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Motivation - United States in the Late 1970s
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“Foreign competition in the technology intensive industries poses a more seri-
ous threat to our country’s position in the international marketplace than ever
before in our history.”x John P. McTague (1985)a

aAssociate Director of the Office of Science and Technology Policy of the
Reagan Administration.
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“ ... these industries are dominated by a few nations and firms so that com-
petitive advantage brings significant economic profits and political influence.
Thus, if the United States becomes a net importer and a technically inferior pro-
ducer, it would also become a less independent, less influential and less secure
nation.”

U.S. Council of National Security (1986)Akcigit, Ates, Impullitti (2017) 2



Make America Great Again!

Introduction of federal
R&D tax credit (ERTA)
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...And Again: State-level R&D Tax Credit
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State-level R&D tax credit policies were also enacted.
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R&D Policies in Other Countries

Introduction of R&D
tax credit (ERTA)

Changing the base
calculation
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Motivating Questions

I What are the welfare effects of industrial policies in an open
economy with foreign technological competition?

I Managing international competition:
I Protectionism as a response to foreign technological catching up
I R&D subsidies as an alternative response to foreign catching up

I How do the answers depend on the policymaker’s horizon?

Akcigit, Ates, Impullitti (2017) 6



To Answer These Questions...

I Model:
I Open economy DGE model with endogenous technological

progress
I Two large economies subject to trade frictions
I Step-by-step innovation with strategic interaction
I Endogenous entry-exit
I Transitional dynamics: important for policy horizon

I Quantitative analysis

Akcigit, Ates, Impullitti (2017) 7



Main Mechanism in the Model
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Main Mechanism in the Model

Retaliation:
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Main Mechanism in the Model

R&D Subsidy:
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Preview of the Results

1. Static effects:
I Protectionism could benefit firms (and the overall welfare) by

keeping the profits in the country.

2. Dynamic effects:
I Catching up: more innovation through escape competition and

through technology transfer
I Protectionism: less innovation less technology sourcing

3. Protectionism yields welfare gains in the short run (10 yrs.) but
large long-run losses

4. R&D subsidies is the dominant policy for long-sighted policy
makers

5. Policy complementarity: lower trade barriers imply lower optimal
subsidy

Akcigit, Ates, Impullitti (2017) 10



MODEL
Part 1. Static Environment

Akcigit, Ates, Impullitti (2017) 11



Preferences

I There is a representative household in each country:

Uc(t) =

∫ ∞

t
exp(−ρ (s− t))C1−ε

c (s)− 1
1− ε ds. (3)

I Household owns: fixed factor (Lc = 1) and assets of domestic
firms (Ac)

I Budget constraint

rc(t)Ac(t) + Lcωc(t) = Cc(t) + Ȧc(t) + Tc(t), (4)

I Asset markets
Ac(t) =

∫ 1

0
(Vcj(t) + Ṽcj(t))dj.

Akcigit, Ates, Impullitti (2017) 12
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Final Good

I Final good in country c produced with technology

Yc =
Lβc

1− β

∫ 1

0
qβc′jk

1−β
c′j dj, where c′ ∈ A,B (5)

I Lc: Labor, fixed factor, immobile, normalized to 1.
I j ∈ [0, 1]: intermediate variety.
I qcj: quality of variety j in country c
I kcj: amount of variety j used.
I Highest quality good (adjusted for trade cost) is purchased.

Akcigit, Ates, Impullitti (2017) 13



Intermediate Goods

I In each j, one firm per country competing for leadership à la
Bertrand.

Tech. Leadership in j =





A is leader,
B is leader,

Neck&Neck,

if
if
if

qAj > qBj
qAj < qBj
qAj = qBj

I Qualities evolve through innovation and spillovers (to be
explained later).

I Intermediate goods are produced at the marginal cost of η in
terms of final good.

I Selling abroad has export cost κ.

Akcigit, Ates, Impullitti (2017) 14



Intermediate Good Decisions I

I Final Good producer’s maximization gives

pj = qβj k−βj .

I Intermediate good producer’s maximization problem when
selling to domestic market

Π
(
qj
)

= max
kj≥0

{
qβj k1−β

j − ηkj

}
.

Akcigit, Ates, Impullitti (2017) 15



Intermediate Good Decisions I

I Final Good producer’s maximization gives

pj = qβj k−βj .

I Intermediate good producer’s maximization problem when
exportingto domestic market

Π̂
(
qj
)

= max
kj≥0

{
qβj k1−β

j − (1 + κ)ηkj

}
.
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Intermediate Good Decisions II

I Equilibrium domestic profit is:

Π
(
qj
)

= πqj,

where π ≡
(

1−β
η

) 1−β
β
β.

I Equilibrium profit from selling abroad is:

Π̂
(
qj
)

= π̂qj,

where π̂ ≡
(

1−β
(1+κ)η

) 1−β
β
β.

Akcigit, Ates, Impullitti (2017) 16



Export vs Import Decisions

I Country A exports in sector j iff

qAj

qBj
> 1 + κ

I Country A imports in sector j iff

qBj

qAj
> 1 + κ

Akcigit, Ates, Impullitti (2017) 17



Static Implications of the Model

Proposition 1. Consider the static environment described above. The static
change in income in the open economy relative to autarky is determined by the
following forces:

1. an increase in profits from generating additional profits from exports due
to higher market size;

2. a decline in profits from destruction of profits of laggard firms;
3. an increase in wages from higher labor productivity through transfer of

technology.
The combined impact of these forces is ambiguous.

Akcigit, Ates, Impullitti (2017) 18



Decision to Trade
profits

πq

product
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Impact of Openness on Profits and Wages

Innovation and Trade Policy in a Globalized World

Thus, the comparison between incomes in autarky and the open economy boils down to the
comparison of ∫ 1

0
qcjdj and

(
1 + (1 + κ)

− 1−β
β

) ∫ 1

0
Iqcj>q̂∗j qcjdj

determining the profit component, and to the comparison of

∫ 1

0
qcjdj and

∫ 1

0
Iqcj>q̂∗j qcjdj + (1 + κ)

− 1−β
β

∫ 1

0

[
1− Iqcj>q̂∗j

]
q̂∗j dj

determining wages. Figure 9 illustrates these comparisons. As in Figure 8, solid lines determine
the domestic technology frontier whereas dashed lines show the iceberg cost-adjusted levels of
these frontiers that emerge when engaging in trade. The left panel shows the product lines
and the associated qualities that determine aggregate profit income for the home country in an
open world. The right panel shows the technology frontier that determines the domestic labor
productivity.

quality, q

product
line, j

H1

H2

H1’

H2’

F1

F2
F1’

F2’

0 1

H1+H1’

(a) Effect on profits

quality, q

product
line, j

H1

H2

H1’

H2’

F1

F2
F1’

F2’

0 1
(b) Effect on wages

Figure 9: Static effects of openness

First, compared to the state of autarky, the open economy allows relatively more productive
firms to sell to a larger market, by providing the opportunity to export. This positive effect of
market size on aggregate income is evident from the first component in equation (20), as profits of
leading firms increase proportionally by π∗. This increase corresponds to the upward expansion
of the red line in Figure 9a, determined by the additional income from exporting. Note that the

31

Akcigit, Ates, Impullitti (2017) 20



MODEL
Part 2. Dynamic Environment

Akcigit, Ates, Impullitti (2017) 21



Intermediate Goods

I Qualities evolve through innovation and spillovers.

I Successful innovation generates quality jumps btw. t and t + ∆t :

qcj (t + ∆t) = λkqcj (t)

where λ > 1, c ∈ {A,B} .

I k ∈ N+ is a random variable

Akcigit, Ates, Impullitti (2017) 22



Quality Dynamics
I If nc (t) =

∫ t
0 k(s)ds is the number of quality jumps up to time t

qcj (t) = λnc(t).

I Technology gap between A and B in j
qAj

qBj
=
λnAj

λnBj
= λnAj−nBj ≡ λmAj

I Assumption. Max gap is m̄ =⇒

mc ∈ {−m̄,−m̄ + 1, ..., 0, ..., m̄− 1, m̄} ,where c ∈ {A,B}

I F(k) is a distribution such that:
I multiple step jumps are less likely: increasing difficulty
I Backward firms more likely to multiple jumps: advantage of

backwardness [à la Gerschenkron (1951)]
details

Akcigit, Ates, Impullitti (2017) 23



Step Jump Distribution, F(k)
Innovation and Trade Policy in a Globalized World

F

gap size
−m̄ + 1 m̄

F(n) = c0(1 + φ)−n

= F−m̄(n)

−m̄ + 1 m

A

m̄m + 1

A

Fm(n) ∀n ∈ [m + 1, m̄]

(a) Benchmark

F

gap size

−m̄ + 1 m̄

−m̄ + 1 m

A

m̄m + 1

A

Fm(n) ∀n ∈ [m + 1, m̄]

(b) At position m

Figure 7: Probability mass function for new position

equip the model with enough flexibility to replicate the catch-up process found in the data.17 The
treatment of A (m) in the derivation of position-specific distributions serves the same purpose.
An alternative could involve an equal distribution of the truncated probability A (m) across
potential positions {m + 1, ..., m̄}. This alternative would imply a relatively fatter right tail in
Fm (n), thus higher chances of climbing up the position ladder. However, this structure would
favor the U.S., most of whose firms are technological leaders in their products, more than the
foreign countries, whose firms are lagging in most product lines. Even though a laggard firm can
close the gap by a few steps, a leading firm in this alternative setup could easily open up the gap.
This happens because, for a leading firm, equally distributing A (m) across a few better positions
the firm has ahead means higher chances of quickly reaching these positions again. Given that,
in the data, the initial leadership distribution is strongly in favor of the U.S., this advantage for
the leading firms would result in a shift of the distribution towards larger gaps, operating against
the convergence process in the data.

The resulting law of motion for the quality level of an incumbent from A that operates in
product line j at position m (−m̄) can be summarized as follows:

17Note that this specification approaches to the standard step-by-step model as φ→ ∞.

17
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Innovation by incumbents and entrants

I Incumbents:
C
(

xc
j ; qj

)
= qjαc

(
xc

j

)γc
.

I zc
j : R&D investment

I xc
j : Poisson arrival rate:

I Entrants:
C
(

x̃c
j ; qj

)
= qjαc

(
x̃c

j

)γc
.

I Directed entry

I Drawing from same step-size distribution of domestic incumbent
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Illustration of the Innovation Dynamics
Suppose the follower in line 2 innovates.

Scenario 3: It leapfrogs.
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Illustration of the Innovation Dynamics
Suppose the follower in line 2 innovates.

I Scenario 1: It closes the gap, but remains follower.
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Illustration of the Innovation Dynamics
Suppose the follower in line 2 innovates.

I Scenario 2: It catches up.
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Illustration of the Innovation Dynamics
Entry leads to similar dynamics ...

I ... but forces the domestic incumbent to exit. It leapfrogs.
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Value Functions

rAtVAmt (qt) − V̇Amt (qt) = max
xAmt

{
Π (m) qt −

(
1 − τA

)
αA

(xAmt)
γA

γA
qt

+ xAmt

m̄∑
nt=m+1

Fm (nt)
[
VAnt

(
λ(nt−m)qt

)
− VAmt (qt)

]
+ x̃Amt [0 − VAmt (qt)]

+
(
xB(−m)t + x̃B(−m)t

) m̄∑
nt=−m+1

F−m (nt)
[
VA(−nt) (qt) − VAmt (qt)

]
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Quantitative Analysis
Part 1. Estimation
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Calibration strategy
I 17 parameters to be determined, 7 are estimated

I 6 statistics on trade, growth, and innovation over 1975-81 ...
I and the leadership distribution in 1981.

I Initiate the model in 1975 feeding in the leadership distribution
and simulate until 1981

Table: Model fit
Moment Estimate Target Source

1. TFP Growth U.S. 0.45% 0.55% Coe et al. (2009) 1975-81
2. TFP Growth FN 2.13% 1.82% Coe et al. (2009) 1975-81
3. R&D/GDP U.S. 1.65% 1.75% OECD 1981
4. R&D/GDP FN 1.85% 1.96% OECD 1981
5. Entry Rate U.S. 10% 10% BDS 1977-81
6. Export Share U.S. 7.11% 7% WB 1975-81
7. Patenting Distribution n/a n/a See next slide.
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Identification: Evolution of Sector Shares
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Model replicates adverse shift of leadership distribution toward
smaller gaps over 1975-85.
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Validation I: Steady-state Innovation Distribution
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Figure. Data (left) vs Model Simulation (right)

In our simulation, m∗ ≈ 10.
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Validation II: Implications on Entrant Innovation

Innovation and Trade Policy in a Globalized World
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Figure 12: Entrant innovation intensity

the decisions of firms to innovate and to enter the export market. They found that these two
decisions are highly correlated, that is firms entering the export market are more likely to also
speed up their investment in R&D. Lileeva and Trefler (2010) find that Canadian plants that were
induced by the U.S. tariff cuts to start exporting (a) increased their labor productivity, (b) engaged
in more product innovation, and (c) had higher adoption rates for advanced manufacturing
technologies.

Foreign catching up. Improvements in a country’s trade partners’ technology is a mode of
globalization that has received less attention in the literature than the reduction of trade and
offshoring barriers. We now explore the impact on a country’s welfare of foreign technological
catching up. First, Figure 13 shows the resulting behavior of profits along the transition for the
1975-1981 period. Profits generated by each countries’ leading firms show a clear convergence
trend. This is driven by the international business-stealing effect, whereby foreign firms progres-
sively capture leadership in more markets and formerly collected profits by the U.S. firms are
now collected by the foreign firms. This business-stealing effect is crucial in shaping the welfare
effects of foreign catching up to which we turn next.

For understanding the welfare effects of foreign convergence it proves useful to create a
counterfactual economy where we shut down foreign business stealing. In this new setup foreign
firms are allowed to innovate, however, whenever the step size of a new innovation allows them
to steal the market of the U.S. competitor, we exogenously assume that the step size can only get
close to the highest level that avoid capturing the profits of the competitor. For example, suppose
a foreign incumbent serves only its domestic market, and to export, it needs to open the gap
size between itself and its U.S. competitor by three gaps. Suppose this foreign firm receives an
innovation that would make it jump four steps. In this case, we bound the step size to two so
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Quantitative Analysis
Part 2. Welfare Implications and Optimal Policy
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Welfare Effects of Catching-Up

Innovation and Trade Policy in a Globalized World
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Figure 16: Consumption equivalent welfare

Although U.S. policy makers went in the right direction by increasing the subsidy rate as for-
eign catching up was accelerating in the 1980s, they did not go far enough. The optimal subsidy
response to increasing foreign technological competition suggests that the subsidy rate should
have been about 70%, more than three times higher than the observed one. This high subsidy
would have increased welfare by a striking 5.8% every year in the 35-year period considered.
Moreover, we have also calculated the optimal subsidy for shorter time horizons and we find
that the observed post-81 subsidy is only optimal for a time horizon of about 8 years.

Table 8: Observed and optimal U.S. R&D subsidy: 1981-2016

Subsidy rate
Welfare gains

1981-2016

Observed R&D subsidy 19.2% 0.77%

Optimal R&D subsidy 69% 5.8%

In our model, the optimal subsidy is determined by a rich set of externalities typical of
Schumpeterian growth models with some novel twists.48 First, since future innovations build on
the stock of current innovations, innovators do not take into account that their activity will ben-
efit current and future consumers. This leads to underinvestment in R&D and creates a reason
to subsidize R&D, known as the consumer surplus effect. Through catching up or leapfrogging a
laggard steals incumbent’s business (or part of it), and this is not taken into account in his in-
vestment choice. This external effect of innovation leads to overinvestment in R&D and therefore

48Closed form expressions for these externalities for versions of the standard quality ladder model can be found
in Grossman and Helpman (1991) and Segerstrom (1998).

49
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Welfare Effects of Protectionist Policies

Question:
I What is the impact of a 40% increase in tariffs on welfare and

innovation?
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Welfare Effects of Protectionist Policies

Questions:
I What is the impact of a 40% increase in tariffs on welfare and

innovation?

Innovation and Trade Policy in a Globalized World

4.3.3 Protectionist Response as Counterfactual Policy

In this subsection, we explore the implications of a unilateral increase in trade barriers as an
alternative to R&D subsidies and discuss how the optimal tariff policy varies over time horizons.
Figure 18a shows the overall welfare gains/losses from a 40% rise in the trade cost κ after 1981
instead of increasing the R&D subsidy. In Figure 18b we break down the overall welfare effect
into its key components. Protectionism seems to pay off in the short run, where small gains are
generated from the increase in home profits and the increase in wage income coming from the
use of domestic intermediate products. Over time, these gains fade away whereas losses due to
the foregone high quality of foreign intermediates dominates.
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Figure 18: Welfare effects of protectionism: unilateral 40% increase in trade barriers

Digging deeper, unilaterally higher trade barriers protect some sectors from import penetra-
tion initially, shifting profits towards home firms. Recall though that the measure of most laggard
firms who can benefit from trade protection is relatively small for the U.S., as indicated by the left
tail of the dashed line in Figure 10. The solid line in Figure 18b shows that the initial gain from
laggard firms capturing production in the domestic market is limited. Another factor that limits
the profit gains is that most U.S. firms, being either exporters or solid domestic producers tech-
nologically close to or ahead of their competitors, are not affected by import protection. Figure
19 illustrates this point. Innovation decisions of this large group of firms are barely affected.

The replacement of foreign exporters by the laggard home firms has two implications on
factor incomes. First, the downside is the high quality of foregone products generating a larger
welfare loss as shown by the dotted line in Figure 18b. On the positive side, though, domestic
production of more goods translates into an initial rise in the welfare contribution of factor
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Figure 19: Innovation response to protectionism

income earned using domestic goods (the dashed line). However, this is a merely one-time boost
driven by the initial expansion of the mass of domestic goods used. As there is no additional
innovation incentive for most domestic firms, the contribution of this component declines over
time. Moreover, Figure 19 shows that innovation effort of most laggard U.S. firms that previously
were not able to produce decrease substantially. As the protectionist policy shifts the threshold
for losing the domestic market to a foreign competitor to the left, more firms become farther
from such immediate threat. This weaker escape-competition effect leads to less innovation by
these firms, making it harder to compensate for the loss of frontier imported technology. All in
all, the short-run gains from profits is subdued over time by the loss of foreign technology, as
less domestic innovation leads to a slower pace of productivity increases.

The negative relationship between the aggregate innovation effort and protection plays an
important role for the design of optimal tariff policy. Figure 20a demonstrates the weakening
effect of higher tariff rates imposed by the home country on domestic aggregate innovation. This
dynamic negative effect dominates static gains over time, and therefore, implies lower tariffs for
optimal policy when longer time horizons considered, as illustrated in Figure 20b.

Although this alternative policy and the counterfactual “no business stealing” world dis-
cussed earlier both make it difficult for foreign firms to export, they have stark differences in
their welfare implications. This is because of the characteristics of domestic firms that are af-
fected and their differential measures. In contrast to the protectionist response, “no business
stealing” environment incentivized a large group of domestic firms to innovate in order to gain
export status. This created a perpetual market size effect as those firms continued investing in-
tensively in R&D. Furthermore, export status became permanent in that world, protecting profits
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Welfare (left) and innovation response (right) after 40% tariff rate.
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Welfare Effects of Protectionist Policies
Question:

I What is the optimal tariff rate for different policy horizons?
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Welfare Effects of Protectionist Policies
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I What is the optimal tariff rate for different policy horizons?
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Optimal Subsidy Policy

Questions:
1. What is the optimal subsidy rate for different time horizons?
2. How does it depend on openness?
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Optimal Subsidy Policy

Questions:
1. What is the optimal subsidy rate for different time horizons?
2. How does it depend on openness?
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Conclusion

I Built a new dynamic general equilibrium model with endogenous
productivity growth, international trade and strategic interaction
between competing firms.

I Strategic interaction (competition) channel is quantitatively very
important.

I Policies have different implications in different horizons:
I Protectionist response, short-run gains, long-run losses
I R&D subsidy leads to notable welfare gains in longer horizons

I Governing globalization? Yes but with innovation policy, not
protectionism!

I To do: Brexit simulation?
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