continuum of goods. We use
¢i(s) to denote the consumption of a representative household in i of good s € [0, 1]. Utility

is given by u(C;), where the the consumption aggregate is

L gl
C; = {/ ci(s) = ds]
0

so goods enter symmetrically and exchangeably. We assume that ¢ —1 < 6, which guarantees

the price level is finite. Let p;(s) be the price of good s in 4, so that ¢’s ideal price index is
_1
P, = [fol pi(s)l_fds} "%, Letting X; denote 4’s total expenditure, i’s consumption of good s

is ¢;(s) = %Xi.

In each country, individual goods can be manufactured by many producers, each using
a labor-only, linear technology (1). As discussed in the previous section, provided countries
share the same exogenous distribution of ideas H(z), the frontier of productivity in each
country is described by a Frechet distribution with curvature 6 and a country-specific scale
i, Fi(q) = e’ Transportation costs are given by the standard “iceberg” assumption,
where r;; denotes the units that must be shipped from country j to deliver a unit of a good

to country 7, with x; = 1 and K;; > 1.



We now briefly present the basic equations that summarize the static trade equilibrium
given the vector of scale parameters A = (A1, ..., A,,). Because the expressions for price indices,
trade shares, and profit are identical to Bernard et al. (2003), we relegate the derivation of
these expressions to Appendix B.

Given the isoelastic demand, if a producer had no direct competitors, it would set a price
with a markup of _% over marginal cost. Producers engage in Bertrand competition. This
means that lowest cost provider of a good to a country will either use this markup or, if
necessary, set a limit price to just undercut the next-lowest-cost provider of the good.

Let w; denote the wage in country ¢. For a producer with productivity ¢ in country j, the
cost of providing one unit of the good in country i is % The price of good s in country
is determined as follows. Suppose that country j’s best and second best producers of good
s have productivities ¢j;(s) and gja(s)."* The country that can provide good s to i at the

lowest cost is given by
WjKij

arg min
i 4i(s)

If the lowest-cost-provider of good s for 7 is a producer from country k, the price of good s

in ¢ is

€ WgRik WgKik . wj/fz‘j}
) ?mln
e —1qu(s) qra(s) i#k g (s)

p(s) = min |

That is, the price is either the monopolist’s price or else it equals the cost of the next-lowest-
cost provider of the good; the latter is either the second best producer of good s in country
k or the best producer in one of the other countries.!

In Appendix B, we show that, in equilibrium, 4’s price index is

~1/0
P=B {Z /\j(wjﬁij)_e}
j

where B is a constant.'*
Let S;; C [0, 1] be the set of goods for which a producer in j is the lowest-cost-provider

for country 7. Let ;; denote the share of country ¢’s expenditure that is spent on goods from

12In Appendix A we show that the joint distribution of the productivities of the best and second best
producers in a country is F;*(q1,¢2) = [1 +log Fy(q1) — log Fi(2)] Fi(q2), @1 > g

13Note that we have assumed for simplicity that neither consumers nor workers internalize that their
consumption or production decisions may affect the insights they may draw, and thus prices do not reflect
the possibility that idea flows may result from the production or consumption of the good. This assumption
is not innocuous; in general, prices depend on how much each agent internalizes.

lupgl-e _ [(1:1) (1 (sil)—0> N (Eil)—‘)} I(1-551).
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country j so that m; = [ _o (pi(s)/P;)'~ds. In Appendix B, we show that the expenditure
ij

share is »
Aj (wjkij)

7T. P .
ST A (wikg)

A static equilibrium is given by a profile of wages w = (wq, ..., w,) such that labor market

clears in all countries. The static equilibrium will depend on whether trade is balanced and
where profit from producers is spent. For now, we take each country’s expenditure as given
and solve for the equilibrium as a function of these expenditures.

Labor in j is used to produce goods for all destinations. To deliver one unit of good
s € S, to 1, the producer in j uses x;;/g;1(s) units of labor. Thus the labor market clearing

constraint for country j is

LJ:Z/S R (5)ds.

GSZ‘]‘ QJI (S)

i

Similarly, the total profit earned by producers in j can be written as

II; = Z:/sesij (pz'(S) - %) ¢;(s)ds.

gj1(s)

In Appendix B, we show that these can be expressed as
0
’lUij = m Xi:ﬂ-ini
and
M= S X
J 0 + 1 - J

Under the natural assumption that trade is balanced and that all profit from domestic
producers is spent domestically, then X; = w; L;+1I; and the labor market clearing conditions

can be expressed as
U)ij = E ﬂijwiLi
i

As a simple benchmark, in the case of same-sized countries and costless trade (L; = L;
FT
and k;; = 1 for all 4,5), the stocks of knowledge completely determine relative wages, ZW =

1 1

\ Tre nET X\ TH0

<§—/) , and trade shares, # = /\—]J/ .
ij

Given the static equilibria, we next solve for the evolution of the profile of scale parameters

11



A = (A1, ..., A\n) by specializing (2) for alternative assumptions about source distributions. We
consider source distributions that encompass two cases: (i) domestic producers learn from

sellers to the country, (ii) domestic producers learn from other producers in the country.

2.1 Learning from Sellers

Following the framework introduced in Section 1, we model the evolution of technologies as
the outcome of a process where managers combine “own ideas” with random insights from
technologies in other sectors or countries. We first consider the case in which insights are
drawn from sellers to the country. In particular, we assume that insights are randomly and
uniformly drawn from the distribution of productivity among all managers that sell goods

to a country.'® In this case, the source distribution is given by

Glo-caw=Y [ ds
j /s€Sijla(s)<q
As we show in Appendix C, after specializing equation (2) to this source distribution, the

evolution of the scale of the Frechet distribution, i.e., the stock of ideas, is described by
b = au [ 0G0
0
VAN
= I'll - i i | — 3
- (2) 0

where I'(+) is the Gamma function. That is, the evolution of the stock of knowledge is close
to a weighted sum of trading partners’ stocks of knowledge, where the weights are given by
expenditure shares.

Equation (3) shows that trade shapes how a country learns in two ways. Trade gives a
country access to the ideas of sellers from other countries. In addition, trade barriers affect
which managers are able to sell goods to a country. Trade leads to tougher competition, so
that there is more selection among the producers from which insights are drawn. Starting
from autarky, lower trade barriers make it less likely that low productivity domestic producers
can compete with high productivity foreign producers. The subsequent insights drawn from

these high productivity foreign producers will be better quality than those drawn from the

15For the case of learning from sellers, the assumption that insights are drawn uniformly from all sellers to
the country is not central. Alternative assumptions, e.g., insights are randomly drawn from the distribution
of sellers’ productivity in proportion either to consumption of each good or to expenditure on each good,
give the same law of motion for the each country’s stock of knowledge up to a constant. See Appendix C.1.1.
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low productivity domestic producers.'® Higher trade barriers, on the other hand, lead to
more selection among foreign managers into selling goods to country 7. In fact, the less
a foreign country sells to country i, the stronger selection is among its producers. The
average quality of insights drawn from j is given by (\;/m;;)?, where \;/m;; is an average
of productivity among sellers from j to 7. Holding fixed j’s stock of knowledge, a smaller
m;; reflects more selection into selling goods to 4, which means that the insights drawn from
sellers from j are likely to be higher quality insights.

Nevertheless, the overall quality of insights is not necessarily maximized in the case of
free trade. To optimize the quality of insights a country must bias its trade toward those
countries with more knowledge. In particular, in the short run the growth of country i’s
stock of knowledge is maximized when its expenditure shares are proportional to its trading

partners’ stocks of knowledge.'”
— = (4)

In equilibrium, on the other hand, country 7’s expenditure shares will satisfy

Ty Aj(wjkg) (5)
T A (wjrrgg) =0
Notice that (4) and (5) coincide only if differences in trade costs perfectly offset differences in
trading partners’ wages. Suppose, for example, that trade costs are symmetric. If a country
spends equally on imports from two trading partners, one with a high wage and one with
a low wage, the country would improve the quality of its insights by tilting trade toward
the trading partner with the higher wage. Intuitively, the marginal seller in the high wage
country is more productive—and would generate higher quality insights—than the marginal
seller in the low wage country, as the former must overcome the high wage.!®
As discussed before, to obtain growth in the long-run we assume that the arrival rates

of insights grow over time, in which case it is convenient to analyze the evolution of the

16This mechanism is emphasized by Alvarez et al. (2014).

1"This is the solution to maxg,, y >, 7, ) subject to 3 m;; = 1.

18To be clear, iceberg trade costs are not tariffs (which both distort trade costs and provide revenue), so
the preceding argument does not show that the distorting trade represents optimal policy. However, if the
shadow value of a higher stock of knowledge is positive, a planner that maximizes the present value of a small
open economy’s real income and can set country-specific tariffs would generically set tariffs that are non-zero
and not uniform across countries. Of course, whether free trade is optimal depends on what individuals
are able to internalize; we have assumed that consumers do not internalize that their consumption decisions
affect the quality of insights drawn by managers.
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detrended stock of knowledge S\it = \ye -7

i =T(1— Z TP jﬁxt, (6)

On a balanced growth path where the arrival rate of insights grows at rate 7, the de-trended

stock of knowledge solves the system of non-linear equations

i _%m CHY )
j=1

2.2 Learning from Producers

Another natural source of ideas is the interaction of technology managers with other domestic
producers, or workers employed by these producers. In this section we consider the case in
which the insights are drawn uniformly from the distribution of productivity among domestic
managers that are actively producing.!® We consider only the case in which trade costs satisfy
the triangle inequality ;i < Kjikik, Vi, 7, k such that i # j # k # ¢. In this case, any manager

that exports also sells domestically.?’ The source distribution is

f S a1 < ds
Gi(q) = GP(q) = ZS5ulmnza
fSGSii dS

As we show in Appendix C specializing equation (2) to this source distribution, the evolution

of a country’s stock of knowledge is described by
j\z‘t = sz‘t/ xﬂedGz]‘D(Q)
0

= I'(1 - B)ay <ﬁ)ﬁ

i

Thus, the source distribution of country ¢ is a function of the share of its expenditure on
domestic goods and the domestic stock of knowledge, ;.
How does trade alter a country’s stock of knowledge? In autarky, insights are drawn

from all domestic producers, including very unproductive ones. As a country opens up to

19When insights are drawn from domestic producers, the assumption that insights are drawn uniformly,
instead of in proportion to the labor used in the production of each good, is more important. See Ap-
pendix C.1.1 for a characterization of the dynamics of the stock of ideas under alternative assumptions.

20To see this, suppose that there were a variety s such that i exports to j and k exports to i. This means
that F;)l < 1;2';57)‘ and 7“;:'(‘;)’“ < Z’Zé‘)‘ Since k;; = 1, these imply that ;K < Kjk, a violation of the
trlangle inequality and thus a contradiction.

14



trade the set of domestic producers improves as the unproductive technologies are selected
out. This raises the quality of insights drawn and increases the growth rate of the stock of
knowledge.?! have the additional feature that producers that drop out may upgrade their
technology by imitating others.

As before, the evolution of a country’s detrended stock of knowledge 5\,;,5 = \ye /(=B

is given by

2 B
- o () 5
Ait —F(l - B)Oézt (%) (1 — ﬁ) Ait (8)

and, on a balanced growth path, these solve the following system of non-linear equations

. 2 B
N = I(1— 5)% (ﬁ)

Y T4

__B
< & Pt (9)

2.3 Other Specifications of Learning
Variety

An implication of the learning from producers specification is that the rate of increase of a
country’s stock of knowledge grows without bound as the share of its expenditure spent on
domestic goods shrinks to zero. In that case, only the most productive managers would be
able to sell goods domestically, so the insights drawn from these firms would be very high
quality. This causes the frontier of knowledge to increase at a faster rate. Because the arrival
rate of ideas is independent of the mass of producers actively producing, low productivity
firms simply crowd out high quality insights.

An alternative is that a manager would gain more and better insights if she were exposed
to wider variety of production techniques. Suppose that ideas arrive in proportion to the
mass of techniques a manager is exposed to. When insights are drawn from sellers, trade
has no impact on the mass of good consumed, and hence on the variety of sellers one may
draw insight from. On the other hand, when insights are drawn from producers, ideas arrive

in proportion to the mass of domestic producers that are actively producing. This implies

21This mechanism is emphasized by Sampson (2015) and Perla et al. (2015). Perla et al. (2015)
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that a country’s the stock of knowledge evolves as*?

: A\ P
In contrast to the baseline specification, increased trade—a lower m;—would lower the growth
rate of a country’s stock of knowledge because of the loss of variety in learning. On a
balanced growth path, the detrended stock of knowledge is

5\1' 0.8 (3(21/(175)7'('“

Targeted Learning

If managers can glean better insights from more productive producers, one might think they
might focus their attention so that insights are drawn disproportionately from those that are
more productive.

Suppose that G represents the distribution of productivity among those from whom a
manager may draw insight. We assume now that the manager can target better insights
by overweighting individual insights. Specifically, the individual can choose a schedule of
arrival rates that accompany each potential insight. Let & (z) be the arrival of insights

from producers with productivity . The manager chooses {&(z)} subject to the constraint
b1

[fooo d(x)%dé(x)] ? < for some ¢ > 1.2
In this case, a country’s stock of knowledge evolves as*! \, = [ d,(2)2%dG,(z). An
individual that wants to learn as quickly as possible will thus choose the schedule {&(x)} to

solve
o—1

oo 7
{m(aﬁc}/ a(x)z?dG (x) subject to [/d(z)ﬁdG(:v)] <a
o\x 0

Optimal behavior implies that the change in a country’s stock of knowledge is

A=a [/ (xﬁ9)¢dG(x)} ’

22In an Eaton-Kortum framework, 7;; is both the share of i’s spending on domestic goods and the fraction
of varieties produced domestically. Thus in the baseline, the arrival rate is a;;, whereas in (10) the arrival
rate is o7

23The case of ¢ = 1 would correspond to the baseline model, in which case the constraint could be written
as sup, &(z) < a.

24More formally, with the functional form assumptions, in the limit as m — oo, the law of motion for F'
will be dIn Fy(q) = [;~ du(2)2??dG(z) so that as t — oo, F; (Ai/9q> — e~ " with A, = J5 du(2)2P?dGy(z).

16



With learning from producers, the change in a country’s stock of knowledge is

A = T(1— o) [(;)&1 F(l—ﬁqﬁ)ai(%)ﬁ

For each specification, learning is faster when learning is more targeted (I'(1 — S¢) is in-
creasing in ¢).%

With learning from sellers, the change in a country’s stock of knowledge is

e[ (3)]

As we show in Appendix F, an environment with a higher ¢ is quantitatively very similar to

an environment with higher .26

3 Gains from Trade

As in other gravity models, a country’s real income and welfare can be summarized by its
stock of knowledge (or some other measure of aggregate productivity), its expenditure share

on domestic goods, and the trade elasticity:

Ww; >\z 1/0

In our model gains from trade have a static and dynamic component. The static component,
holding each country’s stock of knowledge fixed, is the familiar gains from trade in standard
Ricardian models, e.g., Eaton and Kortum (2002).?” The dynamic gains from trade are the
ones that operate through the effect of trade on the flow of ideas.

In this section we consider several simple examples that illustrate the determinants of
the static and dynamic gains from trade, both in the short and long run. We first consider
an example of a world with symmetric countries. We study both the consequences of a
simultaneous change in common trade barriers as well as the case of a single deviant country

that is more isolated than the rest of the world. We also study how a small open economy

25Conditioning on a value of «, learning is faster. However, conditioning on a calibration target, the faster
learning plays no role because o would be recalibrated to absorb the change.

26Note that for either specification, a finite growth rate of the stock of knowledge requires ¢ < 1/3. This
limits how directly a manager can target the producers with the highest productivity.

2TSee Arkolakis et al. (2012) for other examples.
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responds when its trade barriers change, a case that admits an analytical characterization.?®

3.1 Gains from Trade in a Symmetric Economy

Consider a world with n symmetric countries in which there is a common iceberg cost x of
shipping a good across any border. In a symmetric world, the share of a country’s expenditure

on domestic goods is m; = ! =l while the share of its expenditure on imports from

T+(n—1
each trading partner is % Specializing either equation (7) or equation (9), each country’s

de-trended stock of knowledge on a balanced growth path is

A e PP
Sellers : \; = [@F(l—ﬁ)} ’ 7Ti12-_’8+(n—1)(1n W”) . (12)

>
Il

Producers ”

[ (13)

The de-trended real per-capita income is obtained by substituting these into equation (11)

1

1—m \7P 7
Sellers : @ oc |14 (n—1)° ( ”) (14)

i

S

1
1-5

D=

Producers : §; o<, (15)

Using these equations, we can ask how a change in trade costs would impact countries’
real incomes. It is instructive to compare three cases: the static case in which g = 0, learning
from sellers, and learning from producers. For each, we can summarize how countries’ real
incomes change with trade patterns by looking at the elasticity of real income with respect
to the share of expenditures spent on domestic goods.?’

Holding a country’s stock of knowledge fixed, the change in real income arising from a

28In Appendix G we explore an example with a richer geography in which trade barriers generate a core-
periphery structure. We examine how the dynamic gains from trade determines the gap in income between
core and periphery countries.

29A convenient feature of the symmetric example is that, since every country has the same stock of
knowledge and the same wage, the share of a country’s expenditure on domestic goods is W Thus
the change in k causes the same change in trade shares whether stocks of knowledge are held fixed, insights
are drawn from sellers, or insights are drawn from producers. In a world with asymmetric countries, the
a change in trade barriers (k) would cause different changes in trade shares in each version of the model.
However, as we will show below, the overarching message—that when insights are drawn from producers the
dynamic gains amplify the static gains whereas when insights are drawn from sellers the dynamics gains are
largest when countries are close to autarky—will remain.
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changing trade barriers depends only on the trade elasticity:

dlIny; 1

dlnm; \; fixed

For each of the two specifications of learning, we can summarize the elasticity of real income

to the domestic expenditure share:

dIny; 1 1
Sellers dny R — i (16)
i mi () + (L= )
In y; 1 1
Producers ding; _ (17)

dinm,;  1-36

Both the static and dynamic gains depend on the curvature of the productivity distribution,
0; a higher 6 corresponds to thinner right tails. With higher 6, there are fewer highly
productive producers abroad whose goods can be imported, and there are fewer highly
productive producers from whom insights may be drawn. The novel parameter determining
the gains from trade is 5. The parameter S controls the importance of insights from others in
the quality of new ideas and hence the extent of technological spillovers associated with trade.
With higher (3, insights from others are more important, and therefore, more is gained by
being exposed to more productive producers. This can be seen most clearly be comparing
autarky to costless trade. Equations (14) and (15) reveal that for either specification of
learning, the ratio of real income under costless trade (m; = 1/n) to real income under

autarky (m; = 1) is nTF. In the limit as [ goes to 1, the gains from trade relative to
autarky grow arbitrarily large.

For several values of 3, the top panels of Figure 1 illustrate the common value of each
country’s stock of knowledge relative to its level under free trade. The bottom panels show
the corresponding real income per capita. The left (right) panels focus on the specification
of learning in which insights are drawn from sellers (domestic producers). As a benchmark,
the dotted line represents = 0, which corresponds to the static trade model of Eaton
and Kortum (2002). As trade costs rise, countries become more closed and their stocks of
knowledge decline. When £ is larger, the dynamic gains from trade are larger.

When insights are drawn from domestic producers, the gains from trade simply amplify
the static gains. The diffusion parameter § determines the strength of the amplification.

One way of interpreting equation (17) is that the diffusion of ideas causes the static gains

30These limiting cases are close to the models analyzed by Alvarez et al. (2014), Sampson (2015), and
Perla et al. (2015). When S = 1, the steady state gains from moving from autarky to free trade are infinite
because integration raises the growth rate of the economy. In contrast, for any 8 < 1, integration raises the
level of incomes but leaves the growth rate unchanged.
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Figure 1: Gain from Reducing common trade barriers

Note: This figure shows each country’s stock of ideas and per capita income relative to
their values under costless trade.

from trade to compound itself. The expression for the static and dynamic gains from trade
shares features with an analogous expression in a static world in which production uses
intermediate inputs.?!

When insights are drawn from sellers, the dynamic gains from reducing trade barriers
are qualitatively different from the static gains. The dynamic gains are largest when the
world is relatively closed, whereas the static gains are largest when the world is relatively
open. This can be seen from the left panels of Figure 1 but also by inspecting the limiting

values of (16). As the world becomes more open, the total gains from reducing trade barriers

corresponds to the static gains, limy, 1/, % = —%. In contrast, as the world becomes
more closed, the marginal dynamic gains grow arbitrarily large, lim,,_,; % = —o0. Put
kX%

31Tn a world with roundabout production, a decline in trade costs reduces the costs of production, lowering
the cost of intermediate inputs, which lowers the cost of production further, etc. Here, when trade costs
decline, producers draw better insights from others, raising stocks of knowledge, and this improves the quality
of insights others draw, etc. The parameter 8 gives the contribution of an insight to a new idea, just as the
share of intermediate goods measures the contribution of the cost of intermediate inputs to marginal cost.
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differently, when the economy is relatively open, the total gains from reducing trade barriers
are composed mostly of the static gains, whereas when the world is relatively closed, the
total gains are composed mostly of the dynamic gains.

To understand this, consider a country close to autarky. If trade costs decline, the
marginal import tends to be made by a foreign producer with high productivity. While the
high trade costs imply that the static gains from trade remain relatively small, the insights
drawn from this marginal producer tends to be of high quality. In contrast, for a country
close to free trade, the reduction in trade costs leads to large infra-marginal static gains from
trade, but the insights drawn from the marginal producers are likely to be lower quality.

In contrast, when insights are drawn from domestic producers, the dynamic gains from
reducing trade barriers are largest when the world is already relatively open, as shown clearly

in the bottom right panel.

3.2 Asymmetric Economies

What is the fate of a single country that is more open than others? Or one that is closed
off from world trade? This section studies gains from trade in an asymmetric world in two
simple ways. We first describe how trade costs affect real income of a small open economy.
We then return to example of a symmetric world discussed in the previous section but with
a single “deviant” country that is more isolated.

Consider first a small open economy that is small in the sense its actions do not impact
other countries’ stocks of knowledge, real wages, or expenditures. Let ¢ be the small open
economy, and suppose that all trade costs take the form of x;; = kk;; and K;; = kkj; for

j # 1. To a first order the long-run impact of a change in x on country ¢’s real income is

Sell dlogy; 1+ 20
ellers: = -
1-Q;8  mii+0(1+mii)
dlogr 1-Q; (1-B)+B(1—m) t1
dlogy; 1426
Producers: = - (0
dlog k (1_5)%—1—1
xl=B )8
where Ql = W

When insights are drawn from sellers, the term €2; is the share of the growth in ¢’s stock of
knowledge that is associated with purchasing goods from ¢. One implication is that, holding
fixed m;;, the response of real income to a decline in trade costs is larger when €2; is smaller.
In words, this means that, among small open economies with the same trade shares, the
response of real income to trade will be larger when the country relies more on others for

growth in its stock of knowledge. For example, a country with a low stock of knowledge will
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rely more on others for good quality insights. When such a country reduces trade barriers,
the impact on income is larger, a manifestation of catch-up growth.

A second implication of the claim is that for both specifications of learning, the dynamic
gains from trade are always weakly positive. The static gains can be can be found by
evaluating either expression at 5 = 0.

Finally, when insights are drawn from sellers, in the limiting model as § approaches one,
the dynamic gains from lower trade barriers approaches zero.*> This may seem puzzling; as
the contribution of insights from others in the productivity of new ideas becomes larger and
the model approaches one of pure diffusion, the dynamic gains from trade become relatively
unimportant.

To resolve this, it will be useful to plot the the income of the single deviant country for
various values of 5. Consider now an asymmetric version of the model with n — 1 open
countries, ¢ = 1,...,n — 1, and a single deviant economy, ¢ = n. The n — 1 open countries
can freely trade among themselves, i.e., k;; = 1, 7,7 < n, but trade to and from the deviant
economy incurs transportation cost, i.e., kKp; = Kjp = kp > 1, j < n.33

The top panels of Figure 2 show how the deviant country’s stock of knowledge changes
with the degree of openness. The x-axis measures openness as the fraction of a country’s
spending on imports, 1 — m;. On the y-axis we report the stock of knowledge relative to
what it would be if trade were costless (k,, = 1). The bottom panels show the corresponding
real incomes. The different lines correspond to alternative values of 3, which controls the
importance of insights from others. The solid line shows the effect of openness in the case
with no spillovers, § = 0, which corresponds to the standard static trade theory of Eaton
and Kortum (2002). The other two curves show cases with positive technological spillovers.
The left panels correspond to learning from sellers while the right panels show learning from
domestic producers.

Across balanced growth paths, as the deviant economy becomes more isolated its stock
of knowledge contracts relative to that of the balanced growth path of n economies engaging
in costless trade. As discussed earlier, trade costs have effects on per-capita income beyond
the static gains from trade.

Figure 2 replicates the curious feature that if the deviant economy is moderately open,

32To see this, simply evaluate the expression at 4 = 0 and 8 = 1 and note that 8 = 0 implies Q; = 7.

33In the numerical examples that follow, we consider a world with n = 50 economies with symmetric
populations, so that each country is of the size of Canada or South Korea. We set § = 4, the curvature of the
Frechet distribution, which also equals the tail of the distribution of exogenous ideas. This value is in the
range consistent with estimates of trade elasticities. See Simonovska and Waugh (2014), and the references
therein. Given a value of 3, the growth rate of the arrival rate of ideas is calibrated so that on the balanced
growth path each country’s TFP grows at 1%, ﬁ = 0.01. The parameter & is normalized so that in the

case of costless trade, k, = 1, the de-trended stock of ideas equals 1.
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Figure 2: The Stock of Knowledge and Per Capita Income of the Deviant Economy.

Note: The figure plots a deviant country’s stock of knowledge (top panels) and per-
capita income (bottom panels) relative to what it would be under costless trade for the
cases when insights are drawn from sellers (left panels) and domestic producers (right
panels). Each curve is continuous, and the dot along the left axis is the value in autarky,
the limit as m; — 1.

the gains from lowering trade costs are small if the model is close to one of pure innovation
(8 = 0) or close to one of pure diffusion (5 = 1). Those two models differ however, in
the gains relative to autarky. For f = 0.9, when a country moves from autarky to only
slightly open, the dynamic gains from trade are quite large. But any subsequent lowering of
trade costs has a relatively small impact on the country’s stock of knowledge. It is only for
intermediate values of § that lowering trade barriers would have a larger dynamic impact
on a country’s stock of knowledge for a wide range of trade shares.

Why are the dynamic gains from trade concentrated near autarky when f is close to
one? The reason is the concavity generated by 8 in combining insights from others with
the exogenous components of ideas. When [ is large, the difference between a high and low
quality insight is magnified, and a country’s growth depends much more heavily on insights

from the most productive producers. When a country is only slightly open, it is already
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importing goods from most of the highest productivity foreign producers. Indeed, as § — 1
as long as the deviant country is even slightly open, its stock of knowledge is as high as it
would be under costless trade.?* This feature of the model will be especially important for
understanding our quantitative results when we study the implications of actual changes in

trade volumes.

3.3 Trade Liberalization

We now study how a country’s stock of knowledge and real income evolve when it opens
to trade. Does the country experience a period of protracted growth or does it converge
relatively quickly?

Consider a world economy that starts with n — 1 open economies and a single deviant
economy that are on a balanced growth path. Figure 3 shows the evolution of the real income
in the initially deviant economy following a trade liberalization. The left panel shows an
example in which the deviant country is initially in autarky and the n — 1 open economies
trade costlessly. For each of the two learning specifications, the figure traces out the real
income in the deviant country.>® The paths of the (de-trended) stocks of knowledge solve the
differential equations in (6) and (8), depending on whether insights are drawn from sellers
or producers.*® On impact real income jumps as it would in a static model. Over time, the
deviant country’s stock of knowledge improves. When insights are drawn from sellers, real
income converges more quickly to the steady state; a trade liberalization gives immediate
access to insights from goods sold by high productivity foreign producers. In contrast, when
insights are drawn from domestic producers, the insights are initially low quality, although
they become more selected, and only gradually improve as the country’s stock of knowledge

increases.®’

34 Alvarez et al. (2014) analyzed an economy similar to the limit point 8 = 1. In particular, their Propo-
sition 7 and 8 show that the behavior of the tail of the distribution of productivity is independent of trade
costs, as long as they are finite.

35We use this extreme example of a liberalization from autarky to costless trade because these are two
special cases in which both specifications of learning predict the same stocks of knowledge. This makes it
easier to contrast the speed of convergence across the two specifications.

36We set 3 = 0.5. The rest of the parameters follow the calibration in footnote 33.

37We can get a more general version of this result for a small open economy in a world with arbitrary trade
barriers. Log-linearizing around a balanced growth path, let §; denote the log deviation of ¢’s detrended real
income from its long run value and let variables with no decoration denote their long run values. The speed
of convergence of a small open economy is

d O — p
llers @ —logg =791~ P
Sellers 7 08 7{ 1+9(1+7m)+1—5( )}
d B 1—my
p : —logy, = —~v<1
roducers ar 08 Y 7{ T 1_ﬂ1+9(1+7m)}
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The right panel of Figure 3 shows a more empirically relevant example of a world where
trade costs are such that imports comprise 5% of expenditures for the deviant country and
20% of expenditures for n — 1 open countries. At time zero, trade costs for the deviant
country fall enough so that its import share eventually rises to 20%. Each curve shows real
income relative to the new symmetric balanced growth path when insights are drawn from
sellers. In line with previous results, for intermediate values of 3, the total increase in income
is larger.

In addition, the change in the deviant country’s stock of knowledge leads to a protracted
transition as the dynamic gains from trade are slowly realized. Ten years after the liberal-

ization, only around 50% of the dynamic gains from trade have been realized.

lAutarky to Costless Trade lm, = 0.05 — 0.20

0.95
0.9
|
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Figure 3: Dynamics Following a Trade Liberalization.

Note: This figure shows the evolution of real income for a deviant country whose trade
barriers suddenly fall. The left panel compares the predictions of each specification of
learning when the deviant country moves from autarky costless trade. The right panel
studies learning from sellers and compares the predictions for several values of 8 when
trade costs fall enough to shift the deviant country’s import share from 5% to 20%. Each
curve shows real income relative to the new symmetric balanced growth path.

4 Quantitative Exploration

We now explore the ability of the theory to account for the evolution of the distribution of

productivity (TFP) across countries in the post-war period. With this in mind, we extend the

N
P S s . . . . . . .
where ; = W is the share of i’s insights drawn from i. From these expressions, one can infer both
LT .
J g J

that convergence is faster when diffusion is more important (5 is larger) and that the speed of convergence
does not depend on «;. Convergence is faster with learning from sellers unless €, is significantly larger than
than 7;;, a case in which i’s stock of knowledge is much larger than that of its trading partners.
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simple trade model introduced in Section 2 to incorporate intermediate inputs, non-traded
goods, and a broader notion of labor which we refer to as equipped labor. In addition, to
simplify the exposition, we focus on the case in which insights are drawn from sellers to a
market. This version of the model has particularly rich testable implications and, as we show

in this section, it provides a promising quantitative theory of dynamic gains from trade.®®

4.1 Extended Trade Model

Suppose now that a producer of good s in each country ¢ with productivity ¢ has access to
a constant returns to scale technology combining an intermediate input aggregate (z) and

equipped labor (1)

1 n. (g
yi(s) = Wfﬂi(s) Li(s)

All goods use the intermediate good aggregate, or equivalently, the same bundle of interme-
diate inputs. The intermediate input aggregate is produced using the same technology as

the consumption aggregate, so that the market clearing condition for intermediate inputs for

/ zi(s)ds = { / Xi(s)l_l/ads] E/(H).

where x;(s) denotes the amount of good s used in the production of the intermediate in-

7 18

put aggregate. Equipped labor L is produced with an aggregate Cobb-Douglas technology

requiring capital and efficiency units of labor

1 ~
Li = /l1(5>d3 = WKf(hlLl)lic

In our quantitative exercises we take an exogenous path of aggregate physical and human
capital, K; and h;, from the data. We thus abstract from modeling the accumulation of

these factors, and hold them constant in counterfactuals.?”

38In Appendix F we present results for three alternative cases. We extend the learning from sellers
specification to include targeted and study two cases in which insights are drawn from domestic producers,
either uniformly or in proportions to labor used.

39Tmplicitly, we are assuming that individual technologies are

1

¥s) = et (1 = gyasma=g 1) () (el () e

and that investment can be produced with the same technology as the consumption and intermediate input
aggregates.
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In addition to the iceberg transportation costs x;j, we assume that a fraction 1 — p of
the goods are non-tradable, i.e., this subset of the goods face infinite transportation costs.
The main effect of introducing non-traded goods is that in the extended model the value of
the elasticity of substitution ¢ affects equilibrium allocations. In Appendix E we present the
expressions for price indices, trade shares, and the evolution of stocks of knowledge for this

version of the model.

4.2 Calibration

We need to calibrate seven common parameters, (6,7, (, i, v, €, ), and two sets of parameters
that are country and time specific, the matrix of transportation costs K; = [ki,] and the
vector of arrival rates ay = (g, ..., Q).

We set § = 4. This value is in the range consistent with estimates of trade elasticities.*’
We set 7 = 0.5 and ¢ = 1/3 to match the intermediate share in gross production and the
labor share of value added. We consider a share of tradable goods p = 0.5. We set ¢ = 1,
but note that alternative values do not affect the results significantly.

Following the strategy in Waugh (2010), we show in Appendix E that given values for 0,
1, and € as well as data on bilateral trade shares over time, the iceberg cost of shipping a

tradable good to country ¢ from country j at time ¢ is

Rijt = —

1 _
Dit (1_7Tiit Zit )9 (1—p)+pz, °
Dyt

where Z;; solves®!

To operationalize this equation, we use bilateral trade data for 1962-2000 from Feenstra et al.
(2005) and data on real GDP and the price index from PWT 8.0.%2
To assign values to the vector of arrival rates & = (Gqy, ..., (i) We proceed in two steps.

Given the evolution of trade flows summarized by Z;;, we compute, in each year, the stocks

40Gee Simonovska and Waugh (2014) and the references therein.
417, can be interpreted as the share of i’s expenditure on tradable goods spent on domestic tradables,

1wl ) 0N, —1/0 . .. .
= Epzani—n) ),9/\ A 1/6 is also the price index of non-tradables relative to that of tradable goods
G\Pj W Fig i

equal to
in 1.

42In particular, we measure real GDP using real GDP at constant national prices (rgdpna). We scale the
real GDP series for each country so that its value in 1962 coincides with the real GDP measure given by the
output-side real GDP at chained PPPs (rgdpo). We measure the price index using the price level of cgdpo
(pl.gdpo), where cgdpo is the output-side real GDP at current PPPs.
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of knowledge needed to match each country’s TFP using

~ _e—1 5%91 W (1-m)6
Aie o \(L=p) + pZy ] (P_Zt)

This is a generalization of equation (11) for the model with intermediate inputs and non-
traded goods. We measure TFP in the data as a standard Solow residual using real GDP,
physical capital (K), employment (emp), and average human capital (h) from the PWT 8.0,
i.e., TFP = real GDP/[K'/? . (emp - h)?/3].%3

Given the evolution of trade flows and stocks of knowledge as well as values for 5 and v,

we back out sequences of arrival rates of ideas using the law of motion of stocks of knowledge

1-Z;

1-8

N ~ A aa Ty N A

Nitp1 o< G (L= p) Xg+p [ 2775 + E (1—£t> Nl ¢ - 115)‘“ (18)
J#

This is a discrete time generalization of (3) for the extended model. The sequence of arrival
rates of ideas are the residuals needed to explain the evolution of TFP between 1962 and 2000
given the dynamics of trade costs. For some counterfactuals we hold country-specific arrival
rates of ideas constant at their initial levels. When doing this, we assume that countries were
on a balanced growth path in 1962, and assign to each country the arrival rate of ideas &; o
to exactly match the stocks of knowledge in 1962 when specializing (18) to a steady state,
e, Nirp1 = Aie = Ainoea-

We are left with two parameters to calibrate: the strength of the diffusion, 3, and the
growth rate of the arrival rate of ideas, . Rather than taking a strong stand on the value
of the diffusion parameter, 3, we explore how well the model can quantitatively account
for cross-country income differences and the evolution of countries’ productivity over time
for alternative values of 5 € (0,1). That being said, it is useful to discuss a simple (albeit
heroic) strategy to calibrate this parameter. On a balanced growth path the growth rate of
productivity is (1/6)(A/A) = ~v/(8(1 — B)). Identifying the growth rate of the arrival of ideas
with the average growth rate of population in the US between 1962 and 2000, v = 0.01,

43In any calibration of the model, we must take a stand on how to apportion a country’s TFP into a stock of
knowledge, which may generate idea flows, and other factors, such as allocational efficiency, that are unlikely
to diffuse across borders. Our baseline calibration assumes that physical and human capital differences are
unlikely to diffuse across borders, but that after controlling for those, all residual TFP differences are due
to differences in the stocks of knowledge and trade barriers. In Appendix F we consider an alternative
calibration strategy. We project log T'F'P onto on R&D intensity, the log of the human capital stock and the
log of an import-weighted average of trading partners’ TFP. We assign the residual TFP from this regression
to a neutral productivity terms affecting the units of equipped labor and not the stock of knowledge, and
choose stocks of knowledge to match predicted TFP from the regression. There we show that the results in
this section are robust to the alternative calibration strategy.
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assuming that the growth rate of productivity on a balanced growth path equals the average
growth rate for the US between 1962 and 2000 (0.8% per year), the value of § = 4 implies
an approximate value for the diffusion parameter 3 = 0.7.** When we consider alternative
value of the diffusion parameter 3, we recalibrate v to match an average growth rate of TFP
in the US of 0.8 percent.

4.3 Sample Selection

The sample of countries in our quantitative analysis consists of a balanced panel of countries
that is obtained by merging the PWT 8.0 with the NBER-UN dataset on bilateral trade flows
from 1962 to 2000. We further restrict this sample to those countries with a population above
1 million in 1962 and oil rents that are smaller than 20% of GDP in 2000. We exclude Hong
Kong, Panama and Singapore, as these are countries where re-exports play a very large role.

The final sample consists of 65 countries.*’

4.4 Reduced Form Evidence

Before discussing the results from the calibrated model we present suggestive reduced form
evidence of the mechanisms emphasized by the theory. We start by discussing cross-sectional
evidence in 1962, the first year of our sample.

Given the arrival rate of ideas in a country, the theory predicts that the main drivers of
a country’s TFP are its openness and the TFP of its trading partners. The first panel of
Figure 4 shows that countries that are less open (high 7;;) tend to have lower TFP, although
this relationship is not statistically significant. The second panel shows the relationship
between the TFP of a country’s trading partners and its own TFP. In particular, for each

country we compute an import weighted average of a country’s trading partners’ TFP:
2 i Wi TFP;
1—m4;

be (statistically significantly) more productive.

. The figure shows that countries with more productive trading partners tend to

44This discussion ignores the impact that changes in world openness had on the TFP growth of the US.
If we take this into account, the diffusion parameter that is consistent with the observed growth of TFP in
the US between 1962 and 2000 is approximately 5 = 0.6.

45 Argentina, Australia, Austria, Belgium-Luxemburg (we consider the sum of the two countries, as the
UN-NBER trade data is reported only for the sum), Bolivia, Brazil, Cameroon, Canada, Chile, China,
Colombia, Costa Rica, Cote d‘Ivoire, Denmark, Dominican Republic, Ecuador, Egypt, Finland, France,
Germany, Ghana, Greece, Guatemala, Honduras, India, Indonesia, Ireland, Israel, Italy, Jamaica, Japan,
Jordan, Kenya, South Korea, Malaysia, Mali, Mexico, Morocco, Mozambique, Netherlands, New Zealand,
Niger, Norway, Pakistan, Paraguay, Peru, Philippines, Portugal, Senegal, South Africa, Spain, Sri Lanka,
Sweden, Switzerland, Syria, Taiwan, Tanzania, Thailand, Tunisia, Turkey, Uganda, United Kingdom, United
States, Uruguay, and Zambia.
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Figure 4: Cross-sectional TFP differences in 1962

Note: The first panel shows the cross-sectional relationship between (lack of) openness,
as measured by countries’ expenditure shares on domestic goods, and TFP. The right
panel shows the cross-sectional relationship between the each country’s TFP and its
exposure to other high TFP trading partners, as measured by an import-weighted average
of trading partners’ TFP. In each panel we report the slope of the regression line and its
standard error in parenthesis.

Over time, among the many factors that would alter a country’s productivity, the model
emphasizes changes in openness, changing exposure to trading partners, and changes in
trading partners’ productivity. Figure 5 shows some simple reduced form patterns in the
data.

The first panel shows the relationship between changes in openness and changes in TFP.
Consistent with the model, countries that increased expenditures on imports tended to have
(statistically significantly) larger increases in TFP.

The second panel shows the association between the change in countries composition of

expenditures and TFP growth. For each country, we compute the changes in exposure to
2000 _
ij

T 2)TFP/*?. Consistent with the theory, there is a clear pattern that countries that

trading partners with high initial TFP. Specifically, for country i we compute ), (m

increased import exposure to trading partners with high initial productivity saw (statistically
significantly) larger increases in TFP.

The third panel shows that countries whose trading partners became more productive
tended to see increases in TFP. While this relationship is consistent with the model, it is

fairly weak and statistically insignificant.
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Figure 5: Openness and Changes in TFP, 1962-2000

Note: The first panel shows the cross-sectional relationship between changes in countries’
TFP and changes in (lack of) openness, as measured by the change in expenditure share
on domestic goods. The second panel shows the cross-sectional relationship between
changes in countries’ TFP and changes in countries’ exposure to trading partners who
had high TFP in 1962, where exposure is an import-weighted average. The third panel
shows the cross-sectional relationship between changes in countries’ TFP and changes in
trading partners’ TFPs, weighted by expenditure shares in 1962. In each panel we report
the slope of the regression line and its standard error in parenthesis.

4.5 Explaining the Dynamics of TFP

Motivated by the reduced form evidence, this section studies the ability of the model to
account for the evolution of productivity over time. We begin our quantitative analysis
by comparing the static and dynamic gains from changes in trade costs. As discussed in
Section 4.2, we use expenditure shares to back out the evolution of bilateral iceberg trade
costs over time. Under the stark assumption that, given trade costs, each country was on
its balanced growth path in 1962, we can find the set of country-specific arrival rates {&;}
that perfectly match the cross-section of productivity. Finally, we ask: if the arrival rates
of ideas had remained constant over time and only trade costs changed, what would each
country’s TFP be in 20007

Figure 6 compares the predicted change in TFP from the model to that of the data for
two calibrations of the diffusion parameter, 5. Each point represents a country, and each
panel contains a regression line through the observations and a dashed 45-degree line. If the
model perfectly predicted each country’s TFP growth, each dot would be on the (dashed) 45
degree line. The red regression line in each panel provides a simple measure of the average
ability of the theory to account for cross country differences in TFP growth. The first panel

shows the predicted changes in TFP when § = 0 so that there are no dynamic gains from
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Figure 6: Trade and the TFP Dynamics, 1962-2000

Note: Each panel plots countries’ actual changes in TFP against the predicted change in
TFP of the model if only trade costs change. We compute this counterfactual under the
assumptions that the arrival rates are heterogenous across countries, that each country
was on its balanced growth path in 1962, and that arrival rates have remained constant
since 1962. The first panel assumes that 5 = 0. The second panel assumes g = 0.7. In
addition, each figure plots a dashed 45-degree line and a red regression line.

trade. The model predicts only small changes in TFP, consistent with small static gains
from trade. In the second panel 3 is set to 0.7, the value implied by the simple calibration
discussed at the end of Section 4.2. In this panel the regression line is more upward sloping,
indicating a stronger relationship between the predicted and actual changes in TFP.

To get a sense of what is driving the model’s predictions, we can decompose the predicted
TFP changes into various components. Each of the top panels in Figure 7 displays the
changes in countries’ TFP on the x-axis and some measure of the model’s predicted changes
in TFP when S = 0.7 and insights are drawn from sellers on the y-axis. In the model,
each country’s TFP is a function of its stock of knowledge and its expenditure on domestic
goods, TFP(\;,m;). In turn, each country’s stock of knowledge is a function of others’
stocks of knowledge and import shares, A ({\ji};zi>0, {Ili}i>0), where IT = {m;;}i =1, N
is the matrix of trade shares. The top left panel shows the static effects of changes in
trade costs, dInTFP(Xy(A_io, Ly), miir) = InTFP (N, miie) — In T FP(Xjo, mii0), where each
country’s stock of knowledge is held fixed at its initial level. Countries that saw an increase
in the trade share tended to increase TFP more. The top middle and right panels show the
contribution of the two drivers of dynamic gains from trade. The top middle panel holds
fixed trading partner’s stocks of knowledge, but allows the dynamic gains from trade through

changing exposure to different trading partners. The top right panel holds fixed trade shares
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Figure 7: Decomposition of Changes in TFP and Reduced Form Relationship between Open-

ness and TFP Growth in Model Generated Data, 1962-2000
Note: The top left panel plots changes in TFP against predicted changes in TFP .
The top panels plot actual changes in TFP against the various components of predicted
changes in TFP, under the assumption that learning is from sellers, § = 0.7, and the
arrival rate of ideas is kept at its 1962 value, o;;y = ;9. The top left panel hold fixed
all countries stocks of knowledge. The other top panels allow each country’s stock of
knowledge to evolve, but hold fixed initial trade shares in computing TFP. In the top
middle panel, learning is such that each country’s trading partners’ stocks of knowledge
are held fixed at their initial levels, but trade shares evolve. In the top right panel,
learning is such that trading partners’ stocks of knowledge evolve but initial trade shares
are held fixed at their initial levels. The bottom panels reproduce the reduced form
evidence in Figure 5, using model generated data when g = 0.7, and the arrival rate of
ideas is kept at its 1962 value, a;; = ;.

but allows the dynamic gains from trade through changes in trading partners’ productivities.
Consistent with Figure 5, changes in exposure to trading partners plays an important role,
but changes in trading partners productivities plays almost no role.

The bottom panels of Figure 7 present the reduced form relationship between openness
and changes in TFP, using model generated data when g = 0.7, and the arrival rate of
ideas is kept at its 1962 value, a;; = 9. The model reproduces qualitatively the patterns
reported in Figure 5. As was the case in the data, changes in own trade share (bottom-
left panel) and changes in exposure to high-TFP trading partners (bottom-middle panel)

correlate significantly with changes in TFP, while changes in trading partners’ TFP is not
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significantly associated with TFP growth. Interestingly, the magnitude of the coefficients
in the model generated data are smaller than in the actual data. This is true even though
in our model the gains from trade are substantially higher those of a static trade model.
Through the lens of our model, this suggests that part of relationship between openness and
growth is accounted for by the correlation between changes trade cost and changes in the
arrival rate of ideas; countries whose TFP rose due to changes in trade barriers also tended

to increase research intensity:.
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Figure 8: The contribution of changes in trade costs to changes in TFP

Note: This figure reports the fraction of TFP growth accounted for by trade costs, for
various values of 3, according to two decompositions. In both panels, the solid lines
correspond to (19) in which the contribution of trade is evaluated holding the arrival
rates constant; the dashed lines to correspond to (20) in which the contribution of trade
is evaluated at the evolving arrival rates that are consistent with data. The left panel
reports the fraction of total growth in TFP accounted for by changes in trade costs. The
right panel reports the fraction of variance in TFP growth rates accounted for by changes
in trade costs. The lines with square markers report exclude the covariance between the
contribution from trade and the contribution from changing arrival rates of ideas; the
lines without markers include the covariance. In all cases, insights are drawn from sellers.

Figure 8 shows a more systematic assessment of how the strength of diffusion alters the
explanatory power of trade in the model. For each f we compute two counterfactuals to
assess the contribution of trade to changes in TFP. Each provides a different way of dividing
changes in each country’s TFP into a contribution from changes in trade barriers and a

contribution from changes in the arrival rates of ideas.*® First, we compute how countries’

460f course, changes in trade costs may themselves affect incentives to innovate and hence the arrival of
ideas. In Appendix D, we extend the result of Eaton and Kortum (2001) that on any balanced growth path,
each country’s research effort is independent of trade barriers (although research effort may vary due to other
things, such as taxes). Thus over long periods of time, treating the arrival rate of ideas as independent of
trade costs may be a good approximation.
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TFP would have evolved if trade costs evolved as they do in data but each country’s arrival
rate of ideas remained fixed at its 1962 level. The predicted change in TFP is the contribution
of trade and the residual is the contribution from changes in arrival rates.*” The second
counterfactual computes the changes in TFP if the arrival rates of ideas evolved as they do
in the data but the trade costs remained fixed at their 1962 levels. The predicted changes
in TFP are the contribution of changes in the arrival rates and the contribution of trade are

the residuals.*®

TFP;(oy, k) TFP;(a, k) TFP;(oy, k)

In ———-=% | 1 19
Y TFEP (ao, ro) Y TFEP(ag ro) | TEP(ag, ) (19)
cont. f;o:n trade cont. from‘arrrival rates
\ TFP(oynr) _ TFP(avr) | TFP(0y k) )
TF P;(a, ko) TF P;(o, ko) TFP;(a, ko)
cont. from:rrival rates cont. fr:)rrn trade

We can summarize the role of trade in a few different ways. We first compute the
fraction of changes in TFP growth accounted for by contributions from trade and from
contributions from changes in the arrival rate of ideas.”” The solid line corresponds to the
first counterfactual in which the contribution of trade is evaluated at the initial arrival rates,
and the dashed line corresponds to the second counterfactual in which contribution of trade
is evaluated at the actual arrival rates.

According to this decomposition, both counterfactuals indicate that the static gains from
trade (8 = 0) account for roughly eight percent of the growth in TFP from 1962-2000. With
£ > 0, changes in trade costs are more important. The contribution trade is highest if
B = 0.7, a setting in which a quarter of the increases in TFP are accounted for by changes
in trade costs.

While the model predicts that changes in trade barriers can account for a significant
fraction of TFP growth, it is possible that model assigns growth to the wrong countries.

To address this, the right panel of Figure 8 shows the fraction of variation in TFP growth

47This is in some ways analogous to dividing changes in nominal GDP into changes in a price index and
changes in a quantity index. If the price index is a Lespeyres index then the quantity index is a Paasche
index and vice versa.

48We use here the shorthand that a; and . represent a sequence of the vector of arrival rates and matrices
of trade costs that are required to match the data, and g and kg are the initial values. Thus TF P;(«ag, ¢)
represents the TFP of country ¢ in a counterfactual in which the arrival rates of technologies are held fixed
at their initial levels but trade costs evolve as they do in the data. By construction TF P;(ay, k¢) equals
country ¢’s TFP in 2000 and T F P;(«yp, ko) is what i’s TFP would have been had the world remained on the
balanced growth path since 1962 — the vector of TFP in 2000 would be a scalar multiple of the vector of
1962 TFPs.

. e . contribution from trade
49For each of the two counterfactuals, this is 2

S In TEP; (g k)
i M TEP, (ag,r0)

fraction of each country’s TFP growth due to trade, where countries are weighted by their TFP growth.

. It is thus a weighted average of the
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rates accounted for trade costs. The variance of TFP growth can be decomposed into three
components, the variance of contributions of changes in trade costs, the variance of the
contributions of changes in arrival rates, and twice the covariance of the two. The figure
plots four lines. The two solid lines correspond to the decomposition in (19) in which the
contribution of trade is evaluated holding the arrival rates of ideas fixed at their initial levels.
The two dashed lines correspond to (20) in which the contribution of trade is evaluated
allowing the arrival rates to evolve as they must to explain the data. The lines that are
marked with squares represent the fraction of variance of TFP growth rates accounted for
by the variance of the contributions from trade. The lines without markers add in the
covariance between the two contributions.

Three lessons emerge. First, the ability of the model to account for TFP changes is
greatest for intermediate values of the diffusion parameter, 5. As highlighted when discussing
Figure 2, for 8 close to 1 a country’s stock of ideas depends much more heavily on insights
from the most productive producers, so that even countries close to autarky have accrued
most of the dynamic gains from trade. Consequently when § is close to 1, the model does
not predict much dispersion in TFP growth among countries that are moderately open.

Second, the covariance terms are also quite large; countries whose TFP rose most saw
increase stemming from trade but also from increasing the arrival ideas. This is consistent
with the notion that some countries reformed along many margins, which both increased
trade and increased R&D. Including this covariance, changes in trade cost can account for
more than a third of the variation of changes in TFP (when § is roughly 0.6).

Third, when the contribution of trade is evaluated at the arrival rates drawn from data,
trade accounts for more of the variance of TFP changes (either including or excluding the
covariance). This happens because changes in trade costs and in the arrival rates of ideas
are complementary. Intuitively, improvements in the quality of insights matter more when

the arrival rate of these insights is greater.

4.6 Growth Miracles

To illustrate the fit of the model more concretely, we show how the model predicts changes in
TFP during several growth miracles. We begin by comparing the implied evolution of TFP
in South Korea and the US. South Korea is a particularly interesting example as it is one
of the most successful growth miracles in the post-war period, and a country that became
most integrated with the rest of the world, as inferred from the behavior of trade flows. The

U.S. economy provides a natural benchmark developed economy.*”

50In Table 1 of the Appendix we present summary statistics for each country in our sample.
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Figure 9: Openness and the Evolution of TFP: South Korea and the US

Note: This figure plots the changes in TFP for South Korea (top panels) and the US
(bottom panels) under the specification of learning insights from sellers (left panels) and
learning from producers (right panels). In each panel, we plot the actual change in TFP
and changes in TFP generated by the model for various values of 3. In all cases, TFP is
detrended by the average growth rate of TFP in the US.

Figure 9 explores the implied dynamics of TFP under various assumptions. As in Figure
6, we assume that arrival rates of ideas are heterogenous, that, given trade costs, each country
was on its balanced growth path in 1962, and that arrival rates have remained constant since
1962. Figure 9 shows the evolution of TFP for South Korea (left panel) and the US (right
panel) for this case. The solid line shows the evolution of TFP in the data, de-trended by the
average growth of TFP in the U.S. The other lines correspond to simulations using alternative
values of the diffusion parameters 3. The case of 5 = 0 (dotted line) gives the dynamics of
TFP implied by a standard Ricardian trade model, e.g., the dynamics quantified by Connolly
and Yi (2015). The other two lines illustrate the dynamic gains from trade implied by the
model.

Two clear messages stem from this figure. First, for a wide range of values of the diffusion
parameter the dynamic model accounts for a substantial fraction of the TFP dynamics of
South Korea. This is particularly true when considering intermediate values of the diffusion
parameters 5. Recall from Figure 2 that for an economy that is moderately open, dynamic
gains from trade are non-monotonic in 3. Second, the right panel shows that changes in
the dynamic gains from trade identified by the model are less relevant for understanding the
growth experience of a developed country close to its balanced growth path.

Figure 10 shows the evolution of TFP for a larger set of Asian countries that experienced
high growth in the post-war period. For each country, the solid line is the data, while the

dotted line is the model with 8 = 0 when trade costs are adjusted, but the arrival rates of
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Figure 10: Growth Miracles

Note: In all cases, TFP is detrended by the average growth rate of TFP in the US.

ideas is held as in the 1962 values. The dashed line shows the evolution of TFP for the simple
calibration of the diffusion parameter, 5 = 0.7. For some countries such as South Korea and
China, the diffusion of ideas due to trade explains a substantial fraction of TFP growth.
For others, such as Thailand changes in trade costs account for a smaller, but significant,
fraction of TFP growth. Finally, the dashed dotted line shows the evolution of TFP netted
of the contribution of changes in the arrival rate of ideas. The gap between this and the data
is the contribution of trade as measured by (20). The fact that this second measure of the
contribution of trade tends to be larger suggests strong complementarities between changes

in trade costs and in the arrival rates of ideas, consistent with the results in Figure 8.

4.7 Explaining the Initial Distribution of TFP

We next assess the role of trade barriers in accounting for the initial cross-country TFP
differences. To this end, we use as a baseline the extreme assumption that the arrival rate
of ideas is the same in each country, &; = &. Given the calibrated trade costs and a value of
B, we solve for the balanced growth path of the model. In this case, trade is the only force
driving TFP differences.

Figure 11 compares the implied distribution of TFP on the balanced growth path of

38



log(TFP), model

loa(TFP). data loa(TFP). data

Figure 11: Openness and the Distribution of TFP in 1962

Note: Each panel plots countries actual TFP in the 1962 against the predicted TFP of
the model under the assumption that the arrival rate of ideas is uniform across countries.
The first panel assumes that 8 = 0. The second considers 8 = 0.7 and the case in which
insights are drawn from sellers. In addition, each figure plots a dashed 45-degree line
and a red regression line.

the model to the actual distribution of TFP in 1962, the first year in our sample. Each
dot represents a country. The first panel shows the case of § = 0, so that there is no
cross-country diffusion of ideas and differences in countries’ TFP represent only the static
Ricardian gains from trade. As the panel shows, these static gains generate only a small
amount of cross-country differences in productivity.

The second panel assumes that § = 0.7 so that the cross-country TFP differences rep-
resent both the static and dynamic gains from trade. The model generates more variation
in TFP across countries. The positive slope of the red regression line implies a positive
correlation between the model’s predictions and the data.

We next assess more systematically how the strength of diffusion affects the ability of
the model to account for cross-country TFP differences in Figure 12. For each model, we
divide variation in TFP into a contribution from trade and a contribution from arrival rates
of ideas. Given trade costs, we compute for the vector of arrival rates {«;} so that the world
would be on a balanced growth path. Given these, we can compute the &, a number so that
if each bilateral iceberg trade cost were k, the volume of world trade would be unchanged.
The contribution of trade to cross-sectional TFP differences is the variation that comes from
the counterfactual of changing trade costs from k;; to .

Similar to Section 4.5, we can do this in two ways. In (21) the contribution of trade is
evaluated at common arrival rates @, while in (22) it is evaluated at the country specific

arrival rates.
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Each panel of Figure 12 has four lines. The two solid lines correspond to the decomposi-

tion in (21) in which the contribution of trade is evaluated holding the arrival rates of ideas

fixed at a common level @&. The two dashed lines correspond to (22) in which the contri-

bution of trade is evaluated using country-specific arrival rates. The lines that are marked

with squares represent the fraction of cross-sectional variance of TFP accounted for by the

variance of the contributions from trade. The lines without markers add in the covariance

between the two types of contributions. The left and right panels illustrate the ability of the

theory to account for the cross section variance in 1962 and 2000, respectively.

06 Cross-Sectional Variance, 1962

06 Cross-Sectional Variance, 2000

05}

0.4}

0.3}
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0.1t}
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= DO= « varying, excl. cov.
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~0- G

0.5 1

Figure 12: Mean squared error of predicted TFP

Note: This figure reports the fraction of the cross-sectional variance in log TFP in
1962 accounted for by trade, for various (3, according to two decompositions. The solid
lines correspond to (21) in which the contribution of trade is evaluated at a common
arrival rate; the dashed lines to correspond to (22) in which the contribution of trade is
evaluated at country-specific arrival rates. The lines with square markers report exclude
the covariance between the contribution from trade and the contribution from variation
in arrival rates of ideas; the lines without markers include the covariance. In all cases,

insights are drawn from sellers.

When 3 = 0 so that there is no diffusion of ideas, the model accounts from roughly 2% to

8% of the variation, consistent with the first panel of Figure 11. As we consider specifications
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for which the strength of diffusion is larger, the model accounts for more of the variation
in TFP. Again, while the ability of the model to account for the initial differences in TFP
initially rises with the strength of diffusion, it is greatest for cases with intermediate values
of the diffusion parameter, 3. For a large range of values of 3, however, variation in trade

barriers accounts on average for up to 45% of the cross-sectional dispersion in TFP.%!

5 Conclusion

In this paper we have provided a tractable theory of the cross-country diffusion of ideas
across countries and a quantitative assessment of the role of trade in the transmission of
knowledge. We found that when the model is specified so that the strength of diffusion is
at an intermediate level, the model predicts a stronger response of TFP to changes in trade
barriers than if the model were specified at either extreme of pure innovation or of pure
diffusion. We show quantitatively that ability of trade barriers to account for changes in
TFP from 1962-2000 is up to three times as large when the model allows for dynamics gains
from trade.

The analysis points to critical importance of the strength of diffusion, 5. While we
provided one crude strategy to calibrate 3, a more robust strategy would make better use of
the variation in trade costs identified by Feyrer (2009b,a).

Of course we omitted many channels that may complement or offset the role of trade in
the diffusion of ideas. Chief among these are FDI and purposeful imitation. The productivity
spillovers from trade are modeled as an external effect, which likely reflects how some but not
all ideas diffuse. In addition we have abstracted from variation across industries. Knowledge
from one industry may be more useful in generating ideas to be used in the same industry
than in other industries. In light of this, our quantitative results assessing the role of openness

should be viewed as a first step rather than the final word.
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A Technology Diffusion

Lemma 3 Under Assumption 1, there is a K < oo such that for all z, %9(2) <K

Proof. Choose 6 > 0 arbitrarily. Since lim, iéz) = 1, there is a z* such that z > z*

implies 1_;_{9(Z) < 1446. For z < z*, we have that 2% [1 — H(z)] < (%)’ [1 — H(2)] < (z%)".
Thus for any z, ljﬁz) < K = max {1 +9, (Z*)a} [

Claim 4 Suppose that Assumption 1 holds. Then in the limit as m — oo, the frontier of

knowledge evolves as:
dIn Fy(q)

o = —atq_e/o 27 dGy ()

Proof. Evaluating the law of motion at m<1flﬁ)9q and using the change of variables w =

.
m (-Pox we get

r 1
0 - 1 o0 m -5o
gi B (mTma) = ‘mo‘t/o 1_H<Tq)

1
o0 (1-p)0 -
_ —mozt/ 1- H _mg dG, (m(f_lﬁ)*s w)
0 1

Since Fy(q) = F; <m(1flﬁ)€ q), and G, = G, <m(lflﬁ>9 q), this is

1
Omkfg) _ [T g mTTe 4G, (w)
ot - " ( 1 \B !
m(l—/s)ew)
© 11— H (m"Y%uw"*
= —@tqg/ ( 5 ) wﬁgth(UJ)
0 [m1/0quw=>~]

We want to take a limit as m — oo. To do this, we must show that we can take the limit
inside the integral. By Lemma 3, there is a K < oo such that for any z, %éz) < K. Further,
given the assumptions on the tail of G,, the integral [~ K w??dGy(w) is finite. Thus we can

take the limit inside the integral using the dominated convergence theorem to get

J0ln Fy(q)

5 —atq_e/o w?dGy(w)
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In the model, managers engage in Bertrand competition. In that environment, an im-
portant object is the joint distribution of the productivities of the best and second best
producers of a good. We denote the CDF of this joint distribution as th(ql, ¢2), which, for
q1 > 2, equals™

Ftw(QD q2) = My(q2)™ +m [M(q2) — My(qu)] Mt(Qz)mfl-

Since the frontier of knowledge at t satisfies Fy(q) = M,(¢q)™, the joint distribution can be

written as

FP(q, q0) = {1 +m { <E(CI1)/Ft<QZ)>1/m - 1}] Fle), @ >q

Normalizing this joint distribution by the number of producers,
FP(qi,q) = F}? (m“j‘”" q1, m(l’lﬁ”CIz) ,

taking the limit as m — oo gives the following corollary:

Claim 5 Under Assumption 1,

lim F2(q1,q2) = [1 +log Fy(q1) —log Fi()] i), @1 > o

B Trade

B.1 Equilibrium

This section derives expressions for price indices, trade shares, and market clearing conditions
that determine equilibrium wages. The total expenditure in 7 is X;. Throughout this section,
we maintain that F}?(q1,¢2) = [1+ Nigr? — Mgz ] e 207,

For a variety s € S;; (produced in j and exported to 4) that is produced with produc-

tivity ¢, the equilibrium price in 7 is p;(s) = wj;“, the expenditure on consumption in i is

1—e 1—¢
<7%j)> X, consumption is ﬁ (%) X;, and the labor used in j to produce variety

miglan(s) (pe)\C
s for 7 is io) ( 2 ) X;.
Nj(wjrig)
2ok Ak(wikik)
ture that is spent on goods from j. We begin with a lemma which will be useful in deriving

Define 7;; = —. We will eventually show this is the share of i’s total expendi-

52Intuitively, there are two ways the best and second best productivities can be no greater than ¢; and ¢s
respectively. Either none of the productivities are greater than ¢o, or one of the m draws is between ¢; and
g2 and none of the remaining m — 1 are greater than gs.
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a number of results.

Lemma 6 Suppose 71 and 1 satisfy 0 <17 <1 and 0 < 7+ 1 < 1. Then

/sGS-

ij

~ _ ” by 71
¢j1(3)""pi(s) "™ ds = B(r1, 72) [Z M (wikik) 9] ij (_]>
k

1—71 1—71

where 3(71,7-2) = {1 — 42 (65_1)*9(1771)} T(1—7—7)

Proof. We begin by defining the measure F;; to satisfy

WrRK; kZE W KT
Fij(@1,42) H E? - F*(dw, )
Wjkij Wk

O k#j
WK WK;
/ HF12< k sz2’ k kQQ) F12(dl',q2>
@ ki Wikqj  Wjkij

(23)

Fij(q1,q2) is the fraction of varieties that ¢ purchases from j with productivity no greater

than ¢; and second best provider of the good to ¢ has marginal cost no smaller than

There are two terms in the sum. The first term integrates over goods where j’s lowest-cost

producer has productivity no greater than ¢, and the second over goods where j’s lowest

cost producer has productivity between ¢; and ¢s. The corresponding density &]‘?—ng.}’-}j (q1,q2)

will be useful because it is the measure of firms in j with productivity ¢ that are the lowest

cost providers to ¢ and for which the next-lowest-cost provider has marginal cost w;k;;/qo.

We first show that

—6

[
Ej(Ql?QZ) = [71'2] =+ )\] (q;e _ qu)] e i Ajdy

The first term of equation (23) can be written as

-0
q2 q2 WEKik —0
WEKiEL WEKiLT - k( Lt ) x _0—1 —N.g—?
/ | | ka( . “— ) F?(dx,x) = 7 g ONjr e N dy
0 0

Y
Wik WikKij
Py Jhvig ghvij
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The second term 1is

-0
« WeKikQ2 Wrk; — St A M) A A .
/ HFk ( k zlcq27 k szZQ) ij (dr, ) = e 2kt k<w3nu 92 / 0)‘jx_9_16_)\]q26d:p
92 £

Wjkij Wik a2
—0 0
_ Zk /\k ( wknzk) q; _0 _0
= ! N ey —ar’]
)\
— B q2 —0
= N [ -]

Together, these give the expression for F;;, so the joint density is

a—gﬁ(ql q2) _ i (9}\ q—9 1) ((9)\~q_0_1) e—%quz_e
afha% ! ’ 7Tij 741 742

We next turn to the integral [ _o ¢;1(s)"ps(s)"™ds. Since the price of good s is set
ij
at either a markup of _= over marginal cost or at the cost of the next lowest cost provider,

this integral equals

—0T
// enmin{wﬂﬂj, £ wj'fz‘j} 232Ej(ql,qQ)dqldq2

e c—1 ¢ 0010,
/ / 0m min { 200 © L (O7a"™) (0a"") e 7 dgydgs
G ) ce—1 ¢ Tij 741 742

Using the change of variables x; = A =Lqy % and z, = A—?qg 9 this becomes
g Tij

; s T1+T2  poo  pzo e 0 T2
(wiky) Py | =2 27 ™ min < xy 1 e "2dxdzs
5K ij 1 : 1
Tij o Jo €=

—r
Define B (11, T2) fo ™ min {xz, (;—1)9 .7:1} e "2dxidxs, so that the integral is

s T1+7T2
/ qi1(s)"pi(s) " ds = B(r1,72) (wyky) ™ my <_])
SES, Tij

ij

. /\-(wni-)fe —0r (X \T? -] .
Using m;; = =L—2— we have (w;jx;;) (—J> = [Zk A (WeKik) } . Finally we
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complete the proof by providing an expression for B (11, 72):

oy
B o) X9 e 0
B(m,m) = / / x; ' min :I:Q,( 1) 1 e 2dxidr,y
0o Jo €=
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where the final equality uses the fact that for any =, I'(x + 1) = z['(z). =

e \—0(1-71) e \—0(1-71)
{1_<;> ) 1}“2_71_72)

We first use this lemma to provide expressions for the price index in ¢ and the share of

1’s expenditure on goods from j.

Claim 7 The price index for i satisfies

— -1 -0 —0 ] o a(wikig)? .
where B = {(1—57) (1—(6%1) )—I—(E%l) }F(l—ET). Tij = W 1s the
share of i’s expenditure on goods from j.

Proof. The price aggregate of goods provided to i by j is [ _o pi(s)'~°ds. Using Lemma 6,
ij

this equals

/ses pils)ods = B(Qg;l) [Z)‘k (wkmik)‘)] 9 mij

ij



The price index for ¢ therefore satisfies

> / yi~eds = B (o, - 1) [Z A (WW—@]

and 7’s expenditure share on goods from j is

We next turn to the market clearing conditions.

Claim 8 Country j’s expenditure on labor is % > X

Proof. i’s consumption of good s is p;(s)~ EPI =. If j is the lowest-cost provider to 7, then

7’s expenditure on labor per unit delivered is w] ( 7 The total expenditure on labor in j to

produce goods for i is then [ _ —p;(s)~¢ ds Using Lemma 6, the total expenditure

ES’L] QJI(S)pZ Pl €

on labor in j is thus

WikKii e Xl _ _e
S e pts = St [ an ) o as
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= B <_§7 9) Zwy’impl <
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1
The result follows from B (—3.5) = 0B (0,55%) and l;q*’”g [Zk Ak (Wrkik) ™ 9} (Aj.) T =
1

B(0,55Y) . =m

C Source Distributions

This appendix derives expressions for the source distributions under various specifications.

We begin by describing learning from sellers.
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C.1 Learning from Sellers

Here we characterize the learning process when insights are drawn uniformly from sellers. If

producers are equally likely to learn from all active sellers, the source distribution is

Gi(q) = Zj f{SESij\qn(S)Sq} ds
Z] fSESij dS
i X oo 36 Ejfses..le(S)BedS .
The change in i’s stock of knowledge depends on fo ¢*dG;(q) = = }y —— Using
J SGS,L-j

Lemma 6, this is

/000 ¢"dGi(q) = % zj:ﬂij (%)B =I'(1-0) zj:wij (%)ﬁ (24)

] J
C.1.1 Alternative Weights of Sellers

Here we explore two alternative processes by which individuals can learn from sellers. In
the baseline, individuals are equally likely to learn from all active sellers, independently of
how much of the seller’s variety they consume. In the first alternative, insights are drawn
from sellers in proportion to the expenditure on the sellers good. In the second, insights
are drawn in proportion to consumption of each sellers’ goods. In each case, the speed of

learning is the same as our baseline (equation (24)) up to a constant.

Learning from Sellers in Proportion to Expenditure

Here we characterize the learning process when insights are drawn from sellers in proportion
to the expenditure on each seller’s good. Consider a variety that can be produced in j at
productivity ¢. Since the share of i’s expenditure on good s is (p;(s)/P;)' ", the source

distribution is
G- [ (1:(5)/P)"~* ds
i J{s€8ijla(s)<q}

The change in ¢’s stock of knowledge depends on

0

/°° ¢”dG;(q) = Z /es_ a1 ()" (pi(s)/ P~ ds

92



Using Lemma 6, this is

Learning from Sellers in Proportion to Consumption

i’s consumption of goods s is ¢;(s) = pi(s)~© P%fig. If producers learn in proportion to con-

7

sumption, then the source distribution is

—& Xl
Z ' f{SESZ]Iqﬂ(s)<q} pi(s) Fds

Gi(q) =
> f{sES 3 Pi(s)” pllfds

The change in i’s stock of knowledge depends on

ses. 1(8)pi(s)<ds
/ 7 dCi() = = fZqu pi (Sds
0 J JseS;; 1t

Using Lemma 6, this is

C.2 Learning from Producers

Here we briefly describe the learning process in which insights are equally likely to be drawn
from all active domestic producers. As discussed in the text, we consider only the case in
which trade costs satisfy the triangle inequality which implies that, all producers that export
ds
s€54il941<4q

also sell domestically. As a consequence, the source distribution is G;(q) = R The
s€S;;

change in i’s stock of knowledge depends on

%0 [icq @*%ds
/ ¢"dGi(q) = = ——
0 fSGSii dS
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Using Lemma 6, this is

B
[t r o ()

C.2.1 Alternative Weights of Producers

Here we characterize the learning process when insights are drawn from domestic producers

in proportion to labor used in production. For each s € Sl-j, the fraction of j’s labor used

to produce the good is %q?(js) ci(s) with ¢;(s) = pi(s)~® Summing over all destinations,
J 17

Pl g
the source distribution would then be

1 Ky X;
Gi(q) = / LR (s) e g
@ Z 5€8i5lq51(s)<q Lj qj(s) 5) Pz‘l

7

The change in j’s stock of knowledge depends on

Kijj e Xz
/ BedG Z/ ,30 J pi(s) P175d3
0

Lj qji(s) i

Using Lemma 6, this is

00 0 5,l
B0 (0) — Ky Xi gy 1€ AN
/0 q dG] (Q) - Lj PilfeB (ﬁ 07 9) [zk: )\k’ (wk/{zk) ] T (ﬂ-ij

Using the expressions for P; and 7;; from above, this becomes

D Research

This section endogenizes the arrival rate of ideas, broadly following Rivera-Batiz and Romer
(1991) and Eaton and Kortum (2001). Labor can engage in two types of activities, production
and research. The production sector is described by Section 2. In the research sector,
entrepreneurs generate ideas by hiring labor. The labor resource constraint in country ¢ at
t is thus

LY+ LE =Ly
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where LI is the labor used in production and L} is the labor used in research. We will show
that on a balanced growth path, the fraction of labor engaged in research is independent of
trade barriers.

We assume that there is a mass of managers and each manager is, in principle, capable of
producing all varieties s € [0, 1]. Each manager is characterized by a profile of productivities
q(s) with which she can produce the various goods. We assume that if an individual manager
employs [ units of labor in research, then ideas arrive independently for each variety at rate
al. Thus the arrival of goods is uniform across goods; research effort is not directed at
particular goods.??

Suppose also that the entrepreneurs behave as if there is a tax T; on profit. This may be
an actual tax, or it may stand in for other distortions (as in Parente and Prescott (1994)).
Let V; is the expected pretax value of a single idea generated in 7 at t. Each manager chooses
a research intensity | to maximize &al(1 — T;)V;; — w;l. For research to be interior, it must
be that

aViy = wy

We next compute the expected pretax value of an idea, Vj;. In the next subsection, we
prove the following intermediate step: if II;; is total flow of profit earned by entrepreneurs
in 7 at time 7, then the flow of profit earned in ¢ at time 7 from ideas generated between t
and t' (with ¢t <t < 7) is %H”. The basic idea is that, among ideas on the frontier at
time 7, knowing the time at which the idea was generated does not provide any additional
information about the quality of the idea.®

Taking the limit as  — ¢ implies that the flow of profit at 7 from ideas generated at the

;“ IT;;. As a consequence, the present value of revenue from ideas generated in i
1T

at instant ¢t is

instant t is

o0 Py M
e PT—t) " T g
Z PiT /\iT "
T_t)% is the real discount factor between ¢ and 7. The cumulative arrival of ideas

1T

where e
at t is &L, so that the total pretax value of the ideas generated at t is &L5V;;. We thus

have

e Py \;
aLBv, = / e—p“—t)P—tA—tHder
t T T

53We could just as easily have assumed that each manager is capable of producing a subset of the goods
with positive measure, and call this subset an industry. The part of the assumption that is crucial is that
the research effort is uniform across varieties.

54Both the arrival rate of ideas and the source distribution at time ¢ affect the probability that the idea is
on the frontier at 7 > ¢t and the unconditional distribution of the idea’s productivity, these have no impact
on the conditional distribution of productivity conditioning on being on the frontier. This is a useful and
well known property of extreme value distributions, see Eaton and Kortum (1999).
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The optimal choice of research intensity implies &(1 — 7;)Vi; = wy. In addition, as we
show in the claim below profit among all entrepreneurs is proportional to the wage bill in

production, II;, = w” ——~iz  Together these imply that the optimal research intensity satisfies

> -Pzt )\zt wZTL
wiLﬁ:(l_Ti)/ e—P(r—t) — 4 Rt g
it t PZT )\ZT 9

R
Letting r;; = i’: be the fraction of labor engaged in research, this can be rearranged as

dr

Tit =

1-T, /°° ot P Nip (1= i) wir Ly
0 t Py Nir wir Ly

Finally, using w;;/ Py o< (Ait/ mit)l/ 0, this can be written as

1-T1; [ Nit (Nir /i)’ Liy
e = e (1 = g,y e LA M)
0 t Air ()\it/ 7Tiit> Li
If labor grows at rate v so that L;; = L;e’" %, then there is balanced growth path with

Tig = Tiy Aig = eToF )\Z-, T = . Plugging these in gives

ri = 1-1; /OO e*P(Tft) (1 _ n) ﬁ ) (elﬂfﬁ(ﬂ——t)>1/€ e'y(‘rft)dT
t el

0 gt

Integrating and rearranging gives a simple characterization of the fraction of the labor force

engaged in research:
Ty 1-T;

L=ri gla-pe+s) -1

Equation 25 implies that on a balanced growth path, the fraction of labor engaged in research

(25)

is independent of both trade barriers and the cross-country distribution of knowledge. The
only thing that alters research effort are distortions on the payoff to innovation. This aligns
with results of Eaton and Kortum (2001), Atkeson and Burstein (2010), and the knowledge
specification of Rivera-Batiz and Romer (1991) with flows of only goods, all of which imply
that integration has little impact on R&D effort.

It is important to keep in mind that, in this context, integration still has an impact on
a country’s stock of knowledge. Even if a country’s R&D effort does not change, integration
could lead to larger increases in a country’s stock of knowledge if new ideas are based on

better insights."

55See also Rivera-Batiz and Romer (1991) and Baldwin and Robert-Nicoud (2008).
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Finally, we define

a
i = —Tit L
m
where r; is defined in equation (25) and depends on country-specific distortion to R&D
effort.

D.1 Research and Profit

In this section we prove the following claim:

Claim 9 If 11;, is total flow of profit earned by entrepreneurs in v at time 7, then the flow

of profit earned in i at time T from ideas generated between t and t' (with t <t < 1) is:

Aitr — it
>\i7'

Proof. For v; < vy, let V]” (v1,v9) be the probability that at time 7, the lowest cost
technique to provide a variety to j was discovered by a manager in ¢ between times t and ¢/,
that the marginal cost of that lowest-cost technique is no lower than v;, and that marginal
cost of the next-lowest-cost supplier is not lower than vy. Just as in Appendix B, we will

. =~ (¢t 1 1
define V]W (v1,v9) = limy, o0 V](Z-T } (m =My, m <1—ﬁ>9v2).

Let 11 1 e profit from all techniques drawn in ¢ between t and ¢'. Thus total profit in

(OOT]

v at 7is II; Defining p (v, v9) = min {Ug, vl}f we can compute each of these by

summing over profit form sales to each destiantion j:

Hz('itl] = Z/ / p(v1,02) — v1] p (vy,02) " P X V]f:](dvl,dvg)

T = Z/ / p(v1,v2) —v1] p (v1,02) " P X VWOOT] (dvy, dv)

P

We will show below that V]ZT (v1,v2) = ==

that

VJHOO 7] (v1,v9). It will follow immediately

Xty — A

H(t,t’] _ it H(foo,f}
iT )\iT iT

We now compute VW (v1,v2). For each of the m managers in 4, let M ( ) be the
probability that the no technique drawn between ¢ and t' delivers productivity better than
q. Similarly, define Fi(t’tl] (q) = Mi(t’tl] (¢)™ be the probability that none of the m managers
drew a technique with productivity better than ¢ between ¢ and ¢'. Finally, let Fi(t’t,] (q) =
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) (5
hmmﬁooF m1-féq). We have

4

22 [T B (2220)] ag o) (=t g (e
M () apg (e

V(t t'] (1, v5) = m—1
7 [l P07 () a7 ()™ oo ()

T

v v2

AT (Hit) At (i)

The expression for ij (v1,v9) contains two terms. The first represents the probability that
the best technique to serve j delivers marginal cost greater than v, and was drawn by a
manager in ¢ between ¢ and t'.  For each of the m managers in i, dMi(t’t/] (*£2) measures the
likelihood that the managers best draw between ¢ and ¢’ delivered marginal cost x € [vg, 0],
Moo (=222) Mi(tl’T] (“22) is the probability that the manager had no better draws, and

[Hk i F, ,5700’7] (%)] Mi(foo’ﬂ (%)m_l is the probability that no other manager from any
destination would be able to provide the good at marginal cost lower than z. The second
terms represents the probability that the best technique to serve j delivers marginal cost
between v; and vy and was drawn by a manager in i between t and ¢, and that no other
manager can deliver the variety with marginal cost lower than vs.

Using M " (q) M{"™ (q) M{"™" (q) = ™" (q), L7 (q) = M{™" (¢)™ and
o (q) = Mi(t’t/] (¢)™, this can be written as

7

dEt ](M)

V(tt fvozo |:Hk Fk(_OOJ] (wkaljjk):| ~(tt]< Zzﬂ)

’
]
jir (U1, 02) = o] {wrrik e ey ™ dﬁ.(t’tq(i“]i“ﬁ)
J 7 €T x
f [Hk ( ) >i| <F_(oo,-r](wmji)> t,t’](wmji
% v

Evaluating this at m 5

D=

11 . o .
v1 and m T-F9v, and taking a limit as m — oo gives

arF(tt] (i

S (_0077—] WEKRjk x
fv2 [Hka ( m] )i| F(tt]( 1:6],)
(8] (wirji
V2 (—o0,7] [ wiKjk dF; (T)
o [ (220) S

Finally, following the logic of Section 1, we have F(tt] (q) = e~ =2i)a™" g0 that

V(’?’t,] (”Ul’ 1)2> =

Jr

dF (M) Ny — Ay dFTT (M)

FT (i) I N Ty

? T ? x
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We thus have
Aivr — Aitv(foo,r}

VT (0, 09) = Vi

jir (U17 U2)

which completes the proof. m

E Quantitative Model

This appendix derives expressions for the price index, expenditure shares, and the law of
motion of the stock of knowledge for the extended model discussed in Section 4, incorporating

non-tradable goods, intermediate inputs, and equipped labor. The price index satisfies

l1—¢
[

n

> () hiy) Aj]

J=1

_1l—=¢

Pt o (L= p) () N T

and the share of i’s spending on non-tradable goods is

e—1

0
o (1= [@rel™) 5] °
7Ti = e—1 e—1
—m\ 0 [ _ —0 9
A=) [l ) N T [ ) A
(py.]’wl._n,‘ﬁij) 0}\]‘ .y .
Let Z;; = J _J denote the share of i’s tradable spending spent on tradable

Zk(pzw;i_nﬁik)_g/\k
goods from j. The fraction country i’s total expenditure on goods from country j # 7 is

m; = (1 = 7¥7)Z;;. The fraction of country i’s total expenditure spent on its own goods is
given by the sum of the non-tradable and tradable shares m; = 7rZN T+ (1 —-aN)Z;. The

evolution of i’s stock of knowledge when learning is from sellers is

: AP
Aioc (1 —M)AfﬂLMZZz’j (j)
J

The evolution of the stock of knowledge when learning is uniformly from domestic producers

is

B
B A
(L= )N + pZy (Z”)
(1= p) + pZi

The market clearing conditions are the same as in the baseline model once labor is reinter-

)\7;0(

preted as equipped labor.
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F Quantitative Exploration

This section presents three additional quantitative exercises: (i) We consider an alternative
calibration strategy for the arrival rate of ideas, using data on R&D intensity; (ii) we explore
the extension with targeted learning discussed in Section 2.3 for the case in which insights
are drawn from sellers; (iii) we present results for learning from producers, under the baseline
assumptions that insights are drawn uniformly from domestic producers or the alternative

in which insights are drawn in proportion to labor used.

F.1 Calibrating a with R&D Data

In our main results we calibrate the evolution of the arrival rate of ideas &; to match the
evolution of TFP given the dynamics of trade costs. In doing this, we took the strong stand
that all residual TFP differences are due to differences in the stocks of knowledge and trade
barriers. In this section we consider an alternative calibration using information on R&D
and human capital stocks to more directly measure the stock of knowledge.

In particular, for the initial period, we project log TFP onto R&D intensity, the log of
the human capital stock, the log of the own trade share, and the log of an imported-weighted
average of trading partners’ TFP. We assign the residual initial TFP from this regression
to a neutral productivity terms affecting the units of equipped labor and not the stock
of knowledge, and choose initial stock of knowledge to match predicted TFP from these
regressions. The initial arrival rate of ideas is chosen to exactly match the initial stock of
knowledge, taking as given the initial trade flows, and assuming that the world economy was
on a balanced growth path in 1962. The knowledge-driven TFP accounts for 31 percent of
the variation of log TFP (as measured by R-squared).

To calibrate the evolution of the arrival rate of ideas in the subsequent periods we proceed
in two steps. First, we project the initial calibrated value for the arrival rate of ideas on
initial R&D intensity and the human capital stock. We then use the resulting coefficients
and the data on the evolution of R&D intensity and the human capital stock to predict the
evolution of arrival rates of ideas. The evolution of stocks of knowledge then depends on
the evolution of the arrival rates of ideas and trade costs. As before, we assign the residual
evolution of TFP to a neutral productivity terms affecting the units of equipped labor and
not the stock of knowledge. We denote the part of TFP accounted by the evolution in the
stock of knowledge the knowledge-driven TFP growth.

Figure 13 reports the fraction of knowledge-driven TFP growth accounted by trade costs.
This figure is the counterpart of Figure 8. The message in the main body of the paper is

preserved, with trade explaining a bit less of the level and a bit more of the variance of
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Figure 13: The contribution of changes in trade costs to changes in knowledge-driven TFP.

Note: This figure reports the fraction of knowledge driven TFP growth accounted for
by trade costs, for various values of 8, according to two decompositions described in
Section 4.5. The left panel reports the fraction of total growth in TFP accounted for by
changes in trade costs. The right panel reports the fraction of variance in TFP growth
rates accounted for by changes in trade costs. See the note to Figure 8 for details.

knowledge-driven TFP growth.

F.2 Targeted Learning

World Growth Cross-Sectional Variance
0.5 0.5
= = avarying = = a varying, incl. cov.
) a constant « constant, incl. cov.
E 0.4 0.4 =[O~ « varying, excl. cov.
= =—8— o constant, excl. cov.
2
'a'g 0.3 0.3 77N
3 / \
rof /7
02 0.2 %
-~ p
c g = ‘—/\
o s g
3 -
g0l - 0.1
[ = =8
0 0
0 0.5 1 0 0.5 1
B B

Figure 14: The contribution of changes in trade costs to changes in TFP, Targeted Learning.

Note: This figure reports the fraction of TFP growth accounted for by trade costs, for
various values of 3, according to two decompositions described in Section 4.5. The left
panel reports the fraction of total growth in TFP accounted for by changes in trade costs.
The right panel reports the fraction of variance in TFP growth rates accounted for by
changes in trade costs. See the note to Figure 8 for details.

Figure 14 reports the fraction of TFP growth accounted for by trade costs for the exten-
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sion of the benchmark model with targeted learning discussed in Section 2.3. In particular,
we present results for the case with ¢ = 1.5. Notice that now we must restrict the values
of 5 < 1/¢. As the figure clearly illustrates, for each value of 5 the results are qualitatively

very similar to an environment without targeted learning and a higher value of .

F.3 Learning from Producers

In this section we present results when insights are drawn from producers. We present two
sets of results, under the respective assumptions that insights are drawn uniformly and in

proportions to labor used.
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Figure 15: The contribution of changes in trade costs to changes in TFP: Learning from
Producers, Uniformly.

Note: This figure reports the fraction of TFP growth accounted for by trade costs, for
various values of 3, according to two decompositions described in Section 4.5. The left
panel reports the fraction of total growth in TFP accounted for by changes in trade costs.
The right panel reports the fraction of variance in TFP growth rates accounted for by
changes in trade costs. See the note to Figure 8 for details.

Figure 15 reports the fraction of TFP growth explained by trade costs in the specification
where insights are drawn from domestic producers uniformly (see Section 2.2). In this version
of the model diffusion provides a simple amplification mechanism for the static gains from
trade. Changes in the composition of trading partners, which was an important correlate of
TFP gains in the reduced form evidence in Figure 5, and an important driver of TFP gains
in the benchmark model with learning from sellers is absent. Therefore, it is not surprising
that the ability of trade costs to account for TFP gains is significantly muted.

Figure 16 reports the fraction of TFP growth explained by trade costs in the specifi-
cation where insights are drawn from domestic producers in proportion to the labor used

(see Appendix C.2.1). This version of the model has some qualitative features similar to
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the benchmark model with learning from sellers, and some important differences when con-
sidering values of [ close to 1. In the limit as § — 1, a balanced growth path requires
an joint restriction on arrival rates and trade shares, o; = > ;i Since the the coun-
terfactuals (which do not impose BGP) violate this restriction, they produce extreme (but

uninteresting) results.
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Figure 16: The contribution of changes in trade costs to changes in TFP: Learning from
Producers, in proportion to labor used.

Note: This figure reports the fraction of TFP growth accounted for by trade costs, for
various values of 3, according to two decompositions described in Section 4.5. The left
panel reports the fraction of total growth in TFP accounted for by changes in trade costs.
The right panel reports the fraction of variance in TFP growth rates accounted for by
changes in trade costs. See the note to Figure 8 for details.

G The Role of Geography: Examples

This section describes two examples that illustrate the role of geography in shaping income.

G.1 A Core-Periphery Economy

The interaction between geography and the diffusion of knowledge can be easily seen with
the example of an economy that takes a core-periphery structure. Suppose there are n
core countries and n periphery countries. Trade between a core country and any other
country incurs an iceberg trade cost of k. Trade among any two periphery countries must
pass through the core, and thus incurs an iceberg cost of k2. All countries are otherwise
symmetric.

Figure 17 shows the real income of periphery countries relative to that of the core coun-

tries. Each curve corresponds a level of x, and shows the ratio of real incomes for various
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Figure 17: A Core-Periphery Economy

Note: For various values of iceberg trade costs, this figure plots the ratio of real income
in periphery countries to real income in core countries.

values of . Note that for each level of trade barriers, the relative income of periphery coun-
tries as (8 approaches one is the the same as it would be in a static trade model. Consistent
with the earlier discussion, the income gap is wider when [ takes an intermediate value.
The income of core and periphery countries are similar when trade costs are either very
low (k & 1) or very high (k * 00); in either case, core countries effectively have no advantage.

Thus if trade costs fall steadily, income differences will initially grow and eventually shrink.

G.2 Niger in Belgium or Switzerland

To further illustrate the role of geography in determining productivity differences and the
(potential) dynamics of the model, we consider two counterfactual experiments where we
assign to Niger, one of the poorest countries in our sample, the trade costs faced by Belgium
and Switzerland, two rich countries with populations of comparable sizes.”® This exercise is
presented in Figure 18.

The left panel plots the evolution of TFP, normalized by the TFP of the US. On impact
the TFP jumps due to the static gains from trade, reflecting increased specialization and
comparative advantage. Given that Niger is a very isolated economy, compared to the more
integrated developed countries, the static gains increase Niger’s income by 5 to 10 percentage
points. Over time, as firms in Niger interact and get insights from more productive foreign
firms, TFP continues to grow. The second phase is more gradual, as it is mediated by the

random arrival of insights. The dynamic gains are large, more than doubling the static gains.

56While Niger’s population is comparable to that of Belgium and Switzerland, 4% vs. 4% and 3% the US
population, respectively, its endowment of equipped labor is an order of magnitude lower.
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Figure 18: Transitional Dynamics after Assigning Belgium and Switzerland’s Trade Costs
to Niger.

Overall, the theory predicts that over a century the productivity of Niger would increase from
15 percent of that of the US to between 30 and 45 percent.

The right panel shows the evolution of Niger’s import share in the counterfactual exper-
iments. The sharp increases in import share illustrates the large differences in trade costs

characterizing poor economies.
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Table 1: TFP Growth by Country, 1962-2000. Data vs. Models with g = 0.7.

Data Static Effect Static+Dynamic Effect
In TFP;(\t,kt) n TFP;(Xo,kt) n TFP;( A o,kt),kt) In TFP;(Aa,kt),kt)
TFP;(Mo,ko0) TFP;(Mo,k0) TFP;(Mao,k0),k0) TFP;(Mat,k0),k0)
Thailand 0.889 0.116 0.218 0.253
China 0.854 0.049 0.352 0.573
Ireland 0.559 0.146 0.181 0.255
Taiwan 0.554 0.094 0.203 0.277
Japan 0.548 0.000 0.014 0.053
Korea, Republic of 0.534 0.048 0.188 0.300
Israel 0.402 0.016 0.052 0.081
Greece 0.395 0.025 0.083 0.032
Sri Lanka 0.378 0.022 0.065 0.064
Egypt 0.346 0.003 0.137 0.160
Finland 0.326 0.036 0.134 0.152
Pakistan 0.295 -0.009 0.038 0.062
Belgium-+Lux 0.273 0.157 0.190 0.149
Malaysia 0.272 0.201 0.253 0.231
Tunisia 0.246 0.046 0.134 0.106
Indonesia 0.243 0.023 0.154 0.205
Norway 0.225 -0.002 0.006 0.057
Italy 0.200 0.024 0.050 0.044
United Kingdom 0.161 0.024 0.046 0.020
Mozambique 0.155 0.046 0.167 0.125
Brazil 0.144 0.003 0.031 0.029
Turkey 0.138 0.023 0.077 0.039
Denmark 0.111 0.004 -0.001 -0.002
Australia 0.108 0.017 0.085 0.079
Portugal 0.106 0.051 0.111 0.068
Cote d‘Ivoire 0.106 -0.011 0.028 0.029
Austria 0.106 0.043 0.141 0.125
India 0.101 -0.009 0.059 0.087
United States 0.083 0.023 0.066 0.052
Netherlands 0.073 0.027 0.038 0.061
Sweden 0.063 0.029 0.044 0.051
France 0.054 0.037 0.078 0.058
Mali 0.050 -0.033 -0.045 -0.010
Spain 0.049 0.040 0.079 0.052
Cameroon 0.021 -0.008 0.013 0.025
Ecuador -0.004 0.018 0.049 0.037
Paraguay -0.007 0.037 0.060 0.060
New Zealand -0.041 0.028 0.123 0.085
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Table 2: TFP Growth by Country, 1962-2000. Data vs. Models with 5 = 0.7

(cont’d).
Data Static Effect Static+Dynamic Effect
g ZEPQwme) 1 TEP Qo) 1 TEPMaosso)me) 1) TEPi(A@me) )
TFP,(Xo,k0) TFP,(Xo,k0) TFP,(X\a0,k0),50) TFP;(Mat,k0),50)
Germany -0.079 0.031 0.054 0.042
Syria -0.094 -0.005 0.035 0.043
Mexico -0.097 0.061 0.098 0.073
Zambia -0.101 -0.093 -0.121 -0.164
Canada -0.106 0.055 0.089 0.087
Morocco -0.108 0.024 0.082 0.030
Chile -0.110 0.031 0.082 0.092
Tanzania -0.128 -0.002 0.176 0.072
Guatemala -0.129 0.005 0.075 0.054
Argentina -0.131 0.001 0.026 0.021
Colombia -0.151 0.006 0.030 0.018
Switzerland -0.170 0.010 0.004 0.016
Philippines -0.180 0.061 0.118 0.099
South Africa -0.194 0.004 0.049 0.025
Uruguay -0.196 0.017 0.059 0.048
Costa Rica -0.219 -0.006 0.044 0.048
Dominican Republic -0.229 -0.003 0.053 0.020
Jamaica -0.245 -0.013 -0.013 -0.045
Peru -0.265 -0.030 -0.061 -0.047
Kenya -0.271 -0.018 0.041 -0.004
Honduras -0.278 0.000 0.102 0.073
Bolivia -0.288 -0.005 -0.007 0.006
Senegal -0.293 0.003 0.032 -0.027
Uganda -0.329 -0.005 0.283 0.044
Niger -0.371 0.009 0.085 0.016
Jordan -0.392 -0.017 0.053 0.025
Ghana -0.419 0.004 0.005 0.005

67



	Idea Diffusion with a General Source Distribution
	International Trade
	Learning from Sellers
	Learning from Producers
	Other Specifications of Learning

	Gains from Trade
	Gains from Trade in a Symmetric Economy
	Asymmetric Economies
	Trade Liberalization

	Quantitative Exploration
	Extended Trade Model
	Calibration
	Sample Selection
	Reduced Form Evidence
	Explaining the Dynamics of TFP
	Growth Miracles
	Explaining the Initial Distribution of TFP

	Conclusion
	Technology Diffusion
	Trade
	Equilibrium

	Source Distributions
	Learning from Sellers
	Alternative Weights of Sellers

	Learning from Producers
	Alternative Weights of Producers


	Research
	Research and Profit

	Quantitative Model
	Quantitative Exploration
	Calibrating  with R&D Data
	Targeted Learning
	Learning from Producers

	The Role of Geography: Examples
	A Core-Periphery Economy
	Niger in Belgium or Switzerland


