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Abstract

We provide new empirical evidence of a relationship between international R&D
spillovers through trade and asset prices. We find that country pairs that share more
R&D have more correlated stock market returns and less volatile exchange rates.
We develop an endogenous growth model of innovation and international technology
diffusion that rationalizes our empirical findings. A calibrated version of the model
matches several important asset pricing and quantity moments, thus alleviating some

of the classical quantity-price puzzles of the international macroeconomic literature.
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1 Introduction

Technological innovation is a fundamental source of sustained economic growth (Romer
(1990)). Asset prices reflect changes in the future growth prospects of the economy, and
hence capture variations in technological innovation (Kung and Schmid (2011)). In an
international setting, technology may diffuse across countries through trade in the products
that embody such technology. Hence a country’s growth rate depends not only on its own
innovation, but also on the innovative efforts of its trading partners (Coe and Helpman
(1995) and Keller (1998)). Accordingly, the dynamics of technological innovation both
within and across countries may inform us about the comovements of international asset
returns.

In this paper, we investigate the link between trade in varieties — our measure of
how technological innovation diffuses across countries — and comovements in asset prices.
Our first contribution is empirical. Using highly disaggregated bilateral trade data, we
document the following empirical regularities. First, country pairs that share more R&D
by trading a higher number of varieties with each other have more correlated stock market
returns. Second, country pairs that share more R&D have less volatile exchange rates.
These patterns are robust to controlling for alternative measures of R&D and trade across
each country-pair, suggesting that international R&D spillovers play a distinct role in
capturing the relation between the international diffusion of technological innovation and
asset prices.!

Our next contribution is theoretical. We build a two-country endogenous growth model
of innovation and international technology diffusion through trade in varieties that ratio-
nalizes our empirical findings. Growth in each country is driven by the accumulation of
technology through endogenous innovation. Our assumption is that the technology em-
bodied in intermediate goods spreads across countries through international trade. As a
result, the productivity level of a country depends not only on its own innovation, but

also on foreign innovations that are embodied in imported intermediate products. Prefer-

IThe international trade literature has argued in favor of trade in varieties as a channel through which
R&D diffuses across countries (Broda, Greenfield, and Weinstein (2006), Bgler, Moxnes, and Ulltveit-
Moe (2012), and Santacreu (2015)). Other channels include the effect of multinationals in spreading the
benefits of R&D across countries (Guadalupe, Kuzmina, and Thomas (2010), Ramondo (2009)) and the
effect of knowledge spillovers through international networks (Cai and Li (2012)). The analysis of these
additional channels is beyond the scope of the paper.



ences are recursive, so that consumers care for the timing of resolution of uncertainty and
fear variation in long-run future growth prospects of the economy. International financial
markets are complete. Endogenous innovation, together with recursive preferences, makes
the equilibrium growth path risky, through its effect on the present discounted value of
future profits of all the firms in the economy.

Our endogenous growth mechanism works as follows. R&D drives a small and per-
sistent component in equilibrium growth rates. International diffusion through trade in
varieties makes this component common across countries. The intuition is that a tech-
nology shock in the domestic country affects not only the incentive to innovate in that
country, but also the incentives to innovate abroad and in turn impacts the prospects of
global growth. Therefore, a short-run technology shock in the domestic country has a
long-run effect on the dynamics of future growth rates both in the domestic and in the
foreign economy.

With recursive preferences, variations in the future prospects of the economy have a
significant impact on asset prices: agents require a large risk premium for holding assets
that are exposed to such variations. As technological innovation diffuses across countries
through trade in varieties, it generates a sizeable common component in asset returns that
drives up the correlation in stock market returns and reduces the volatility of exchange
rates. Notably, our model can replicate these international asset pricing facts together with
a sensible calibration of macroeconomics quantities. In particular, consistently with the
data, realized output growth and realized consumption growth are only mildly correlated
across countries because they are mostly driven by exogenous technology shocks with low
cross-country correlation.

We calibrate the model to match our empirical findings. Consistently with our predic-
tions, we find that asset prices are largely driven by the long-run future prospects of the
economy, while international quantities are mostly driven by current technological levels.
With endogenous growth, stock market returns are highly correlated across countries, and
more so for stronger international R&D spillovers. We further investigate our mechanism
and decompose the stock market return into two components. The first component, which
we label return on tangible capital, captures the return on installed physical capital and
is the standard measure of stock market return in a real business cycle model with trade

in intermediate goods. The second component is the return on intangible capital and



captures the effects of endogenous innovation and international diffusion of technologies.
We find that the return on tangible capital is only mildly correlated across countries, so
that the large cross-country correlation that we observe in the overall stock market returns
is largely driven by the intangible component. Furthermore, in our model, the exchange
rate is as volatile as in the data and its volatility increase for weaker international R&D
spillovers.

Our model provides a novel set of testable implications. In particular, it predicts
that both domestic innovation and foreign innovations embodied in imported intermediate
goods have a predictive power on future domestic productivity growth. We test this
theoretical restriction and provide empirical evidence in favour of our mechanism.

Our paper is related to several strands of the literature. First, the macroeconomic
mechanism is related to the literature on endogenous growth through innovation. In
our model, technological progress increases with the number of intermediate goods that
embody technology. Kung and Schmid (2011) extend Romer (1990) to include recursive
preferences and reproduce asset prices dynamics that are consistent with the empirical
literature. We develop our model along these lines, and extend it to an international
setting to capture our novel empirical findings on the relation between trade, R&D, and
asset prices.?

The second strand of literature is the one on technology adoption and innovation
through international trade in varieties, as in Broda, Greenfield, and Weinstein (2006)
and Santacreu (2015). Using highly disaggregated trade data, these papers find that
adoption of foreign innovations through trade in varieties has an effect on the growth
rate of a country. However, they do not discuss the asset pricing implications of their
mechanism, which is one of the main contributions of our work.

Finally, the paper is related to the literature on asset pricing with long-run risk, starting
from the seminal one-country model of Bansal and Yaron (2004), and later applied to the
international setting by Bansal and Shaliastovich (2009), Colacito and Croce (2011), and
Colacito and Croce (2013). While these papers specify global long-run risk exogenously,

our model shows how such risk — highly persistent within countries and highly correlated

2 A number of recent papers have examined the link between technological growth and prices. Examples
include (Pastor and Veronesi (2009), Garleanu, Panageas, and Yu (2012), and Garleanu, Kogan, and
Panageas (2012)). In these papers, technology growth is assumed to be exogenous. In contrast, and
consistently with our empirical findings, we focus on the relation between international asset prices and
endogenous growth through R&D.



across countries — arises endogenously through innovation and international diffusion
of R&D. Methodologically, our paper is related to Croce, Nguyen, and Schmid (2013)
who examine the role of fiscal policy in an international endogenous growth model with
recursive preferences. Unlike them, we focus on the empirical link between trade, R&D,
and asset prices in the context of an endogenous growth model with recursive preferences.

The rest of the paper is organized as follows. Section 2 shows our main empirical
findings and Section 3 describes our baseline model. Section 4 provides a description of
the main mechanism at work, while Section 5 presents the calibration and quantitative
results. In Section 6 we investigate the predictions of the model. Finally, Section 7

concludes.

2 Innovation, Trade, and Asset Prices: Empirical Ev-

idence

One stark feature of international macroeconomics data is the low cross-country correlation
of consumption growth relative to the correlation of stock market returns. The first two
rows of Table 1 show that the average cross-country correlation of consumption growth is
0.23 whereas the cross-country correlation of stock market returns is three times higher,
around 0.71.3 We also find that the average volatility of the exchange rate depreciation for
our sample of countries and time period of analysis is around 9.6%. Standard international
macroeconomic models have had a hard time reconciling these empirical asset pricing and
quantity moments.

We argue that international spillovers of R&D through trade in varieties are a signifi-
cant driver of the dynamics of international asset prices. To the extent that the technology
created by investing in R&D is embodied in a particular good, movements of goods across
borders help diffuse those technologies (Coe and Helpman (1995), Keller (1998)).

In this Section, we investigate the empirical relevance of the mechanism that we pro-
pose. We collect data on asset prices, international trade, and R&D, and we proceed in
two steps. First, we look at the correlation of broad measures of asset pricing moments

with international trade and R&D. Then, we follow Liao and Santacreu (2015) and per-

3The average is taken over a sample of 20 countries and the period 1993-2009. Details on the specific
data are left in Appendix A.



Table 1: Summary Statistics

Variable Moment Value
Corr. Consumption Growth 0.23
Corr. Stock Market Returns Growth  0.71
Volat. exchange rate 9.60

form a regression analysis to investigate the main driving forces behind this relationship.
The main sources for our data are: i) the UN COMTRADE database for international
trade; ii) the World Development Indicators Database of the World Bank for R&D; iii)
Ken French’s data and Global Financial Data for asset prices.* Our main dataset covers
the 1993-2009 period for a sample of 20 countries. The choice of countries and time pe-
riod has been determined based on the availability of asset pricing, trade and R&D data.
Details on the sources and the construction of the measures we use in our analysis can be

found in Appendix A.°

2.1 Correlation between Asset Pricing Moments, R&D, and In-

ternational trade

Here, we analyze the correlation of broad measures of asset prices with measures on inter-
national trade and R&D. The goal is to explore whether the mechanism that we propose
(i.e., R&D embodied in trade in varieties) has something to say about asset prices. We con-
sider two statistics for asset prices: the cross-country correlation in stock market returns
and the volatility of the currency depreciation rate. We start with monthly observations
and construct twelve-month non-overlapping measures of cross-country correlation and
volatility. Specifically, at the end of each year, we look at the previous twelve monthly
observations and calculate their cross correlation - for stock market returns - and volatility
- for the currency depreciation rate. We then take the time series average of these annual

correlation and volatility measures, so that we are left with two statistics per each (i,j)

4Ken French’s website: http : //mba.tuck.dartmouth.edu/pages/ faculty/ken. french/datayibrary.html.

5The sample of countries includes Australia, Austria, Belgium, Canada, Denmark, Finland, France,
Germany, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Singapore, Spain, Sweden, Switzer-
land, United Kingdom, and United States.
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Figure 1: R&D intensity and asset prices

ordered country pair: the average cross-country correlation in stock market returns, and
the average volatility of the currency depreciation rate.®

We then use data on R&D and international trade to construct several measures that
capture our proposed mechanism. First we construct a measure of innovation between each
country pair in our sample. We use R&D intensity, computed as R&D expenditures over
GDP and then compare this measure with those for asset prices to determine whether there
is any relation between them.” Figure 1 shows that country pairs that do more R&D have
more correlated stock market returns and less volatile exchange rate fluctuations. While
a clear pattern emerges, Figure 1 does not provide any insight on how R&D spreads
across countries. Next, we show whether there is any relationship between the strength of
international trade and our measures of asset prices. In particular, we construct a measure
of overall bilateral trade as the value of trade between each pair of countries in our sample.
We then decompose this measure into the so-called extensive and intensive margins of
trade, that is, the number of products that are traded between each pair of countries and
how much of each product is traded, respectively. These measures are constructed so that
overall trade is equal to the product of the extensive and the intensive margins of trade. To
facilitate comparison, we normalize trade by GDP, and then compare these measures with

those for asset prices to determine whether there is any correlation between them. Figures

6We also consider 60-month overlapping measures, with a 12-month overlap. The results are virtually
unchanged.

"As a robustness check, we also use a measure of R&D intensity computed as R&D expenditures over
the stock of R&D. We use the perpetual inventory method to compute the stock of R&D and assume a
depreciation rate of 15% a year, as it is standard in the literature (e.g.,Coe and Helpman (1995), Nishioka
and Ripoll (2012)). The results are very similar.



2 and 3 report the results. We find that countries that trade more with each other have
more correlated stock market returns and less volatile exchange rate movements. To the
extent that R&D is embodied in the products that are traded internationally, these results

suggest that international R&D spillovers through trade may be an important channel to

understand moments of asset pricing.
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Figure 2: International trade and the correlation of stock market returns

So far, we have shown that both R&D and international trade are related to asset
pricing moments. Ideally, we would like to have direct measures of how much R&D
is embedded in international trade. Unfortunately, this data does not exist at a very
disaggregated level. Our strategy, then, is to construct an indirect measure that weights
the bilateral trade of each country-pair by the R&D of the exporter. This measure puts
more weight on imported intermediate products from more innovative exporters.® Figures
4 and 5 show that pairs of countries with higher R&D content of international trade have

more correlated stock market returns and less volatile exchange rates.

8The details on how we construct this variable are in Appendix A.
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Figure 3: International trade and the volatility of exchange rates

Taken together, the graphs suggest that R&D and international trade are relevant to

understand the joint dynamics of asset prices.

2.2 Regression Analysis

We now address the economic and statistical significance of the results presented in the
previous section through a formal regression analysis. In particular, we regress the asset
pricing moments of interest — the correlation in stock market returns and the volatility
of exchange rate depreciation — on our measures of R&D, international trade, and R&D
embodied in trade.

In Table 2, we regress our asset pricing moments on the margins of international
trade for each country pair. We find that both coefficients are statistically significant.
However, the extensive margin accounts for most of the change in asset pricing moments.
In particular, Table 1 shows that, holding the intensive margin constant, a 1% increase in

the extensive margin increases the correlation of asset returns by 0.094% (first column)
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Figure 4: R&D embodied trade and the correlation of stock market returns
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Figure 5: R&D embodied trade and the volatility of exchange rates

and it decreases the volatility of the depreciation rate by 3.53% (second column); instead,
if we hold the extensive margin constant, a 1% increase in the intensive margin increases
the correlation of stock market returns by 0.032% and it decreases the volatility of the
exchange rate depreciation by 1.384%. The effect of the intensive margin is weaker than
that of the extensive margin of trade. These findings are consistent with the mechanism
that we propose. Indeed, if trade in varieties is the channel through which R&D spreads
across countries, variations in the extensive margin of trade (i.e. the number of varieties)
rather than the intensive margin of trade should account for most of the effect of asset
pricing moments.

In Table 3, we perform the regression analysis using our indirect measure of R&D
embodied in trade. We find that higher R&D content of trade is associated with a larger

cross-country correlation in stock market returns and a lower volatility of the exchange

10



Table 2: International trade and asset prices

(1) (2)

Stock Market Correlations Exchange Rate Volatility

log(EM);; 0.094*** -3.523***
(0.006) (0.160)
log(IM);; 0.032% -1.384
(0.003) (0.085)
Constant 0.422*** 13.443***
(0.068) (1.818)
Observations 6460 6460
R? 0.075 0.149

Standard errors in parentheses
*p <0.05, " p<0.01, *** p < 0.001

rate depreciation. Importantly, when we consider the effect of the R&D content of the
extensive and intensive margins of trade, respectively, on the volatility of the exchange
rate depreciation, only the former remains statistically significant, providing additional
support to the main mechanism of our model: international spillovers of R&D though

trade in varieties have a significant impact on international asset prices.

Table 3: R&D embodied in trade and asset prices

(1) (2)

Stock Market Correlations Exchange Rate Volatility

log(EM#P) 0.031%* -1.810*
(0.007) (0.183)
log (1 MJP) 0.016*** -0.192
(0.004) (0.122)
Constant 0.747** 3.081**
(0.013) (0.343)
Observations 6422 6422
R? 0.029 0.059

Standard errors in parentheses
* p <0.05, ** p<0.01, *** p < 0.001

Finally, in Table 4, we provide additional empirical evidence that R&D matters for
international asset prices. In particular, we find that country-pairs that do more R&D

have more correlated stock market returns and less volatile exchange rates.

11



Table 4: R&D intensity and asset prices

(1) (2)

Stock Market Correlations Exchange Rate Volatility

log(£52:) + log (&) 0.054* -1.183*
(0.004) (0.122)
Constant 0.577* 9.900"**
(0.003) (0.095)
Observations 6384 6384
R? 0.024 0.014

Standard errors in parentheses
* p < 0.05,** p<0.01, ** p<0.001

In Appendix D we show that these results are robust to adding time fixed effects and

time and country fixed effects.

3 Model

In this Section, we present a model of innovation and international diffusion of R&D
through trade in varieties that captures our empirical findings. Each country has a repre-
sentative household with recursive preferences and consume a final good. A final producer
uses labor, capital and a composite of intermediate goods that we call materials to produce
a non-tradable final good that is used for consumption, investment in capital and invest-
ment in R&D. Materials are produced with traded intermediate goods (varieties), both
domestic and foreign, which are produced by monopolistic competitive firms. The produc-
tion of materials features a love-for-variety effect so that, holding expenditure constant,
a higher number of varieties increases the productivity of the country. New varieties are
introduced in each country through an endogenous process of innovation, and then spread
exogenously across countries through a slow process of adoption. Endogenous innovation
and adoption together with recursive preferences are the new features at the core of our
mechanism. The model is closed with an international risk sharing condition.

Below we describe the domestic economy d. The foreign economy f is defined analo-

gously.

12



3.1 Households

The domestic representative household has Epstein and Zin (1989) recursive preferences

over consumption:

Uae = {1 908 +5 (B (U82)) 1)

where 7 is the CRRA, 0 = 11:1 and ¢ = 15 is the intertemporal elasticity of substitution.
P

We assume that 1) > %, so that the representative agent has a preference for early resolution

of uncertainty and fears variations in the long-run prospects of the economy. The stochastic

discount factor is given by

1—~—0

C o1 U
Mgy =53 (d’“) CaSS. , (2)
Cd,t Et (U(};;/l) 1—v

where the last term captures the agent’s concerns over uncertainty in future growth. The
household consumes, supplies labor to the final producers, and makes investment /saving
decisions participating in complete international financial markets. Accordingly, her bud-

get constraint is
Car + By [Md,tJrl-Ad,tJrl = WaiLay + Aay

where Wy, is the wage rate, Ly, denotes hours worked, and A, is the state contingent
value of the household’s financial wealth. Since there is no disutility of labor, the household

supplies her entire endowment, which is normalized to one.

3.2 Final Good Producers

Domestic final producers are perfectly competitive, and use capital, Ky, labor, Lg;, and

a composite of domestic and foreign intermediate goods, G4, to produce a non-traded

13



final good Y, according to the following Cobb-Douglas production function:
o —« (1_§)
Yar = (Kd,t (L) )) Gy - (3)

The composite good Gy, is defined as

Ngt N}it v
Gd,t = Z(X:ll,i,t)y + Z(ch‘l,i,t)y ) (4>
i=1 i=1

where X fil’w is the amount of domestically produced intermediate good 7 that is used for
final production in the domestic economy, X}lﬂ-’t is the amount of foreign-produced inter-
mediate good 4 that is used for final production in the domestic economy, Ng, (N7,) is the
mass of domestic (foreign) intermediate goods that is used by domestic final producers,
and ﬁ is the elasticity of substitution across intermediate goods with v < 1. The param-
eter a governs the physical capital share, and ( is the share of materials on final production
(which we will refer later as intangible capital). Throughout the paper, the subscript of a
variable refers to the origin country and the superscript refers to the destination country.
Note that intermediate goods are aggregated according to a CES production function a
la Ethier (1979) which implies that, holding expenditures constant, a higher number of
varieties increases the productivity of the final producers. In this set-up, the larger is the
elasticity of substitution between intermediate varieties the higher is the effect of varieties
on productivity.

The exogenous process {14 is the source of exogenous uncertainty in our model. We

assume that ,; = e, where a4, follows the following AR(1) process:

aqr = ¢ aqi—1 + €4t

with €4 ~ N(0,0?). We allow for cross-country correlation in the exogenous technology
shocks and denote p = corr(eqy, €s4).”

Final producers choose capital, labor, investment, and intermediate goods to maximize

9When we solve the model, we augment the AR(1) process for exogenous technology with an error
correction term in the spirit of Colacito and Croce (2013). This error correction term ensures stability of
our solution method and has virtually no impact on our results.

14



shareholder value subject to the production technology (3). Formally,

max Z Md,th,t] ) (5)

Ey
{ae, Lag, Kagr1, XG, 10 X§, Yes0,iea,je0x t=0

where firm’s dividends are given by

Ngt NJ(‘it
d d d d
Dgy =Ygy — Loy —WayLay — Y P XG0, — > Pii Xi., - (6)
=1 =1

Here, Mg, is the stochastic discount factor, Wy, is the wage rate, I, is investment in
physical capital, ij is the price of a domestically produced intermediate good, and Pﬁm
is the price of a foreign produced intermediate good that is used for domestic production.
Both prices are expressed in units of the domestic producer’s final good.

The law of motion for physical capital is given by

I
Ko =(1—-0)Kae + A (Kii’t ) Kg; (7)
it

where ¢ € (0,1) is the depreciation rate and A ( [I(‘Zi) captures convex capital adjustment

costs. 10

3.3 Intermediate Good Producers

In each country, a set of monopolistic competitive firms produces a differentiated good
using final output according to a CRS production function (one unit of final output is used
to produce one unit of the intermediate good). All intermediate producers produce with
the same efficiency. Intermediate producers produce both for the domestic and foreign
market. To sell the good abroad, they face an iceberg transport cost 7.

Every period, each domestic intermediate producer ¢ solves the following static profit

maximization problem:

¢
08pecifically, Ag; = A (II(ZZ) = % (llgld’f) + aw, as in Jermann (1998). The parameters a; and oo

are chosen so that there are no adjustments costs in the steady state, and %g is the elasticity of the
investment rate with respect to Tobin’s Q.

15



_ d f
max Ilg;, = max (Wd,i,t‘i‘ﬂd,i,t)

Pdd,i,t’Pdf;,t Pg,i,t’Pi:,t
= rlgldax Pclli,i,t chll,i,t<Pj,i,t) - chll,i,t (Pg,i,t)
d,i,t
+ mfa*x (Pdf,i,tQt) Xg,i,t(Pc{,i,tQt) - Xéc,i,t(Pdf,i,tQt) ) (8)
Pd it N—— N—— ——
B Pl Pl Pl

d,i,t d,i,t dyit

where 7§, (w({i’t) are the profits from selling the domestic product at home (abroad),
PC{ ;t = Pji ;¢ 1s the price, in domestic good units, of a domestically produced intermedi-
ate good that is being exported, and @), is the real exchange rate, defined as the number

of domestic final goods per one unit of foreign final good.!

3.4 Innovation and Adoption
3.4.1 Innovation

In each country innovators invest resources (final output) to introduce new prototypes of a
product. If an innovator is successful, it starts producing the new good as an intermediate
producer. Each domestic innovator ¢ chooses Sz, units of final output to maximize the
present discounted value of future profits that it expects to obtain from selling the good
to both domestic and foreign producers.

The law of motion of new prototypes is

Ng,t+1 = ﬁd,tSd,t + (1 - (b)Ng,t ) (9)

where Nit is the mass of new technologies that arrive to country d at time ¢, ¢ is the
exogenous probability that a new variety becomes obsolete and 94, is the productivity of

innovation. We assume it takes the following functional form:

XNg,t

Sax"(Ng)"

Vaz

HWe express real prices of the intermediate goods in units of the importers’ final good. In particular,
when the domestic (foreign) intermediate good is used for the production of the foreign (domestic) final

output, we have Pgt = %TQfl and P}i,t =, 7Qs
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d
as in Comin and Gertler (2006). The process Sq; = Ziii{ Sa,i+ describes the total R&D
expenditure in the domestic country (in terms of the domestic final good). In this spec-
ification, ¥4, is an externality and it is taken as given when the innovators choose their

optimal investment into R&D.

3.4.2 International Adoption

We assume that international adoption is exogenous and that, in every period, only a
fraction 19(’; of foreign intermediate goods from country d can be used by the domestic final
producer in country f. This parameters governs the speed of adoption and is crucial in
our mechanism. The law of motion of domestic intermediate goods that can be used by

the foreign final producer evolves according to
N =01 = )N, = Nf) + (1= N, (11)

where N C{ ; is the number of domestic goods imported by the foreign economy. Therefore
(Nit — Néc’ ;) is the mass of domestic varieties that has not been yet adopted by the foreign

country.

3.4.3 Value Functions

We assume that every innovation that is produced in a country can immediately be used
by the final producer of that country. However, a new intermediate product can be sold
abroad only with probability 9/, so that N./N% < 1 is the fraction of domestically
produced intermediate goods that are used by the final producers in the foreign country.

The value of a domestic innovation, V;+ is given by the present discounted value of the
profits that innovator 7 expects to obtain from selling the good domestically and abroad.
Let the value of the domestic innovations that are immediately sold to the domestic (for-
eign) final producers be V., (V;lf i.+), and the value of the innovations that can potentially

being adopted by country f be Ja{w. We have

Vd,i,t = ‘/;lc,li,t + ‘]a]lc,i,t ) (12)

with
Vvd(%i,t = ﬂ—g,i,t +(1— ¢)Et[Md,t+1Vd(fi,t+1] ; (13)
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‘/;l{i,t = ngc,z,t + (1 - ¢)Et[Md,t+1Vd{i,t+1] ; (14)

and

Jiie= (1= 0)E [Md,t-&-l (19§7T§,i,t+1 +(1- 0§)Jc{i,t+1)} : (15)

so that, with probability 195, the firm can sell the product abroad at ¢t + 1 and with
probability (1 — 9%) the product remains unadopted.

Discounted future profits on patents are the payoff to innovators. Since the R&D sector
is competitive, the free entry condition for R&D investment in the symmetric equilibrium

in which all firms are identical is

Sar = Er [Mag41Vazra) (N — (1= 9)NG,) (16)
or, equivalently,
1
197 = Et [Md,t+1vd,t+1] . (17)
dit

)

3.5 Resource Constraint

Final output is used for consumption, intermediate goods production and investment in

R&D. Thus the resource constraint is

Yor =Car+1g¢ + Sar + NitXit + NitXchc,t .

3.6 Equilibrium and steady-state

We define a symmetric equilibrium as a set of equations according to which all firms within
a country behave symmetrically.

For each country i = (d, f), a general symmetric equilibrium is defined as an exogenous
stochastic sequence of technology shocks {€;;}7%, an initial vector {Ng, NC{O, N]{O, N{,,
Kao, Ko}, a set of parameters {3,6,v,¢,a,&, ¢,0,p,0,0,v,x,0,n,T, ﬁﬁ}, a sequence of
aggregate prices {Wi, Viz, Qr, qit 320, value functions {Vi, J1,, Jf, Vi, V322, a sequence
of intermediate good prices {Pjt, Pj’ " P]{i ” P;{t}fio, a sequence of aggregate quantities

{Yit,Git, Cig, Lig, Lig, Sii }220, quantities of intermediate goods {ij,t, Xg;t, X}it, Xj‘f’t}fio, a
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sequence of profits {I1;¢, ¢, Wit, Wg’t, W}t’t, W?7t},?io, and laws of motion {Ng{t“, Nitﬂ, N/{Hl,

N}j,tJrla K;111}52, so that
e The state variables satisfy the law of motion;

e The endogenous variables solve the producers’, innovators’, and households prob-

lems;
e The resource constraint is satisfied;
e Prices are such that all markets clear.

The equilibrium conditions are reported in Appendix B.

3.7 Asset Prices

We assume that stocks are claims to all the production sectors, namely the final good
sector, the intangible sector, as well as the innovation sector. Accordingly, we define the

aggregate dividend as the net payout from the production sector

Dd,t - Dd,t + Nddﬂfﬂ-it + Njc‘l',tﬂ;l,t — Sdt . (18)

)

Optimality implies the following asset pricing condition:

Pdt = Et[Md,t+1(Pd,t+1 + Dd,tJrl)] )

)

where P, is the domestic stock market price, and Dy, is the aggregate market dividend.
Given complete financial markets, exchange rate depreciation is pinned down by the

ratio of the domestic and foreign stochastic discount factors, that is

M
Qt+1 _ fit+1 ' (19>
Qt Md,t+1

Because of recursive preferences, the risk sharing mechanism is non-standard as agents fear

Cd,t>6_1

not only current shocks but also variation in future utility. Formally, let 7; = Q) (W

Using the expression for the stochastic discount factor in (2) together with the no arbitrage

condition (19), we can express 1; recursively as
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My i1 el0—1)Aca i1

Mgy el0=DAc

T =1, (20)

Notice that, in the CRRA case, 1; is constant. Instead, with Epstein-Zin recursive
preferences, it evolves over time depending on the cross-country realizations of the agents’
continuation utilities. Colacito and Croce (2013) provides a thorough analysis of this

mechanism.

4 The Mechanism: Aggregate Productivity and the
Stock Market

In this section we present the expression for aggregate productivity that is central to our

mechanism. Domestic TFP can be expressed as
Zay = Quy (Z)ﬁ [Ng, + (rQ)7T N (21)
where A = (fu)lgfi. Taking logs,
log Zg; = log Q44 + log {(A) = [Nit + (TQt)ﬁ N}H} ,

Hence, TFP has both an exogenous and an endogenous component, that is

log(TFPyy) = log(TFP¥%) + log(TFP;NP°)
with
log(TFPfth) =log Qi:

and

log(TFPENPO) = log { (Z)ﬁ [Nit + (TQt)ﬁ N}i,t}}

The exogenous component of TFP is given by the stochastic process 2;,; the endogenous
component, which plays a crucial role in our mechanism, depends on the number of vari-

eties that have been produced domestically, Nc‘it, and the number of varieties that have
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been produced in the foreign country and are already adopted at home, N}{t. We refer
to Nle,t as the domestic component of endogenous TFP and (7'Qt)ﬁ N}{t as the foreign
component of endogenous TFP. From the process of innovation and adoption explained in
Section 3.4 it can be shown that endogenous TFP is positively affected by the R&D done
in the domestic country and the foreign R&D embodied in imports. Thus, foreign R&D
diffuses across countries through trade in varieties, generating a positive comovement of
TFP across countries. This process of innovation and international diffusion makes a pos-
itive productivity shock have a persistent effect on the productivity of a country and its
trading partner, which helps to explain the positive correlation of quantities.!? For this
channel to have a quantitatively relevant effect on asset prices we need to understand the
role of recursive preferences.

For asset prices, the main mechanism works as follows. Risky growth through en-
dogenous innovation and recursive preferences determines the optimal level of R&D, and
therefore the level of current and future expected growth. Innovations then spread across
countries through a process of technology adoption that we measure with trade in varieties.
Risky growth has a first order impact on the stock market and governs its international
correlation structure. To see this, recall that aggregate dividends in each country (Equa-
tion (18)) are given by the present discounted value of the future profits of all the firms
operating in that country. In Appendix C, we show that we can decompose the return of

the stock market into four components:

1. Price of installed capital: g}, Kgs41

2. Value of adopted domestic technologies (adopted by both domestic and foreign final
producers)

Nc(lj,t(vdcft - Wg,t) + Nc{t(‘/;l{t - ngc,t)

with Vi, = J¢, and %{t = 7T£t + (1 — ¢)E, |:Md7t+1‘/vd]jt:| is the present discounted
value of the future profits of the firms that are established in the market and are

also selling abroad.

3. Value of existing not-yet adopted technologies

(1= @) (N, — NI E [Mag1Jd, 4]

12Gee Liao and Santacreu (2015) for a cross-sectional analysis of the mechanism.
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where

J]y = (1= @) By [Mayr 05V + (1= 00)J1,10)]

4. Value of all the technologies that we expect to develop in the future.

Z Et [Md,t+i+1 ((Nit+i+1 - Ngt_m(l - ¢))‘/d,t+i+l - Sd,t+i)} =0
i=0
We refer to the first element as the price of the tangible component of the stock market
and the remaining three elements as the price of the intangible component of the stock

market. Accordingly, we define r4; as the log return of the overall stock market, rﬁf}f

as the log return of its tangible component, and rzﬁtt as the log return of its intangible

component.

5 Quantitative implications

In this section we present the quantitative implications of our model and explore its ability
to replicate key international moments for both macroeconomic quantities, stock market
returns, and exchange rate dynamics. Our baseline model is calibrated at a quarterly

frequency.

5.1 Calibration

We need to specify a total of sixteen parameters. The parameter values are reported in
Table 5. We start by discussing the more standard parameters. The preference parameters
are set in the spirit of the long-run risk literature (see Bansal and Yaron (2004) and Colacito
and Croce (2013)). In particular, we set the coefficient of relative risk aversion v equal to
10, and the coefficient 6 equal to 1/3, implying an elasticity of intertemporal substitution
of 1.5. Note that with this calibration of the preference parameters, agents in the economy
dislike shocks to expected future growth. The subjective discount factor is chosen to pin
down the mean of the risk free rate, which implies a 8 = 0.9841/4.

The parameters relating to the final goods production technology are obtained from
Kung and Schmid (2011). The capital share « is set to 0.35 to match the average capital
share, and the share of intangible capital £ is set to 0.5 as in Comin and Gertler (2006).

22



Description Parameter Value

Preferences:

Risk Aversion ~y 10
IES Y =1/(1-0) 1.5
Subjective Discount Factor B4 0.984

Final Production:

Capital Share « 0.35
Share of Materials & 0.5
Autocorrelation of 2 = e® % 0.95
Volatility of exogenous shock € o 1.08%
Cross-correlation of exogenous shock P 0.35
Depreciation of capital stock ) 0.02
Investment Adjustment Cost Parameter ¢ 0.33
Inverse Markup v 0.5
Innovation and International Adoption:

Scale Parameter X 0.4240
Innovation Obsolence Rate o) 0.0375
Elasticity of Innovation wrt R&D n 0.60
Shipping Cost T 1.5
International Adoption Parameter 795 0.01

Table 5: The table reports the parameters for the baseline quarterly calibration.

The depreciation rate of physical capital is set to 0.02 and ¢, which pins down the elasticity
of the investment rate with respect to Tobin’s Q, is set to 1/3. The parameter v is set
to 0.5, also consistent with the literature. This parameter is related to the elasticity of
substitution across intermediate goods and pins down the intermediate goods markup in
our model.

We set the autocorrelation of the exogenous technology shock to 0.95 and the volatility
parameter o to obtain a sensible volatility for consumption and output growth. Finally,
we fit an AR(1) process to the TFP of each of the 20 countries in our sample and compute
the cross-country correlation of the error term, which give us a cross-country correlation
in the exogenous TFP shocks of 0.35.

We now move to the non-standard parameters that govern the process of innovation
and technology adoption. The parameter y is a pure scaling parameter. We choose it

such that the steady state growth rate of consumption has an annualized mean of 1.9%.
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Together with v, it gives us a value of A which is consistent with the balanced growth
restriction. The parameter n governs the elasticity of new varieties with respect to R&D
and is set to 0.6, a number within the range of estimates from Griliches (1990). Finally,
we set ¢ = 0.0375, which corresponds to an annualized depreciation rate of the R&D stock
of 15%, as is standard in the literature.

The last parameters that we calibrate are those associated with international trade
costs: 7 and 9. We set the iceberg cost parameter 7 to 1.5 to match international trade
flows, as in Santacreu (2015). Finally, we calibrate ﬁg, which governs the strength of
the international adoption process and is crucial for the mechanism of our model. We
calibrate this parameter using the law of motion of newly adopted varieties in equation

(11), as follows
r ONs
f =
(1—¢) (Ng, - N,)

Then, we use annual data on R&D and disaggregated bilateral trade data to measure

the right hand side of the above expression. Specifically, NC{ . i1s measured using the
number of varieties that are exported from country d to country f, which is what we call
the extensive margin of trade in the empirical section; Nit is measured as the stock of
R&D, computed with the perpetual inventory method using R&D expenditures and an
annual depreciation rate of 15% (i.e., ¢ = 0.0375)). We obtain a value for each pair of
countries and each time period. Averaging across time we obtain that 195 is between 0.048
and 0.084, which corresponds to a quarterly average value of 195 = 0.01. This is the value
that we use in our baseline calibration.

Given these parameters, we use perturbation methods to solve our system of equa-
tions. We compute an approximation of the third order of our policy functions using the

Dynare++ package. All variables included in our code are expressed in log-units.3

5.2 Results

Table 6 reports simulated moments of four different calibrations: Baseline, CRRA, Fast
Adoption, and EXO. For the CRRA calibration, we impose ¢ = 1/ and leave all other

parameters unaltered. For the calibration with Fast Adoption we increase 19£ to 0.02. The

13For additional details concerning the solution and the approximation of recursive economies with
multiple agents see Colacito and Croce (2012, 2013) and Rabitsch et al. (2015).
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EXO calibration corresponds to a model in which innovation is exogenous.'* All results
shown are averages of 1000 simulations of a 100 quarters each.

In terms of moments of macroeconomic quantities, our baseline model with recursive
preferences can generate sensible means and standard deviations for both output and con-
sumption growth. The mean growth is 1.90% for both variables and standard deviations
are 1.42% and 1.21%, respectively. Note that our model endogenously generates a very
high autocorrelation in the conditional mean of future consumption growth and total TFP
growth, which suggests the existence of a slow moving component governing future growth
prospects, in the spirit of Bansal and Yaron (2004). We also report moments of the proper-
ties of innovation and R&D expenditure. The cross-country correlation of R&D intensity
is around 0.34 in our calibration, and around 0.4 in the data. Similar values are obtained
for the cross-country correlation of the growth rate in the number of varieties.

The model generates a cross-country correlation of consumption growth of 0.17. This
relative low correlation is in line with the empirical estimates in Section 2 and previous
studies. Notice that this value is lower than the calibrated cross-country correlation of
exogenous TFP shocks. This is a consequence of the risk sharing mechanism implied
by recursive preferences. Similarly to Colacito and Croce (2013), when a positive long-
run shock hits the domestic economy, agents experience a sharp drop in their marginal
utility resulting in a substantial reallocation of resources towards the foreign country
and, ultimately, in a lower cross-country correlation in consumption growth. The novel
feature of our model is that long-run shocks are the endogenous outcome of the innovation
mechanism.

As for the asset pricing moments, our model generates a volatility of the depreciation
rate of 9.62% and a cross-country correlation in stock market returns, r*, as high as 0.49.
This high correlation is a manifestation of the mechanism at work in our model. Indeed,
focusing on the different components of the stock market, we note that the cross-country
correlation in the returns on tangible capital is low and equal to 0.28. On the other
hand, the return on intangible capital is very highly correlated across countries (0.78),
suggesting that the international adoption of foreign innovation is a significant driver of

comovements in international asset prices. Finally, note that our model can generate a

14Tn this version of the model, new prototypes arrive exogenously according to a Poisson process, so
that the steady state growth rate of consumption remains the same. Growth, hence, is exogenous.
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Baseline CRRA EXO Fast Adoption
Macro Quantities:

E(Ac) 1.900 1.900  1.900 1.900
Std(Ac) 1213 1106 1.325 1.211
ACF; E¢(Aciyq) 0.899 0.901 0.903 0.892
E(Ay) 1.900 1.900 1.900 1.900
Std(Ay) 1416 1.379  1.378 1.409
E(Az) 1900  1.949 1.899 1.901
Std(Az) 2.185 2.129  2.126 2.174
ACF; Ei(Azq) 0.900 0.900  0.899 0.899
Corr(Acq, Acy) 0.169 0.427  0.497 0.194
Corr(Ayg, Ayy) 0.322  0.388 0.435 0.332
Corr(Azg, Azy) 0.322 0.388  0.435 0.332
Corr (Asg, Asy) 0.338 0.320 0.318
Corr(Ang, Any) 0.302 0.262 0.286
Asset prices:

E(r/) 2.818 20440 2.872 2.823
ACF, (1) 0.899 0.896  0.903 0.898
Std(Ag) 0.621  11.839 1.083 8.481
Corr(rg, %) 0.491 0.376  0.371 0.520
Corr(ri™, ri¥™) 0.277  0.350 0.461 0.271
Corr(ri™, ri") 0.782 0.405  0.288 0.828

Table 6: Simulated moments for macroeconomic quantities and asset prices. Results
shown are averages of 1000 simulations of 100 quarters. The subscript d (domestic) and
f (foreign) are suppressed when there is no ambiguity. ‘Baseline’ refers to our baseline
calibration in Table 5. ‘CRRA’ refers to the constant relative risk aversion case and is
obtained by setting ¥ = 1/y. ‘EXO’ refers to the model with exogenous growth. ‘Fast
Adoption’ refers to a calibration with 9% = 0.02.

low and persistent risk-free rate, as we observe in the data.!®

Why recursive preferences? The CRRA case. Recursive preferences are crucial to
our mechanism as they allow for realistic dynamics of asset prices without compromis-
ing the performance of the model for macroeconomic quantities. In the third column of
Table 6, we show the results we obtain in the standard CRRA case. The dynamics of
macroeconomic quantities within each country are only marginally affected. However, the

model with CRRA preferences suffers from several important drawbacks. Specifically, it

15Tn the current baseline calibration, the level and the volatility of the stock market returns are smaller
than what we observe in the data. A similar issue arises in Kung and Schmid (2011) and Colacito, Croce,
Ho, and Howard (2012). Introducing leverage in the spirit of Boldrin, Christiano, and Fisher (2001)
substantially alleviates this problem.
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cannot account for the sizeable wedge between cross-country correlations in consumption
growth and stock market returns that we observe in the data. Cross-country correlation
in consumption growth is too high (0.43) and cross-country correlation in stock market
returns is too low (0.38). With CRRA, agents in the economy do not fear variation about
future prospects of the economy, as their marginal rates of substitution solely reflects cur-
rent consumption growth realizations. The quantitative effect of this mechanism is evident
from the cross-country correlation of the intangible part of the stock market returns, which
drops to 0.40 from 0.72 in our Baseline calibration. Also, notice that the average of the

risk free rate is too high, a manifestation of the well known risk-free rate puzzle.

Why endogenous growth? The EXO case. When growth is exogenous, the prop-
agation mechanism of risk that is at the core of our baseline calibration is muted. Put
simply, short-run risk, which comes from the exogenous TFP process, does not have long-
run effects. In this case, the power of recursive preferences is limited. If there is little
variation about the future prospects of the economy, agents will not attach a sizeable
price of risk to it, and the dynamics of asset prices will resemble the ones obtained in the
standard CRRA case. Quantitatively, Table 6 shows that the cross-country correlation of
consumption growth increases to 0.50, while the cross correlation of stock market returns

drops to 0.37.

The Role of International Adoption. The last column of Table 6 shows the results we
obtain when we increase the 795 parameter to 0.02. This value remains within the range of
our empirical estimates and it implies Fast Adoption of foreign innovations. According to
our mechanism, faster adoption of foreign R&D has a significant impact of the dynamics
of asset prices. In particular, we see that relative to our baseline calibration stock market
returns are more correlated and exchange rates are less volatile. This results is consistent
with our empirical findings which highlight the effects of international diffusion of R&D

on asset prices.

6 Predictability Regressions

Our model implies that domestic R&D and foreign R&D embodied in imported inter-
mediate products should predict domestic TFP growth at lower frequencies. We provide

empirical evidence for this mechanism for our sample of 20 countries and the time period
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Table 7: Band-pass filtered TFP forecast
(1) (2) (3) (4) (5) (6)

t=0 t=1 t=2 t=3 t=4 t=5
log(X 4 EMiyeppt)  0.086™  0.146™* 0.163"* 0.214™*  0.228" 0310
(0.014)  (0.028) (0.042) (0.059) (0.076)  (0.095)
log (&) 0.075** 0.152"* 0.233** 0.326"* 0.421"* 0.515**
(0.004)  (0.008) (0.013) (0.018) (0.023)  (0.028)
Constant 0217 -0.191  0.274 0412 0.906  0.739
(0.136)  (0.273)  (0.418)  (0.577) (0.745)  (0.929)
Observations 6099 6099 5757 5396 5035 4674
R 0.064  0.061  0.061  0.067 0071  0.076

Standard errors in parentheses
*p <0.05, ** p <0.01, *** p < 0.001

1993-2009. TFP is computed as the Solow residual in the following way. For each country
i
log(zir) = log(yit) — alog(nir) — (1 — a) log(kir);

here z;; denotes the aggregate productivity, y;; the real income, n;; the total employment,
and k;; the real physical capital stock. The nominal GDP data (annual index in national
currency) are collected from IMF IFS. We take the gross fixed capital formation (GFCF)
data from IFS and take the employment index from IFS and the OECD database. For
OECD countries, the GFCF data are given by a series named VOBARSA (millions of
national currency, volume estimates, OECD reference year, annual levels, seasonally ad-
justed); the employment data are from the OECD Labour Force Statistics (MEI, Main
Economic Indicators) dataset (all persons, index OECD base year 2005 = 100, seasonally
adjusted). For other countries, data are from the IFS database. The GFCF data are
deflated by a GDP deflator (2005 = 100, also from the IFS database) to obtain the real
capital formation data. For countries and periods when quarterly data are not available,
we interpolate the annual index while assuming a constant volume every quarter within a
year. As a robustness check, we exclude the periods when quarterly data are not available;
this does not affect our results.

Physical capital is constructed using the perpetual inventory method with a constant

quarterly depreciation of 2.5% and assuming that the initial capital stock is zero. We follow
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the literature in setting «, the labor share of income in GDP, to 0.64 for all countries.'¢

We then compute quarter-to-quarter growth rates of our measure of TFP by computing
the log-difference of the series just computed. Because we are interested in capturing low-
frequency movements of this variable, we apply a Band-Pass filter that removes frequencies
higher than 32 quarters. Then, we run the following regression to the filtered data for

1993-2009, using annual data for R&D and international trade:

ATFP; 1) =a+bxlog(R&D;;) + c*log (Z EMij7tR&Dj7t) + Uiy
j
with p =0,1,2,3,4,5 years. The first term in the right hand side corresponds to domestic
R&D intensity and the second term corresponds to total foreign R&D intensity that is
embodied in imported intermediate goods.

The results are reported in Table 7. There are two main findings. First, the coefficients
on domestic R&D are all positive and statistically significant and they increase as the
horizon increases. This result is consistent with Kung and Schmid (2011). Domestic
R&D intensity forecasts the medium-term component of TFP over horizons of 1 to 5
years. Second, we test whether foreign R&D embodied in imported intermediate goods
can forecast the medium-term component of TFP. This is the novel mechanism in our
paper, that is, there is a common component in the TFP of countries that trade with
each other that is driven by their R&D and it is weighted by how much they trade with
each other. As in the case for domestic R&D, we find that the coefficients of the foreign
component of R&D are positive and statistically significant and their value increases for
larger horizons. Hence, consistent with the predictions of our model, the data show that
both domestic and foreign R&D can predict TFP over longer horizons. Furthermore, the
R? of the regression lies between 0.064 and 0.076 and it increases with the horizon.

In the Appendix we add two additional sets of predictability regressions in which
we consider the effect of domestic R&D and foreign R&D embodied in trade separately.
Consistent with the results that we have just presented, both innovations have a predictive
power over the medium-term component of TFP. Interestingly, the R? on the predictability

regression of foreign R&D is six times larger than in the case of domestic R&D.

16 As a robustness check, we also calculate aggregate productivity for emerging markets while setting o
= 0.5; this does not affect our results.
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7 Conclusion

We have provided a quantitative analysis of a symmetric two-country endogenous growth
model of innovation and international adoption of foreign innovations through trade in
varieties. We have shown, both theoretically and with a calibration exercise, that recursive
preferences, together with our endogenous growth channels, are key to match the lower
cross-country correlation of quantities relative to the larger cross-country correlation of
asset prices.

In the paper, we provide empirical evidence of our mechanism. First we show that
country-pairs with a higher R&D content of international trade have more correlated
stock market returns and less volatile exchange rates. Second, we find that both domestic
and foreign R&D embodied in traded intermediate goods drive a predictable component
of TFP at lower frequencies and over log horizons of time.

Our model can be extended to tackle other international asset pricing puzzles. Relaxing
our symmetry assumption, for instance, we can analyze the role of our mechanism in
explaining deviations of the uncovered interest parity condition and the profitability of

the currency carry trade. We leave these issues for future research.
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Appendix

A Trade Data, Asset Prices, and Comovements

In this note, we describe trade data and asset prices and construct the measures relevant to our
analysis.

Trade Data

The source of our trade data is UN COMTRADE. We collect product data at the 6-digit level
of disaggregation. The data is annual and covers the 1985-2009 period. We focus on the trade
that occurs between the importer ¢ (identified with its IISCODE) and the exporter j (identified
by its EISCODE), and collect data on the kind of product that is traded (the 6 digits identifying
it) and the dollar value of the trade in each product (the per-product trade value).

Preliminary stats: calculate the fraction of world trade and world GDP that is accounted for
by the countries in our sample. For the entire list, refer to the paper.

From this data, we construct the following measures:

Step 1:

e Trade Intensity (¢,7): T1;;, i.e. the sum of the trade value of all the products

e Extensive margin (4,j): EM;; , i.e. the number (the“count") of different kinds of good

imported by country ¢ from country j

e Intensive Margin (i,5): IM;; = TI; j/EM,;;, i.e. “how much”, in dollars, country i is

trading on average for each product imported from country j

In order to compare these numbers across-country pairs, we normalize them taking into account
each country’s GDP. In particular, we define the normalized measures as

. Tl ;
Tl j= ot
" GDP,+ GDP;
EM;; = EMy;
< TI;;
IMij = ="
/L’]
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Note: this country pair is ordered: 4 is the importer and j is the exporter, i.e., T1 iy will
usually be different from T'T i

Aside: we want to make sure that the relationship T'T i = EMZ-JI M i,; holds, so that, taking
logs, we can easily run linear regressions.

Step 2:

For the measures above, we calculate their R&D intensity. In order to do so, we collect data
on the percentage of each country’s GDP that comes from expenditure in R&D. We obtain the
R&D intensity of the trade intensity, of the extensive margin, and of the intensive margin as
follows (k indexes the countries from which country 4 is importing):

~ R&D TIZ7J%R&DGDP(])
’ 3ok TL g% R&Deppr

EMR&D _ EMi’j%R&DGDP(j)
ij Sk EM; 1% R&De:pp(i)

D _ IM; j%R&Dapp(j)
ij >k IM; 1% R& DG pp iy

Asset Prices
We consider two main statistics for asset prices: the cross-country correlation in stock market
returns and the volatility of the currency depreciation rate. We use monthly observations for the

1993/2009 period from the following sources: i) Ken French’s website for stock market data, and
ii) Global Financial Data exchange rates. From this data, we construct the following measures:

Stock Market

e Cross-country stock market return correlations between country 7 and country j: corr(rs,, T )
b b

for the entire sample. The return r* is per quarter.
Exchange Rate

e Quarterly log depreciation rate for currency ¢ w.r.t. currency j: Aq{;t = ql{t — q{’tfl, where
qzj’t is the log exchange rate level at time ¢ for country ¢ (in units of currency 4 per one unit

the j currency)

e Volatility of currency ¢ depreciation rate w.r.t. currency j: vol(Aqit) for the entire sample.

34



B Model Equations

Here, we present the equations for the domestic econmy. The foreign economy is represented by

similar equations.

Preferences

S

_0
Ut = {(1 -0, + 8 (B (Us)) ”}
Stochastic discount factor

1—~—06

)

Cdt+1>9_1 Udt+1
My = =22 ’
o ( Cay E, (Ué;zl)ﬁ

Final producers

Yar = (Zd,tLd,t)l_aKZt

Labor

Ldtzl

Aggregate productivity

1

Lt = Qd,t (Z>g [Ng,t + (TQt)ﬁ N?,t}

A= ()
Qg = et

Qgt = Y Qqg4—1 1 €4y
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First order condition of labor

Y,
War = (1-a)(1 - é)ﬁd’i

First order condition of investment

1
qdt = 7
Agy

1 Y, I
1=E, [Md,t+1 { (C“(l - §)M + Qd,t+1(1 - 5) — =+ Qd,t+1/\d,t+1> H
qd,t Kt Kt

Law of motion of capital

Kair1=1—06)Kay + ANg Kay

Investment adjustment costs

¢
Iy a1 [ Igy
Agg=A (22t ) =2 [ Jdt) 4
dt <Kd,t> ¢ <Kd,t> a2

Demand for domestic intermediate goods

Xg, = (VG
Demand for foreign intermediate goods (imports)
= 1 1
X = (6YaGay) ™7 (rQu) 7= = X, (rQ0) =

Materials (intermediate goods)

1—v

Gy = &Va [N, + (rQ)7T NE,| 7
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Profits of intermediate producers

Hd,tN;l,t = ﬂ-g,th(li,t + Wg,th{t
Profits of domestic producers in the domestic market

1
wh= (- 1) X,

v

Profits of domestic producers in the foreign market

-
7T¢]10,t = ( - 1> Xglc,t

1%

Present Discounted Value (PDV) of a domestic producers selling in the do-

mestic market

Vil =780+ (1= Q) Ee[Ma 1 Vily oy

PDYV of a domestic producers selling in the domestic market
Vi, =7l + (1= ¢)E[May 1V, 1]
dt — Tq¢ ) By Mgy d,t+1

PDYV of a domestic producers not-yet selling in the domestic market

‘]cjlc,t =(1-9)E [Md,tﬂ (ﬁgﬂgtﬂ +(1- 195)‘]6{1‘,+1>}
Value of an innovation

Vi = Vi + T4,

Law of motion of new technologies
Nitﬂ = VaSar + (1 — ‘b)Nit
XNgt

ﬁd,t =T
Saa (NG,
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Free entry condition of innovation
_ d d
Sat = By [MagaVagsr] (Nipay — (1= ¢)N, )
Law of motion of adopted technologies
Niewr = 95(1 = 9)(Ni, = Ni,) + (1 - ¢)Ng,
Resource Constraint

Yo = Cap + Igy + Sap + Ng,tchli,t + Nc]lc,tht

International risk sharing

Q41 _ My
Q1 M1

C Deriving the Stock Market

Dividends are generated by the final producers, the intermediate producers, and the innovators.
The stock market is the present discounted value of the future dividends generated by all the
firms in the economy. Optimality implies the following asset pricing condition:

Pd . = Et [Md,t-‘rl (Pd,t-‘r]. + Dd,t‘i‘l)] )

)

where P is the domestic stock market price, and Dy, is the aggregate market dividend. Sub-
stituting forward, we have

Pat = Ey i Matviv1Dagviva
i=0
Total dividends are
Dys = Day + N§,m§, + N7, — Say
with the dividends of the final producers, Dy, evolving according to
Day =Ygy — lay — WayLay — N§, P, X3, — N, P§,X¢, .

Consider the present discounted value of the dividends of the final producers, Pé:lt”. We have

o0
t
Pil =FE |> Magpriv1iDagrin
i=0
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or, in recursive form, Pf&” = E; |:Md,t+1 (Pflfﬁl + Dd7t+1)]

Result. Pctlfltn = Qd,th,tJrl-
Proof. Consider the following expression:
Et(Md,t+1Dd,t+1) =E; [Md,t+1 (Yd,t+1 - Id,t+1 - Wd,t+1Ld,t+1 - Nc(li,t+1P¢§l.t+1XcCll,t+1 - N;l,t+1P;l,t+1X?,t+1)}
From the FOC of labor, we have
Wasr1Lagyr = (1 —a)(1 —e)Yaep
Use the first order conditions for intermediate producers to rewrite the expression
d pd yvd d pd yd
Ny Py Xgr+ NgyPry X5y
or, substituting for the prices of intermediate goods,
1 T
d d d d
Nago Xar+ Nf,t;QtXf,t

Using
x4 — xd L.
fit — d7t(TQt) )
we have

1 T _1 vy 1
(Nfii,t,/ + N}l,tyQt(TQt)“> Xy = (N + Nfo(rQ0)77) ~ X -

Similarly, using
1

d —v\1-v
Xd,t = (57/Yd7tGd’ty)

and substituting Gq; = evYy, (N;{t + Nj‘ét(TQt)V%l), we have

v \—1
Xél,t =evYyy (Néi,t + N;l,t(TQt) ”_1)

Plugging this expression into the total spending for intermediate producers, we have
1 T 1 vy 1
(Ndd,ty + Njfl,tVQt(TQt)”_l) Xgll,t = (Nccll,t + N}l,t(TQt)“_l> ;Xg,t =

v 1 v \—1
= (Ng,t + N{,(rQ0) “*1) ;5VYd,t (Ng,t + N{,(TQu) “*1) =Yy
Finally, consider the FOC for investment and rearrange it to obtain
QatKar11 = By [Mgpr (1 —)Yge1 — Lap1)] + Er [Magr19de41 (1 —0) + Aaggg1) Ka 1]

From the law of motion of capital, we have

(1—06)+Agir1 _ Kapyo
Kat1 Kat1
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and, substituting in the previous expression, we obtain

qa i Ka1 = By [Mgy1 (a1 — €)Y 01 — Lag1)] + By [Ma4+19d,041K4q,+2]

Letting ¢; = ¢ K11, solving the expression above recursively, and imposing the standard transver-
sality condition, we have

[o@)
G = Ey [Z Miyiv1 (ol =€) Yiqip1 — It+z‘+1)]
i=0

Combining these results together, we have

tan
Pt

E, {Md,tJrl (Pctl(,ltﬁl + deHlﬂ

o0
= Ei [Z Mapvitr (—Lagtivr + () (1 = €)Yd,t+z’+1)] = Qd,¢
=0

O]

We now need to compute the present discounted values of the remaining terms in the expres-
sion for the market dividends. To compute the present discounted value of the profits of all the
existing intermediate producers, we need take into account that there are two types of interme-
diate producers in the economy. First, there are firms that are selling both to the domestic and
the foreign market. Second, there are firms that are not yet selling to the foreign market but
have the possibility of doing that in the future.

The present discounted value of each firm that sells both to the domestic and foreign market
today. These firms keep selling to both markets unless they do disappear with probability ¢.
Let’s call the present discounted value of the dividends of these firms as 74, which are given in
recursive form by

Tdt = ﬂ-g,t + Wc{,t +(1—9)E; [Md,t+17rd,t+1] = Vd(%t + Vd{t

where the last equality uses the definition of the value function for one firm that is selling in the
domestic market and the value funtion of one firm that is already selling in the foreign market.
From the previous expression, the expected present discounted value of the future dividends for
one firm that sells both in the domestic and in the foreign market, which is the component that
we need to compute the stock market and we call V7, is

Vie = (1= 0) B [Mapsrmaga] = (Vi — 7d,) + (V, = =],)

Finally, the present dicounted value of the dividends firms that only sell today in the domestic
market but have a chance to sell tomorrow to the export market is given, in recursive form, by

T4+ (1— ¢)Ey [Md,t+1 (Wg,tﬂ + Jc{tﬂﬂ =Vi +(1-9¢)E, [Md,t+1*]¢{t+1}

From the previous expression, the expected present discounted value of the future dividends for
one firm that sells only in the domestic market, which is the component that we need to compute
the stock market and we call Vo, is

Vor = (1 - ¢)Ey {Md,t—&-l (Wél,tﬂ + Jitﬂ)] = (Uit - Wﬁ,t) + (1 - @) Ex {Md,t-i-l‘]c]lc,tJrl
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Since there are N 1{ (firms selling both in the domestic and in the foreign market and (N g’t - N L{’ t)
firms selling only in the foreign market, aggregating the previous expressions we can obtain the
component of the stock market that is driven by the already established intermediate producers

as
Nc{tvlt + (Nfii,t - N({,t)Vzt =

- Nt{t [(Vdcft - ng) + (Vd{t - ﬂ—(]ic,t)} + (Nccll,t - Ng{t) {(Vdcft - Wg,t) +(1—9¢)E; {Md,tﬂJC{tHH

= N, (it = 7d30) + NI, (Vi = 7l + (Nd = NI (0= ) B [Magia ], 14 ])

Therefore, there are three components to the stock market

1. Price of installed capital
qa.tKd 141

2. Value of intangible capital
Ng,t (Vdc,lt - Wfil,t) + NL{,t (Vd{t - ”£,t>
3. Value of intangible capital that can potentially be sold abroad

(1 - éf’)(Nfii,tH - Nc{,tﬂ)Et {Md,tHJz{,Hl]
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D Additional Empirical Results

Table 8: International trade and the correlation of stock market returns

(1) (2) (3)
log(EM);; 0.094**  0.085*** 0.018
(0.006)  (0.005)  (0.009)
log(IM);; 0.032***  0.038*** 0.029***
(0.003)  (0.003)  (0.004)
Constant 0.422***  0.432** (0.841***
(0.068)  (0.057)  (0.102)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6460 6460 6460
R? 0.075 0.361 0.442

Standard errors in parentheses
*p <0.05 " p<0.01, ** p <0.001

Table 9: R&D embodied trade and the correlation of stock market returns

(1) (2) (3)
log(EM#P) 0.0317*  0.021"*  0.004
(0.007)  (0.006)  (0.009)
log(IMf}&D) 0.016** 0.019*** 0.036***
(0.004)  (0.004)  (0.004)
Constant 0.747*  0.848** (.812***
(0.013)  (0.015)  (0.044)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6422 6422 6422
R? 0.029 0.310 0.441

Standard errors in parentheses
* p<0.05, " p<0.01, ** p<0.001
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Table 10: R&D intensity and the correlation of stock market returns

(1) (2) (3)

log(£55) + log(Gppt)  0.054™  0.025"*  0.019
(0.004)  (0.004)  (0.014)

Constant 0.577*** 0.695*** 0.392***
(0.003)  (0.012)  (0.030)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6384 6384 6384
R? 0.024 0.288 0.431

Standard errors in parentheses
* p <0.05, ** p<0.01, *** p < 0.001

Table 11: Domestic and foreign R&D intensity and the correlation of stock market returns

(1) (2) (3)
R&D; Hokok koK *
log(GTPi) 0.051 0.030 0.055
(0.008)  (0.007)  (0.027)
log(GDPj ) 0.061 0.016 -0.019
(0.010)  (0.009)  (0.028)
Constant 0.577* 0.697** 0.401***
(0.005)  (0.017)  (0.047)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 3192 3192 3192
R? 0.024 0.288 0.434

Standard errors in parentheses
* p <0.05 ** p<0.01, ** p < 0.001
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Table 12: International trade and the volatility of the exchange rate

(1) (2) (3)

log(EM);; 3523 3476 -3.730
(0.160)  (0.148)  (0.233)

log(IM);; -1.384**  -1.354**  -1.217**
(0.085) (0.079) (0.088)
Constant 13.443**  15.295"*  25.743***
(1.818) (1.697) (2.514)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6460 6460 6460
R? 0.149 0.278 0.565

Standard errors in parentheses
* p<0.05 " p<0.01, ™ p <0.001

Table 13: R&D embodied trade and the volatility of the exchange rate

(1) (2) (3)

log(EMTD) 1.810% -1.949" -2.011°
(0.183)  (0.170)  (0.229)

log(IM#P) -0.192  -0.134  -1.678"**
(0.122) (0.113) (0.109)
Constant 3.081%*  7.725%* -0.938
(0.343) (0.449) (1.091)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6422 6422 6422
R? 0.059 0.198 0.561

Standard errors in parentheses
* p <0.05 " p<0.01, ** p <0.001
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Table 14: R&D intensity and the volatility of the exchange rate

(1) (2) (3)

1Og<g%g;)+1og(g%%) S1.183%*  _1.611%*  0.782*
(0.122)  (0.117)  (0.363)

Constant 9.900***  15.315** 27.581***
(0.095) (0.359) (0.765)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 6384 6384 6384
R? 0.014 0.163 0.515

Standard errors in parentheses
*p<0.05, " p<0.01, ** p <0.001

Table 15: Domestic and foreign R&D intensity and the volatility of the exchange rate

(1) (2) (3)

log (€57 ) SLOAT 1367 1082
(0.215) (0.201) (0.689)

log(¢57) L4277 2,067 0.444
(0.283) (0.270) (0.708)
Constant 9.916™*  15.388"**  26.640***
(0.135) (0.509) (1.187)
Time fixed effects No Yes Yes
Country fixed effects No No Yes
Observations 3192 3192 3192
R? 0.015 0.164 0.540

Standard errors in parentheses
* p<0.05 " p<0.01, ™ p <0.001
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Table 16: Band-pass filtered TFP forecast: Domestic R&D intensity

(1) (2) (3) (4) (5) (6)
t=0 t=1 t=2 t=3 t=4 t=5

log (Y4 EMyjgipg)  0.140°*  0.254°*  0.3407*  0.472"* 0580  0.762""
(0.014)  (0.028)  (0.043)  (0.060)  (0.077)  (0.096)

Constant -0.740%*  -1.234**  -1.443** -2.106™* -2.525** -3.671***
(0.138) (0.277) (0.425) (0.587) (0.758) (0.946)

Observations 6137 6137 5776 5415 5054 4693

R? 0.016 0.013 0.011 0.011 0.011 0.013

Standard errors in parentheses
*p <0.05 " p<0.01, ** p < 0.001

Table 17: Band-pass filtered TFP forecast (foreign R&D instensity embodied in trade
D @ ® ® 0 O
t=0 t=1 t=2 t=3 t=4 t=5
log(&57) 0.080***  0.159*** 0.242"* 0.339™* 0.436"* 0.536"**
(0.004) (0.008) (0.013) (0.017) (0.022)  (0.028)

Constant 0.627***  1.252°* 1.883** 2.516™* 3.150"* 3.784"*

(0.002)  (0.005) (0.007) (0.010) (0.012)  (0.015)
Observations 6099 6099 5757 5396 5035 4674
R? 0.058  0.057  0.059 0065 0069  0.073

Standard errors in parentheses
* p<0.05, ** p<0.01, ** p <0.001
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