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Non-Technical Summary

Technology spillovers are important drivers of economic growth. However, in the theoretical
spillover literature typically only new firms undertake innovations, yielding endogenous
economic growth. In this paper, | do not restrict the model to feature only homogeneous
innovations. Instead, | analyze the equilibrium implications of technology spillovers within an
endogenous growth Schumpeterian model with heterogeneous innovations by incumbents
(current monopolists) and entrants (new firms).

The model in this article is similar to the one used by Grining (2017). The only difference is
the presence of heterogeneous instead of homogeneous innovations. Small incremental
innovations are undertaken by incumbents allowing them to increase their monopoly profits.
Entrants undertake large radical innovations and displace incumbents upon a successful
innovation giving rise to “Creative Destruction” effects (Schumpeter, 1934, 1942).
Technology spillovers are modeled following Grining (2017), i.e. both types of innovating
firms need to use both countries’ final goods to undertake R&D.

In particular, different home bias parameters for the Cobb-Douglas R&D expenditure bundles
of incumbents and entrants are used, allowing heterogeneity in the internationalization of
R&D efforts. In the benchmark heterogeneous spillover calibration, the home bias parameter
in incumbents’ R&D is lower than the one in entrants’ R&D as it should be easier for
incumbents to undertake international research projects by having employees in different
countries working on the same project than for entrants (empirical support for this
assumption is supplied by Gertler, Wolfe, and Garkut, 2000; Ramondo, 2009; Fernandez-
Ribas, 2010; Guadalupe, Kuzmina, and Thomas, 2012).

The following remarkable results emerge from utilizing heterogeneous technology spillovers.
First, the within-country correlation between incumbents’ and entrants’ innovation
probabilities decreases below one. Therefore, the empirically observed moderate correlation
between incumbents’ and entrants’ innovation probabilities is endogenously reproduced.
Second, a higher degree of internationalization of R&D for incumbents (entrants) makes net
exports more (less) counter-cyclical, relative to the model with homogeneous technology
spillovers. In the data, net exports are highly counter-cyclical. Third, the correlation between
exchange rate growth and consumption growth differentials becomes less (more) positive
when entrants’ (incumbents’) R&D is more international. The empirical counterpart is thus
better matched when entrants’ R&D is more international.
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Abstract

Empirical evidence suggests that investments in research and development (R&D)
by older and larger firms are more spread out internationally than R&D investments
by younger and smaller firms. In this paper, I explore the quantitative implications
of this type of heterogeneity by assuming that incumbents, i.e. current monopolists
engaging in incremental innovation, have a higher degree of internationalization in
their R&D technologies than entrants, i.e. new firms engaging in radical innovation,
in a two-country endogenous growth general equilibrium model. In particular, this
assumption allows the model to break the perfect correlation between incumbents’
and entrants’ innovation probabilities and to match the empirical counterpart ex-
actly.
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1 Introduction

Technology spillovers are important drivers of economic growth. However, the theoretical
spillover literature typically relies on endogenous growth expanding variety models with
homogeneous innovations only (Coe, Helpman, and Hoffmaister, 1997; Croce, Nguyen,
and Schmid, 2015; Santacreu, 2015; Gavazzoni and Santacreu, 2015; Griining, 2017). In
this paper, I do not restrict the model to feature only homogeneous innovations. Instead, I
analyze the equilibrium implications of technology spillovers within an endogenous growth

Schumpeterian model with heterogeneous innovations by incumbents and entrants.

The model in this article is similar to the one used by Griining (2017). The only difference
is the presence of heterogeneous instead of homogeneous innovations. Small incremen-
tal innovations are undertaken by incumbents allowing them to increase their monopoly
profits. Entrants undertake large radical innovations and displace incumbents upon a suc-
cessful innovation, giving rise to “Creative Destruction” effects (Schumpeter, 1934, 1942).
Technology spillovers are modeled following Griining (2017), i.e. both types of innovating
firms need to use both countries’ final goods to undertake investments in research and
development (R&D). I use the term technology spillover in the sense that using both
countries’ goods (instead of only using domestic goods) exposes the domestic economy to

a larger extent to foreign productivity shocks.

Specifically, different home bias parameters for the Cobb-Douglas R&D expenditure bun-
dles of incumbents and entrants are used, allowing heterogeneity in the internationaliza-
tion of R&D efforts. To the best of my knowledge, my model is the first one to exploit
this kind of heterogeneity. In the benchmark heterogeneous spillover calibration, the home
bias parameter in incumbents’ R&D is lower than the one in entrants’ R&D. It should be
easier for incumbents than for entrants to undertake international research projects by
having employees in different countries working on the same project (empirical support
for this assumption is supplied by Gertler, Wolfe, and Garkut, 2000; Ramondo, 2009;
Fernandez-Ribas, 2010; Guadalupe, Kuzmina, and Thomas, 2012).

The following remarkable results emerge from utilizing heterogeneous technology spillovers.
First, the within-country correlation between incumbents’ and entrants’ innovation prob-
abilities decreases below one. Therefore, the empirically observed moderate correlation
between incumbents’ and entrants’ innovation probabilities is endogenously reproduced.
Bena, Garlappi, and Griining (2016) introduce exogenous barriers to entry in a closed
one-country economy to achieve this. Second, a higher degree of internationalization of
R&D for incumbents (entrants) makes net exports more (less) counter-cyclical, relative
to the model with homogeneous technology spillovers. In the data, net exports are highly

counter-cyclical. Third, the correlation between exchange rate growth and consumption



growth differentials becomes less (more) positive when entrants’ (incumbents’) R&D is
more international, implying that the empirical counterpart is better matched when en-

trants’ R&D is more international.

The article is structured as follows. Section 2 briefly outlines the model. The calibration is
described in Section 3, and the model-implied moments are discussed in Section 4. Section
5 concludes. Appendix A contains the full model. The model’s impulse response functions

are depicted and discussed in Appendix B.

2 Brief Model Description

This section briefly outlines the model. The full description of the model is found in
Appendix A. The model differs from that of Griining (2017) only in the innovation sector.
Griining (2017) relies on homogeneous innovation by entrants only in an expanding variety
endogenous growth model, pioneered by Romer (1990) and applied to asset pricing by
Kung and Schmid (2015). Here instead, incumbents engage in incremental innovations
and entrants in radical innovations. Hence, the model features heterogeneous innovations
in a Schumpeterian endogenous growth model, pioneered by Grossman and Helpman
(1991) and Aghion and Howitt (1992). The innovation structure with both incumbents
and entrants undertaking R&D was first analyzed by Acemoglu and Cao (2015) and
subsequently applied to asset pricing by Bena, Garlappi, and Griining (2016).

Specifically, my model features two symmetric countries. Each country is populated by a
representative household and two production sectors. The first sector admits a perfectly
competitive firm producing the respective country’s final good using labor, capital, and
a composite of intermediate goods. The monopolistically competitive intermediate goods
sector provides a continuum of intermediate goods for final goods production. The mo-
nopolists (incumbents) in this sector produce their respective intermediate good and sell
it at monopoly price to the final goods firm. They can also engage in incremental inno-
vations. New firms (entrants) try to steal the monopoly from incumbents by inventing a
radically better, new product. Therefore, entrants engage in radical innovations. If neither
an incremental innovation by the incumbent is successful nor an entrant displaces the in-
cumbent, the incumbent’s product’s quality depreciates, capturing patent obsolescence.
Both incremental and radical innovations improve the quality of the intermediate good,

yielding sustainable endogenous growth.

The household which has a preference for leisure, supplies labor endogenously to the
final goods firm. Its wage is subject to wage rigidities. Financial markets are domestically

and internationally complete and frictionless. Moreover, households and innovating firms



trade final goods, i.e. the households’ consumption and both incumbents’ and potential
entrants’ effective R&D expenditures are given as Cobb-Douglas aggregates of both final
goods. Domestic entrants are only allowed to enter the domestic intermediate goods sector.
Furthermore, incumbents only produce intermediate goods for the final goods sector in
their respective countries. The assumption that R&D expenditures are Cobb-Douglas

aggregates over both final goods introduces technology spillovers, as in Griining (2017).

3 Calibration

Four different calibrations of the model are described in this section. Table 1 contains
the four sets of parameters. All calibrations are annual. The first calibration features no
technology spillovers. Hence, the home bias parameters in both incumbents’ and entrants’
R&D expenditure bundles are set to the limiting value of 1, i.e. ¢; = ¢ = 1. The second
calibration features homogeneous technology spillovers, i.e. ¢; = ¢ = 0.90, so that 10% of
the goods used in both incumbents’ and entrants’ R&D are from the foreign country. The
final two calibrations feature heterogeneous technology spillovers. In the third calibration,
[ assume ¢; = 0.85 and ¢ = 0.95. Thus, incumbents have a higher degree of international-
ization in R&D than entrants. This captures that it should be easier for incumbents than
for entrants to undertake international research projects by having employees in different
countries working on the same project. Incumbents have more capital available to build
such a global infrastructure. This assumption is supported by empirical evidence given in
Ramondo (2009) as well as Guadalupe, Kuzmina, and Thomas (2012) that multinational
firms are successful in spreading R&D benefits across countries. Furthermore, research
activities by bigger and more established firms, proxied by incumbents in the model, are
undertaken to a larger extent internationally than research by smaller and younger firms,
which are proxied by entrants. Empirical studies which document this fact are Fernandez-
Ribas (2010) and Gertler, Wolfe, and Garkut (2000). Finally, I assume ¢, = 0.95 and

¢r = 0.85 in calibration [4]. This final calibration is analyzed for completeness.

The innovation sizes x; and ky and the depreciation rate of technology capital k, are
equal to the estimates from Bena, Garlappi, and Griining (2016): k, = 0.09, k; = 1.25,
kg = 2.50. Moreover, I also set the R&D productivity elasticities equal to the ones used by
Bena, Garlappi, and Griining (2016), i.e. w; = 0.8933 and wy = 0.8607. In all calibrations,
the R&D productivity shift parameters 7, and 7 are set so that the ratio of the average
innovation probability of entrants to the sum of the average innovation probabilities of
incumbents and entrants is equal to the average of the empirical counterpart, i.e. the
quantity which Bena, Garlappi, and Griining (2016) call the rate of radical innovation,

and so that the average consumption growth rate is two percentage points.



Table 1: Calibrations

Parameter  Description (1] [2] (3] [4]
B Subjective discount factor 0.984 0.984 0.984 0.984
Risk aversion 10 10 10 10
P Elasticity of intertemporal substitution 1.85 1.85 1.85 1.85
f Elasticity of labor supply 0.7 0.7 0.7 0.7
T Weight of consumption in utility bundle 0.1101 0.1091 0.1086 0.1096
a Capital share 0.35 0.35 0.35 0.35
13 Intermediate goods share 0.5 0.5 0.5 0.5
v Elasticity of substitution between intermediate goods 1.65 1.65 1.65 1.65
é Depreciation rate of physical capital 0.08 0.08 0.08 0.08
¢ Investment adjustment costs parameter 0.7 0.7 0.7 0.7
Pa Persistence of country-specific technology shocks 0.96 0.96 0.96 0.96
Oaq Volatility of country-specific technology shocks 0.0175 0.0173 0.0180 0.0167
Pz Persistence of common technology shock 0.96 0.96 0.96 0.96
oz Volatility of common technology shock 0.0171 0.0171 0.0166 0.0173
Po Persistence of volatility shocks 0.987 0.987 0.987 0.987
oy Volatility of volatility shocks 0.02 0.02 0.02 0.02
KD Depreciation rate of technology capital 0.09 0.09 0.09 0.09
KI Incremental innovation size 1.25 1.25 1.25 1.25
KE Radical innovation size 2.50 2.50 2.50 2.50
i Incumbents’ R&D productivity shift parameter 6.9890 9.4504 10.3742 8.3962
wr Incumbents’ R&D productivity elasticity 0.8933 0.8933 0.8933 0.8933
nE Entrants’ R&D productivity shift parameter 0.8235 1.1018 0.9941 1.1921
wWE Entrants’ R&D productivity elasticity 0.8607 0.8607 0.8607 0.8607
“w Wage stickiness parameter 0.35 0.35 0.35 0.35
lole] Home bias in consumption 0.95 0.95 0.95 0.95
¢1 Home bias in incumbents’ R&D investment 1 0.90 0.85 0.95
o3 Home bias in entrants’ R&D investment 1 0.90 0.95 0.85

This table reports the parameters used in the four calibrations of the model, as outlined in Section 3. The
calibrations are annual and countries are symmetric in all calibrations. Calibration [1] is the economy
without technology spillovers; calibration [2]| is the economy with homogeneous technology spillovers;
calibration [3] features heterogeneous technology spillovers with incumbents using a higher share of foreign
goods; calibration [4] also features heterogeneous technology spillovers but with entrants using a higher
share of foreign goods. The numbers in bold highlight the parameters that are different in those four
calibrations.

Similar to Griining (2017), the volatilities of the productivity shocks o, and o, are pinned
down by requiring that the model matches an output growth volatility of 2.15 percentage
points and a cross-country output growth correlation of 0.51 across all calibrations. The
remaining parameters are set identically or pinned down similarly to Griining (2017).

Note that the annual versions of the quarterly parameters therein are used.

4 Results

This section discusses the simulated moments of the four aforementioned calibrations. The
model is solved in Dynare++ 4.4.3 using third-order perturbations around the stochastic
steady state. I use 1,500 simulations, and each simulation is 150 years long, from which

the first 50 years are not used to compute the moments. Table 2 reports country-specific
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moments and Table 3 international moments. The empirical moments in the “Data” col-
umn are from Griining (2017) for all quantities except innovation probabilities, which are

from Bena, Garlappi, and Griining (2016). Details on the data are given in these articles.

Looking first at the results of the benchmark calibration [1|, one can see that the model
matches well the average innovation probabilities of incumbents and entrants but re-
produces only about half of the observed volatilities of innovation probabilities, similar
to Bena, Garlappi, and Griining (2016). Moreover, the model counter-factually produces
a perfect correlation between incumbents’ and entrants’ innovation probabilities. The
volatilities of macroeconomic growth rates do not match the empirical counterparts pre-
cisely, but they are also not unrealistic. The average risk-free rate and equity excess returns
are well in line with the data, but the volatilities are too low. Turning to international
moments, the model is qualitatively in line with the negative correlation between net
exports and output. Moreover, it comes close to the empirical counterpart for exchange
rate growth volatility and the correlation between exchange rate growth and consump-
tion growth differentials (reconciling the Backus and Smith (1993) anomaly). The model
fails to produce a low uncovered interest parity coefficient. With the exception of out-
put growth, which is targeted in the calibration, the cross-country correlations of growth
rates are all a bit too high. Therefore, the model cannot explain the quantity anomaly of
Backus, Kehoe, and Kydland (1994). The cross-country correlations of the risk-free rates

and equity excess returns, however, are explained relatively well.

Next, homogeneous technology spillovers are included in calibration [2|. Relative to cal-
ibration [1|, country-specific moments do not change much. However, international mo-
ments are significantly affected. Net exports become slightly more counter-cyclical. Ex-
change rate growth volatility drops significantly, in line with the empirical evidence of
Gavazzoni and Santacreu (2015) that countries which trade more with each other dis-
play lower exchange rate variability. The Backus and Smith (1993) correlation increases
significantly to 0.72, further away from the empirical counterpart. Consumption growth,
R&D expenditure growth, expected consumption growth, and innovation probabilities
become more highly correlated across countries. The same holds for the risk-free rates,
whereas equity excess returns become slightly less correlated using the first definition of

the aggregate dividends and significantly less correlated using the second definition.

Comparing these results with the results of calibrations [1] and [2] in Griining (2017)
reveals that whether one chooses a heterogeneous innovation Schumpeterian endogenous
growth model or a homogeneous innovation expanding variety endogenous growth model
does not matter much for the moments of aggregate quantities, with and without tech-

nology spillovers.



Table 2: Country-specific macro quantities and asset prices

Moment Data  [1] 2] 3] [4]

Macroeconomic quantities

2.88 2.00 2.00 2.00 2.00
1.91 2.00 2.00 2.00 2.00

]
]

E[®'] 13.86 14.35 14.35 14.31 15.35
] 3.82 3.87 3.88 3.88 3.93

oany 215 215 215 215 2.15
oane 1.86 1.15 1.07 1.08 1.09
oan; 0.57 212 212 2.08 2.14
on;r 061 1.07 1.06 1.03 1.07
oaw 015 146 143 144 1.42
oans 293 441 435 428 4.37

ot 220 121 1.14 1.18 5.64
oge 0.56 0.24 0.23 0.27 0.50

o(Ei[Acit1]) — 061 057 054 0.62
O'(Et [Act+1])/a(Act) i 0.47 0.47 0.46 0.48
corr(E¢[Aci1], Ac;) — 083 0.86 0.83 0.83

corr(®', $F) 0.47 1.00 1.00 047 -0.22

Asset prices

E[r;] 168 193 189 189 1.95
o, 237 025 023 022 026

E[rlev — ] 3.07 226 243 226 2.36
Opeo_y, 1785 620 624 628 6.01

E[fe —r;] 3.07 165 1.72 1.68 1.66

a

Oftev 17.85 4.14 438 4.15 4.21

This table reports the simulated moments for country-specific macroeconomic quantities and asset prices
of the model outlined in Section 2 and the four calibrations [1]-[4] reported in Table 1. Specifically, the ta-
ble reports average log output growth IE[Ay]; average log consumption growth E[Ac]; average incumbents’
innovation probability E[®']; average entrants’ innovation probability B[®®]; the volatilities of log output
growth oa,, log consumption growth oa., log investment growth oa;, log labor growth oa;, log wage
growth o, log total R&D expenditure growth oas, incumbents’ innovation probability g1, entrants’
innovation probability o4x, and expected log consumption growth o(IE;[Ac,41]); the ratio of the volatility
of expected consumption growth to the one of realized consumption growth o(IE;[Aci11])/o(Act); the
correlation between expected consumption growth and realized consumption growth corr(IE¢[Acit1], Act);
the correlation between incumbents’ and entrants’ innovation probability corr(®, (i)E), the average risk-
free rate IE[r;]; the volatility of the risk-free rate o, ,; and, finally, the average levered market risk premium
and the volatility of the levered market excess returns for two definitions of the aggregate dividend given
in Equations (A.44) and (A.45), i.e. E[rl? —r¢], E[FleV —r/], Optew and ozeo .. Total R&D expen-
ditures in the home country are defined by S; .+ + Sgn: + Pi(Srs: + Sk.r.¢)- Market excess returns are
levered following Croce (2014) by computing ¢jey (rq —7¢) and @pey(7q —ry) with ¢pe, = 2. The moments
of the model and the data are annual. All moments in the table are reported in percentage points except
for o(E¢[Aci+1])/0(Act) and corr(IE[Acty1], Act).

—7’f7



Table 3: International quantities

Moment Data [1]  [2]  [3] [4]

E[Imports/Y] 11.27 1.78 3.67 3.30 4.04
E[Exports/Y] 9.24 1.78 3.67 3.30 4.04
corr(NX/Y,Y) -0.84 -0.21 -0.26 -0.39 0.10

one 6.47 412 1.66 1.22 283
-0.05 0.10 0.72 0.96 0.29
0.01 086 086 091 1.23

026 0.52 0.63 0.54 0.63
0.561 0.51 0.51 0.51 0.51
0.35 0.65 0.63 0.65 0.57

corr(Al,Al*) 0.33 0.56 0.55 0.60 0.50
corr(Aw, Aw*) 0.01 0.48 0.51 0.46 0.54

)
]
corr(Ac, Ac*)
)
)
?
corr(As,As*) 0.31 0.52 0.66 0.71 0.57
)
)
)
)
)
)
)

corr(Ay, Ay*
corr(Ad, Ai*

corr(E¢[Acy1], By [Act, 4 — 0.55 0.76 0.88 0.54
— 054 0.69 0.51 -0.20
— 054 069 0.19 -0.32

¥

corr(ry,r3) 0.64 052 0.59 0.63 0.54

corr(rlev —pp paltev — r$) 072 0.84 081 0.71 0.89

corr (71 — 1y, Fater ry) 072 064 045 0.57 0.52
*

— 099 1.00 1.00 1.00

This table reports the simulated moments for international macroeconomic and asset pricing quantities of
the model outlined in Section 2 and the four calibrations [1]-[4] reported in Table 1. Specifically, the table
reports the average total imports to output ratio of the home country E[Imports/Y]; the average total
exports to output ratio of the home country E[Exports/Y]; the correlation between the net exports to out-
put ratio with output of the home country corr(NX/Y,Y'); the volatility of exchange rate growth oa.; the
correlation between exchange rate growth and log consumption growth differentials corr(Ae, Ac — Ac*);
the average beta from uncovered interest parity time-series regressions E[Syrp| using the regression
equation Aeiyy = Byrp - (Ts’cf‘t"dle - r;:f“”dle) + &, where r?f‘t”dle = —log(E{[M;¢11]) and r;’f“”dle =
—log(IE¢[M} ;41]); and the cross-country correlations of log consumption growth corr(Ac, Ac*), log out-
put growth corr(Ay, Ay*), log investment growth corr(Ai, Ai*), log labor growth corr(Al, Al*), log wage
growth corr(Aw, Aw*), log total R&D expenditure growth corr(As, As*), expected log consumption
growth corr(E¢[Acyy1], E¢[Acf,,]), incumbents’ innovation probabilities corr(®', "), entrants’ innova-
tion probabilities COI“I‘(‘i)E, éE*), risk-free rates corr(ry, 7“;2), levered excess market returns in two variants
defined in Equations (A.44) and (A.45), i.e. corr(rlev — rp ritev — r}) and corr(7Lev — pp pilev — )
and of the pricing kernels corr(IM, M*). Total R&D expenditures in the home country are defined by
Sint+8sn:+Pi(Sr e+ Spse) and in the foreign country by S} ;, +Sg ¢, + (ST, +Shn.)/ P Market
excess returns are levered following Croce (2014) by computing ¢iey(ra — 7f) and ¢pey(7q — ry) with
@rev = 2. The moments of the model and the data are annual. Means and volatilities in the table are
reported in percentage points.

The interesting results of this paper emerge when technology spillovers are assumed to
be heterogeneous in calibrations [3] and [4]. The empirically more plausible calibration
[3], where incumbents’ R&D is more internationalized than entrants’ R&D, is discussed

first. Due to heterogeneous exposure to productivity shocks of both countries, incumbents’

7



and entrants’ innovation probabilities within a country are no longer perfectly positively
correlated. Specifically, the empirical counterpart of 0.47 is now matched exactly. Hence,
heterogeneous technology spillovers provide an endogenous mechanism to explain this
moderate correlation. Bena, Garlappi, and Griining (2016) introduce exogenous stochas-
tic barriers to entry to resolve this anomaly. Here, I provide an alternative, endogenous
explanation for this anomaly. Net exports are also the most counter-cyclical among all
calibrations matching the data best (the model-implied moment is -0.39). However, the
Backus and Smith (1993) correlation and the cross-country correlation of R&D expendi-

tures increase further.

Calibration [4] features a higher internationalization of entrants than of incumbents. In
general, this calibration matches the data worse than calibration [3]. The correlation
of incumbents’ and entrants’ innovation probabilities is -0.22. Net exports become pro-
cyclical in this calibration, but the Backus and Smith (1993) correlation is considerably

lower than in the case of homogeneous technology spillovers.

A brief discussion of how heterogeneous technology spillovers affect the international trans-
mission of shocks and thus why calibration [3] can match the empirically observed correla-
tion between incumbents’ and entrants’ innovation probabilities can be found in Appendix
B.

5 Conclusion

This study analyzes the general equilibrium implications of heterogeneity in the interna-
tionalization of R&D efforts. Specifically, incumbents and entrants undertaking incremen-
tal innovations and radical innovations, respectively, are subject to different home bias
parameters in bundling both countries’ final goods for their R&D investments. In line
with empirical evidence, it is assumed that incumbents face a lower home bias and thus
a higher degree of internationalization than entrants. This difference in the internation-
alization of R&D endogenously produces an empirically plausible moderate correlation
between incumbents’ and entrants’ innovation probabilities, it makes net exports more
counter-cyclical, as in the data, and it leads to a further counter-factual increase in the

correlation between exchange rate growth and consumption growth differentials.
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A Detailed Model Description and Deviations

The exposition of the model closely follows Griining (2017). In what follows, home country’s quantities

do not carry any superscript and foreign country’s quantities carry a superscript asterisk.

A.1 Households

The representative households in the home and foreign country have recursive preferences as in Epstein
and Zin (1989) and Weil (1990) over the utility flow u; and u}, respectively:

Ui = {(1 —B)(u) T + 8 (]Et [(Um)”])‘l’}u ; (A1)

v = {a-m ™+ (e J050 7))} (A2)

where v is the coefficient of relative risk aversion, 8 the subjective time preference parameter, =
(1—7)/(1 - i), and 1 the elasticity of intertemporal substitution. The households choose the amount
of the home final good )}, ; and of the foreign final good Yy, for consumption, and the amount of labor
L to maximize lifetime utility. The utility flows wu;, u; of both countries are given by:

1

ur = [r(€)' 7 + (L= (NPe V) —e (L = 1)) 7] T (A3)

1
I

;. (A4)

up = [r(C) 1 4+ (= 7) (V)P (N o(L — 1)) 7]
The parameter f determines the elasticity of labor supply, L denotes the total time endowment of house-
holds, and the parameter 7 determines the weight of consumption in the utility bundle. The Cobb—Douglas
aggregates (Q;)?C(QF)!~%C and (Q})?C(Q¢)*~9C of the aggregate quality of intermediate goods Q; and
@7 in the home and the foreign country, respectively, are a measure for the standards of living and in-
cluded in the definition of the utility bundles to ensure stationarity of the normalized equilibrium system.
The dynamics of Q; and @} are derived below in Section A.4. In the definitions above, the consumption

bundles Ct, Cf of both countries are given by:
- * * ¢> * 1_¢
Cr = (yh,t>¢c (yf,t)l be ) Ct = (yf,t) ¢ (yh,t) . (A-5)

Home bias in consumption is captured by assuming ¢c > 0.5. Market clearing conditions dictate that the
net output of each country’s final good available for consumption ), is allocated among both households
(see Equation (A.43) for the definition of net output):

yt = yh,t + y}’:,m yt* = y}k’t + yf’t. (A6)

My assumption of complete and frictionless financial markets for trading final goods across countries
implies that there is a complete set of Arrow-Debreu securities available to households in both countries.
The prices of these claims are denoted by Bii1(xt+1) where x¢41 is the state of the economy at time
t + 1. If a household holds one unit of Byy1(xt+1) between time ¢ and ¢ + 1, it receives one unit of the
home country’s final good if the economy is in state x;11 at time ¢ + 1 and zero otherwise. Country k’s

household’s holdings of these assets are given by A:11(xt+1). Therefore, the budget constraints of both
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countries’ households denoted in home final good units are given by:

Yhi + P Yrs + App1(xt+1)Bev1(xe41) = A+ = A+ Dot + WLy — Sp oy — S}f;,h,t, (A7)

Xt+1
Pty + Yo+ Af  (Xe+1)Beyi(xes1) = Af + PV = A] + P (D, + WieLf — S o — Seopt) -
Xt+1
(A8)

P, denotes the terms of trade or, equivalently, the price of the foreign final good in home final good units.

This price is determined by:
1= ¢c Y

P, = —_—,
! oc Vit

An important quantity in the international consumption allocation problem is the international consump-

(A.9)

tion allocation factor Z; measuring the relative performance of the home country to the foreign country.

It is determined by the following recursion:

1 1

M, N7 N\ 177

Zo= 70 11¢(“1/“1 1) (C/Cl) . (A.10)
Mtfl,t uy Juy_y Cr/C

Zy > 1 implies that the home country’s household currently consumes more than the foreign country’s
one and is thus relatively richer. Due to financial markets being complete, exchange rate growth Ae; is

pinned down by the following condition as in Colacito, Croce, Ho, and Howard (2017):
Aep = In(Mj ;1) = In(Myp41).
The solution to the international consumption allocation problem is given by:

ZidcYp s = (1= 9c)Vnts (A.11)
Zi(1 - ¢c)y}:t = dcVyit- (A.12)

The stochastic discount factors expressed in units of the utility flow implied by above preferences using

standard derivations can be expressed as:

1

_ 1 v
My =8 <Ut+1> ' Uena ) (A.13)
’ ut By [(Ur1)' )77 ’
M, =8 () T Vi ) (A.14)
t,t+1 w* . 1— 1% . .
t ]Et[(Ut+1) ] v

The stochastic discount factors expressed in units of the respective final good are:

OUty1/0Vh 141 M,y (Ut+1 ) ¥ (Ct+1 ) -1 (yh,t+1 ) -1
Ou/OVh 4 o Uy Cy Vht ’

1 1 -1
* * * = % 1—= *
MEoe — M autﬂ/ayf,tﬂ — M Uppr 7 t+1 ! yf,t+1
t,t+1 — t,t+1 - t,t+1 u* .
t

loc _
Mg = Mg+

du; [0V;, i Vi

The households choose their labor supply as if wages can adjust without frictions. However and following

Uhlig (2007), the total labor supply does not reach the market resulting in sticky wages. The wages,
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therefore, evolve as follows:
Wi = (W1 Qi/ Qi) (W) ™, Wi = (W,Qp/Qi )" (Wi ), (A.15)

where p determines the severity of wage rigidities, and Wy ¢, W, represent frictionless wages. In partic-
ular, = 0 implies the absence of wage rigidities. If the wage rate cannot adjust optimally, it is assumed
that it is indexed to aggregate economic growth, determined by the growth rate of the number of inter-
mediate goods @; and @, respectively. The dynamics of Q; and ()f are determined later in Section A .4.

The optimal consumption-leisure trade-off conditions are given by:

1- Ce \7 W, g 1ol
* 1- Ct % y*, * — -3
Wae = T¢CT (L —th) C];*t [(Qt)¢c (Qt)l ¢C]1 T (A17)

A.2 Final goods sectors

I closely follow Bena, Garlappi, and Griining (2016) in modeling the final goods sector, the intermediate
goods sector, and the R&D technologies. There is a representative perfectly competitive firm in the final
goods sector producing the respective final good using capital K, (K;), labor L; (L}), and a composite

of local intermediate goods G; (Gf) with technology:

v, = [0 @] et v = [t @] e (A.18)

where a € (0,1) is the capital share, & € (0,1) is the share of intermediate goods, and Q; = e**T
(QF = e**9) is a productivity shock with two components. First, the common or world shock z; affects

the productivity in both countries. It follows a strictly stationary AR(1) process:
z2t = przi—1 + €97 ey, e, ~ N(0, o?). (A.19)
Second, the two idiosyncratic shocks a; and aj are determined by similar processes:
Ay = Pati—1 + ¥4 eqy,  ay = paai_q + e¢3=t*1527t, EatsEqt ™ N(0,02). (A.20)

These three productivity shocks are mutually independent. Moreover, all three productivity processes are

subject to volatility shocks. These stochastic volatility shocks are induced by the following processes:

Yot = PoPrit—1 1 Ep 2ty Pat = PpPa,t—1 T Epat, @Z,t = psﬂ‘?:,t—l + sz;,a,tv (A.21)
where p,, is the common persistence of all stochastic volatility processes and the random variables €, . ;,
Epa,t, and €7 , , are independently and identically normally distributed with mean zero and variance af,.

I assume that in each country the intermediate goods sector is composed of a continuum of firms with
measure one indexed by i € [0,1] (I € [0,1]). Each intermediate goods sector firm (incumbent) in each

country produces a single intermediate good. The intermediate goods are aggregated according to:

v
1

1 . v 1 . s
Gy = [/ (Qi,t)l—E (xi,t)? di:| , G: = |:/ (q:t)l 1 (xzkt) vl (A.22)
0 0

14



where z;, (¢;:) and z;, (qf,) are the quantities (qualities) of intermediate good 7 and I produced in
the home and foreign country, respectively, and v/(v — 1) is the elasticity of substitution between any
two intermediate goods. The final goods sector only uses local goods and intermediate goods cannot be
exported to or imported from the other country.

The final goods firms take the pricing kernel of the respective country’s household in local units IMéof

and ]Mz;:ioc as given and choose investment I; (I}), labor L; (L}), next period’s capital K¢y (K ), and

the quantity of each intermediate good i (1), x;, (z],), to maximize their values:

max Eo
{It7Lt,Kt+1;93i,t}

> M;;;?CD;] . (A.23)

oo
§ IMf)"thl , max E,
t=0 Iy,Ly, K t=0

» .
i€[0. N5t 20 HUPLES o NF 0

where dividends are given by:

1 1
D, =Y, -1, - WL, — / Digidi, Df =Y I —W/L; — / P2l dl, (A.24)
0 0

and where the price of intermediate good 4 (I) at time ¢ is denoted by p;, (p;,). Capital accumulates
according to:
It * * I;ﬁk *
Kigi=1-6Ki+A|— | Ky, =1 =0)K +A| — | K{, (A.25)
K; K
where the capital depreciation rate is given by J, and the convex capital adjustment cost function is

specified as in Jermann (1998). The resulting equilibrium conditions for the home country are given by:

Wil = (1 — a)(1 — &)Y, (A.26)
1-8Y:1 — 1 A 1-—
1=, [Méotcﬂl\i (a( Y1 — L i t+1-/i- 5)} ’ (A.27)
’ K At+1

a-9v o4

v—1

zia = €77 (K2 (L)' ™) 7 G b (A.28)
The equilibrium conditions of the foreign country are straightforward to write down since they are equiv-

alent to the ones above.

A.3 Intermediate goods sectors and R&D technologies

There is a monopolistically competitive intermediate goods sector in each country, in which a continuum
of incumbent firms produces intermediate goods for the respective final goods sector. Each incumbent
can invest in R&D to obtain an incremental innovation to increase profits from its monopoly. At the same
time, entrants deploy R&D giving them a chance to displace an incumbent by inventing a radically better
product. If neither an incumbent nor an entrant innovates on a particular product line, it is assumed
that this intermediate good’s quality depreciates in order to capture patent obsolescence and decreasing

monopoly profits over time.

A.3.1 Incumbents

At any point in time ¢, intermediate good ¢ (I) is produced by an incumbent firm which holds a fully

enforced patent on the intermediate good. Incumbents need one unit of the final good to produce one
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unit of its respective intermediate good. Incumbent 4 (1) in the home (foreign) country sets the price p; ,

(p;,) to maximize its profits:

* * * *
Tt = max {pi,txi,t - xi,t}’ T = mMax {pl,txl,t - xl,t} ) (A'29)
Pit pl*t

taking the demand schedule z;, (z],) for intermediate good ¢ (I) as determined by the final goods firm

as given, i.e. Equation (A.28). The optimal prices are given by:
Pit =V, pzt =v. (A30)

This, in turn, implies that the demand of intermediate goods and the profits are identical across inter-

mediate goods, i.e. z;; = x¢, T, = X7, piy = M, and pj, = 7]

At each date t, the incumbent firm can improve its product quality by investing in R&D. To capture
technology spillover, the incumbent firm uses both the home and the foreign country’s final good in its
innovation technology. If the home incumbent spends s; , ; +g;,; units of the home country’s and sy s ; ¢, + of
the foreign country’s final good on R&D to improve its intermediate good with quality g; ¢, the probability
of a successful incremental product innovation by this incumbent is equal to ®'(s;;,), where:

1—

(I)I(Sl,i,t) =T (sl,i,t)wl > Srit = (Sl,h,i,t)¢l (Sl,f,z',t) o

A successful incremental innovation by incumbents creates a patent to intermediate good ¢ with quality
K1q; ¢, where 1 > 1. Hence, the quality produced (and profits) of the incumbent increases by a factor of
k1 — 1. The total amount of R&D expenditure of home and foreign country’s final good by incumbent

firms in the home country is:

1 1
SI,h,t :/ SI,h,i,zqz‘,tdi7 Sz,f,t =/ SI,f,i,tqi,tdi- (A~31)
0 0

Similar expressions hold for the foreign incumbents. In particular, innovation probability, R&D expendi-

ture bundle, and aggregate R&D expenditures are given by:

1 1
I/ % _ * w1 * _ * o1 * 1-¢1 * _ * * * _ * *
(s pue) =m (Sf,f,l,t) »S1 e = (Sf,f,l,t) (Sl,h,z,t) STpe = 81 i dl, STy = 51 ne Al
0 0

Due to the equality of prices and quantities across all firms in the intermediate goods sector and con-
centrating on the linear balanced growth path equilibrium, the value of any incumbent in the respective
country is also identical and equal to the patent value of producing any intermediate good of the respective

country. The values of any incumbent in the home and foreign economy are given by:

= max {7 = stne = Pos o + BulMIE o (@ (sp0m + (1= @ (s1,) = 8 (s5,0)(1 = k) )]}
SI,h,t>SI,f,t
(A.32)
* * * S*, s x,loc % * * X *
Uy =, max {Wt — St ;Lt + Et[Mt,t+1vt+l ((I)I(Sl,t)nl + (1 - CDI(SI,t) - (DE(SE,t))(l - ”D))]} )
{SI,f,t’SI,h,t} t
(A.33)

where kp is the probability that the quality of the intermediate good depreciates, i.e. it captures patent
obsolescence, and where ®*(sp,) and @E(sgt) are the innovation probabilities of entrants in the home

and foreign country, as will be detailed in the next section. Due to the displacement effect, innovations
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by entrants have a negative effect on the incumbent value. The resulting equilibrium conditions are given
by:

s s
1= (@Y (s1.)er Z (ki — ) B [MiF o], Po= (@Y (s10)(1 - 1) 2 (ki — hip ) B [MUF o],
I,h,t I,f.t
(A.34)
* 8*7 x,loc % 1 * 8*7 x,loc %
1= ((DI),(SI,t)¢I *I - (k1 — kp)Ey [Mt,'t+1vt+1]a P, = (q)l)/(sl,t)¢1 *I : (kr — kp)Ey [Mt,t+1vt+1]'
SIfpt t SI,ht

(A.35)

A.3.2 Entrants

There is an infinite supply of atomistic entrants in each country which deploy R&D in order to invent a new
intermediate good. To capture technology spillovers, entrants in each country use both the home and the
foreign country’s final good in their innovation technologies. If all entrants in the home country together
spend Sg 5.:+4G;+ units of the home country’s final good and sg 7, .¢;. units of the foreign country’s final
good on R&D, the probability with which a home entrant makes a discovery is @E(sE”) =85 P%(8p.44),
where:

‘I’E(SE,i,t) =1TE (SE,i,t)wE_l , SE,i,t = (SE,)L,i,t)¢E (SE,f,i,t)1_¢E ,

where the functional form of ®F(-) is chosen as in Kung and Schmid (2015). The function ®®(sg ;) is
taken as given by the atomistic entrants in the optimization problem (A.37). This captures a congestion
externality and the fact that many entrants are likely to try out similar ideas in research. Thus, they are

“fishing out of the same pond”.

Equivalently, one obtains for the foreign country’s entrants that if all entrants in the foreign country
together spend s7, g/, units of the foreign country’s final good and sy, , g/, units of the home coun-
try’s final good on R&D, the probability with which a home entrant makes a discovery is @E(s};lt) =

* E * .
551 PF(8%,.,), where:

(I)E(S::,z,t) ="MNEe (Sz,l,t)WE_l ) S*E,L,t = (S*E,f,l,t)d)E (Sjr::,h,l,t)l_q5E )

where, again, the function ®F(-) is taken as given by the atomistic entrants in the optimization problem

(A.38). Aggregate R&D expenditures by entrants in both countries are given by:

1 1 1 1
SEht Z/ $8,hi,tqi,e Al Sp f 0 Z/ $g,f,i,qi,0d1, S 4 Z/ S 50690l SE Z/ S n1e 1Al
0 0 0 0
(A.36)

A successful radical innovation of an entrant creates a patent to intermediate good ¢ with quality krg; .
(keq/,), where kg > k1 > 1. The respective incumbent cannot compete with this radically better product

and has to exit the market.

Potential entrants in both countries enjoy free entry to the R&D technology. Due to symmetry, the
optimization problem for all entrants are identical. Thus, they maximize the net present value of future

profits achieved if they become incumbents:

max  {sp,® (55 )wpE M vi1] = spae — Pisp g} (A.37)
{sE,ht:5E 1t}
1
xR DB M ]~ 5 e (4.39)
{SE,f,t’sE,h,t t
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The first-order conditions of these optimization problems are given by:

S S
1=3%(sp,) o SEE: kpB My ves],  Pr= % (sp,) (1 — ¢E)SEE: R M vea], (A.39)
yhit fot
* S*, *,loc 1 * S*, *,loc
1=®%(sy,) o 75;?;,5 relE My ve4a] B PF(sh,)(1 — o) SEE; relE My v - (A.40)

R&D expenditures of potential entrants are thus chosen such that the marginal benefits of R&D are equal

to the marginal costs.

A.4 Technology capital and resource constraints

The aggregate quality of intermediate goods or patents in each country represent the technology capital

in the economy. Aggregate quality in the home and the foreign country is defined as follows:

1 1
Qi = / Gudi,  QF = / gt dl. (A1)
0 0

Sustained economic growth is achieved by growth in the quality of intermediate goods. The dynamics of

aggregate technology capital growth are determined as follows:

Qi11 Qi1
Q¢ Qr

= kp + (k1 — kp)P' (s1,¢) + (kg — HD)@E(SEJ)? = kip + (k1 — ”D)‘I)I(S?,t) + (kg — HD)@E(Sz,t)
(A.42)

The growth rates thus depend exclusively on the level of R&D expenditures by incumbents and entrants.

To close the model, resource constraints in both countries need to be specified. Net output of the home
good Yy, which is available for both households’ consumption, is final good output minus capital invest-
ment, final good input to production in the intermediate goods sector, and total R&D expenditures.
Similarly, this holds for the net output of the foreign good );. Hence, these net output quantities are
pinned down by:

Ve=Yi—Li—=NeXe —Stne =St = Sent —Sppe Vi =Yy L =N Xy =57, =S150—55 ;.= Sps1-
(A.43)
As each economy is growing, solving for the equilibrium requires normalizing of the growing real quantities

by technology capital in order to make them stationary.

A.5 Definition of equilibrium

The decentralized equilibrium in this economy consists of (i) time paths of the net output available
for consumption and the allocation of final goods for consumption {yt,yf,t,yh,t,y;,y;ﬁt,y;;’t}gzg%
(ii) time paths of consumption levels, utility bundles, final goods firm’s dividends, physical capital,
and investment {Cy,us, Dy, Ky, I, Cf ,uf, Dy, K, I Yi=5°; (iii) time paths of technology capital growth
{Qt+1/Qu, Q7 41/ Q7 HZF; (iv) time paths of R&D expenditures {s; ., Sp,, Srnes St 1,65 Soonts Sk ST
550057 503 ST s St SE.pati=o"s (v) time paths of intermediate goods’ prices, aggregate profits of in-
cumbent, aggregate quantities of intermediate goods, and incumbent value functions {ps, IT;, X¢, ve, p, II},
X, v =805 (vi) time paths of wages, labor, and pricing kernels {W,, Ly, My 441, Mtlfﬁ_l, Wi, Ly, My q,

Mt* tlf;i }=5°; and (vii) time paths of the international consumption allocation factor and the terms of trade
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{Z;, P,}{=8°, such that (a) the representative households maximize lifetime utilities (A.1) and (A.2) sub-
ject to the definitions of the consumption and utility bundles (A.5), (A.3), and (A.3), as well as their
budget constraints (A.7) and (A.8) by optimally choosing the allocation of final goods via trading in
Arrow—Debreu securities and by optimally choosing their labor supply (Equations (A.10), (A.11), (A.12),
(A.16), and (A.17)); (b) the final goods firm maximizes the present value of future dividends (A.23) by
choosing labor, capital investment, next period’s capital, and the demand for intermediate goods (Equa-
tions (A.26), (A.27), and (A.28)) subject to the definition of its dividends (A.24) and the Equation (A.25)
for capital accumulation; (c) incumbents and potential entrants maximize present values of their future
net profits stated in Equations (A.29), (A.32), (A.33), (A.37), and (A.38) by choosing the monopoly price
and R&D expenditures, respectively (Equations (A.30), (A.34), (A.35), (A.39), and (A.40)); (d) the wages
follow dynamics given in Equation (A.15); (e) the pricing kernels are determined by Equations (A.13)
and (A.14); (f) the terms of trade obey (A.9); and (g) the final goods markets clear (Equations (A.6)
and (A.43)), given the vector of endogenous state variables {Q;, Q7 }, whose dynamics are determined by
Equation (A.42), and the vector of exogenous state variables {z, a;, a}, ¢2.t; Pa.t, gpz’t}, whose processes
are stated in Equations (A.19), (A.20), and (A.21).

A.6 Asset prices

Using the stochastic discount factors, every payoff stream can be priced. I will price a claim on the
aggregate dividend, which is defined by the sum of the profits of the final goods and intermediate goods

sector in each country. Therefore, the aggregate stock market value in the home country is given by:
Da,t = Dt + Ht - SI,h,t - PtSI,f,ta Va,t = Da,t + Et[Mi?f+1Va,t+1]' (A~44)

Alternatively, I also define the aggregate dividend as the net payout of the final goods sector, the inter-
mediate goods sector, and the innovation sector, giving rise to the following definition of the aggregate

stock market value:

Dyi =D+ — Srpe — PiStpe — Sene — PeSe pas ‘7a,t = 5a,t + I, [Mé,of+1‘~/a,t+1]~ (A.45)

The intuitive reason behind the difference in these two definitions has to do with the fact whether one
considers R&D expenditures as supplied by the households (inventors are not employed by the existing
firms) or as supplied by the productive firms in the economy (inventors are employed by the existing
firms). The first definition is consistent with the first intuitive notion, whereas the second definition is

consistent with the second intuitive notion.

Therefore, log returns of the aggregate stock market in the aforementioned two variants, and the risk-free

rate, implied by a bond that pays one unit of the domestic final good the next period, are defined by:

Va ~ ‘7& oc
Tat+1 = log <Vt—t;;t> ,  Taiy1 = log (ff”ﬁl) ;o Trpe=—log (Et[Mi,tH]) .
a, a, a,t — a,t

s

Similar definitions hold for the foreign country. In particular:

St
* * * * ,fyt * * *,loc v 7%
Da,t - Dt + Ht - Sl,f,t - P, s Va,t - Da,t + Ey []Mt,t+1 a,t+1]7
* *
l"j* - D* —|—H* g* Sl,h,t g* SE,h,t ‘7* _ l"j* E M*,loc 7%
at — Mt t — RPIft 2 T REft P, ) a,t — Ha,t + t[ tt+1 a,t+1]7
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Finally, I also need the risk-free rates implied by a one-period bond that pays one unit of the consumption
bundle Cy = (Vn,1)?¢(Vy,.)' ~¢¢ and C;f = (V;,)%¢ (Vi)' ?C in the home country and in the foreign

country, respectively, for the uncovered interest rate parity regressions. Hence, I let:

rindle = —log (I [My4a]), ™ = —log (E:[M},14]) - (A.46)

B Impulse Response Functions

This appendix contains the impulse response functions of major macroeconomic quantities and asset
prices of the home country in response to a home productivity shock and a foreign productivity shock,
respectively, for all four calibrations reported in Table 1. I depict them here for completeness, as the dis-
cussion in the main text is centered around the simulated moments. However, to understand the origins
of the effects of homogeneous and heterogeneous technology spillovers it is instructive to have a look at
the impulse response functions as well. Specifically, Figure 1 depicts the impulse response functions of
the incumbents’ innovation probability, the amount of home goods used in the home incumbents’ R&D
expenditure bundle, and the amount of foreign goods used in the home incumbents’ R&D expenditure
bundle. Similarly, Figure 2 depicts those quantities for home entrants instead of home incumbents. Next,
Figure 3 depicts the impulse response functions of the pricing kernel, the terms of trade, and the in-
ternational consumption allocation factor. The impulse response functions of exchange rate growth and
expected consumption growth are depicted in Figure 4. Figure 5 contains the impulse response functions
of the home consumption bundle, the amount of home goods used in the home consumption bundle, and
the amount of foreign goods used in the home consumption bundle. Finally, Figure 6 depicts the impulse

response functions of labor, capital investment, and wages.

The following brief discussion sheds light on how heterogeneous technology spillovers affect the interna-
tional transmission of shocks and thus why calibration [3] can match the correlation between incumbents’
and entrants’ innovation probabilities observed in the data. Figures 1 and 2 are the key to understand-
ing this. A lower home bias in the R&D bundle of an innovating firm (incumbents or entrants), i.e. a
higher internationalization of R&D efforts, leads to home and foreign productivity shocks affecting the
innovation probability of this innovating firm more similarly. In the case of the absence of technology
spillovers or in the case of homogeneous technology spillovers, both home and foreign productivity shocks
have exactly the same effect on the innovation probabilities of both incumbents and entrants. However, in
calibration [3] incumbents’ innovation probability reacts less positively to home productivity shocks and
more positively to foreign productivity shocks. The opposite is observed for entrants, where foreign pro-
ductivity shocks now even negatively affect the innovation probability. This breaks the perfect correlation
between incumbents’ and entrants’ innovation probabilities and is also behind the other observed effects.
In calibration [4], we observe the opposite direction of effects. Hence, we also observed the opposite effects
in the moments. The negative correlation between incumbents’ and entrants’ innovation probabilities is
a consequence of incumbents’ innovation probability now decreasing in response to foreign productivity
shocks, which leads to the observed negative correlation since entrants’ innovation probability responds

strongly positively to foreign productivity shocks.

Net exports become more counter-cyclical when incumbents’ R&D expenditures are more international-

ized than entrants’” R&D expenditures, but even slightly pro-cyclical when entrants R&D expenditures
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are more internationalized than incumbents’ R&D expenditures. An inspection of the impulse response
functions, depicted in Figures 1 and 2, reveals why. Looking at the impulse reponse function for the
quantity s; ., the import of the foreign good for home incumbents’ R&D expenditures increases a lot
in response to a foreign productivity shock when the home bias parameter in the incumbents’ bundle is
low, as in calibration [3]. However, the positive impact is much smaller when the home bias parameter is
relatively high, as in calibration [4]. The difference in the responses for the import of the foreign good for
entrants’ R&D is not as pronounced as for incumbents’ R&D. Since the effect of shocks to incumbents’
R&D expenditures on economic growth are also bigger due to the absence of the creative destruction
effect, the increased (decreased) counter-cyclicality of incumbents’ R&D expenditures mainly drives the
increase (decrease) in the correlation between the net exports to output ratio and output in calibration
(3] (14])-

The intuition behind the differences in the correlation between exchange rate growth and consumption
growth differentials can be extracted from an inspection of Figures 4 and 5. Using the impulse response
function for the normalized consumption bundle C;/[QYC (Q})'~%C] reveals that the consumption growth
differential reacts most positively in calibration [1], since the home consumption bundle reacts highly pos-
itively to home productivity shocks and slightly negatively to foreign productivity shocks. At the same
time, exchange rate growth decreases in response to home productivity shocks and increases in response
to foreign productivity shocks. Hence, country-specific productivity shocks induce a negative correlation
between exchange rate growth and consumption growth differentials. Together with the common pro-
ductivity shocks, one obtains a Backus and Smith (1993) correlation of only 0.10. The response of the
consumption growth differential is similar in calibration [3], but exchange rate growth behaves oppositely
to the behavior in calibration [1]. Hence, country-specific productivity shock induces a positive Backus
and Smith (1993) correlation. Together with the common productivity shocks, the correlation reaches
0.96 in calibration [3]. The response of exchange rate growth in calibration [2] is similar to the one in
calibration [3], but the consumption growth differential reacts less positively in calibration [2] than in
calibration [3]. This explain why one sees a slightly lower Backus and Smith (1993) correlation in calibra-
tion [2], relative to calibration [3]. The Backus and Smith (1993) correlation is much lower in calibration
[4], namely only 0.29. The response of the consumption growth differential is comparable to the response
in calibration [3]|, but exchange rate growth increases (decreases) significantly less in response to home

(foreign) productivity shocks, explaining this relatively low correlation in calibration [4].
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