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Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



Motivation

The long theoretical and empirical literature on the relationship between firm innovation and
competition remains inconclusive (for reviews, see Cohen, 2010; Gilbert, 2006), while it’s
gaining relevance in the debate over the effects of trade openness on growth and inclusion.

Schumpeter (1962) creative destruction theory: competition shrinks rents that encourage
innovation, while Aghion et al., (2005) agree with this view for laggard firms. But argue that
leaders may want to innovate to escape competition.

Recent evidence from the U.S, Canada and Europe generally find negative or unclear impacts
of rising import exposure on innovation (e.g. Autor, Dorn, Hanson, Pisano, and Shu, 2020;
Bloom, Draca, and Van Reenen, 2016; Campbell and Mau, 2021; Kueng, Li, and Yang,
2016).

The negative impact sits somewhat uncomfortably with an extensive literature suggesting
that trade liberalization increases productivity (Eslava et al., 2013; Amiti and Konings 2007;
Fernandes 2007; Trefler 2004; Muendler 2004; Pavcnik 2002; Krishna and Mitra 1998).

Aghion et al., (2005) find supportive evidence for an inverted U-shaped relationship between
industry-level innovation and competition in the U.K (Hashmi and Van Biesebroeck, 2016).
However, other evidence has been more ambiguous (Hashmi, 2013; Gorodnichenko, Svejnar,
and Terrell, 2010).

Aghion et al., (2021) find a detrimental effect on French firms’ sales and patenting for
Chinese competition in output markets –with the negative impact being concentrated in low-
productivity firms– but a weak and positive effect when competition is concentrated in input
markets.

Ana Paula Cusolito, Alvaro Garcia & William F. MaloneyProximity to the Frontier, Markups, and the Response of Innovation to Foreign Competition: Evidence from Matched Production-Innovation Surveys in ChileJanuary 24th, 2023 2 / 19



What do we do?

Explore the reaction of innovation inputs and outputs to exogenous competition changes using
the canonical China shock (Autor, Dorn, and Hanson, 2013; Bloom et al., 2016; Aghion et
al., 2021) and a unique matched firm production/innovation panel data set from Chile.

Working at the plant-level with comprehensive quantity and price data for both inputs and
outputs allows us to go beyond previous studies in exploring the channels through which
competition affects innovation (e.g., markups, TFPQ, TFPR, marginal costs, prices).

Advance on measuring key variables to shed light on the importance of competing theories
and exploring the role of distance to the frontier vis-a-vis rents to determine firms’ responses
to the competition shock.

Previous studies use TFPR to explore heterogeneous effects between leaders and laggards.
However, TFPR conflates prices and efficiency. Hence, a plant with high TFPR may, in fact,
be an inefficient plant far from the technological frontier but with a strong monopoly position.

Literature focuses on citation-weighted patents as the main innovation outcome, which is less
relevant for developing countries. We differentiate across different types of innovation inputs
and outputs (e.g., R&D expenditures, product and process innovation, quality upgrading).
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Main findings

We confirm the importance of distance to the frontier on the direction of the change. However,
we show that rents also play an important role in determining the magnitude of the impact
of competition on innovation.

The excess rate of growth in imports from China led, on average, to a depressive effect on
output (6.93%t over 2001-2007) and markups (3.46 %).

Leaders/Laggards

TFPQ shows non-statistically significant decline except for the top 10 percent (7.6%),
which we define as leaders.
Leaders show a near equal rise in quality (8.1%), their only significant increase in
innovation, which may explain why they are producing fewer units and hence show
falling TFPQ.
We find consistently negative impacts of competition across the spectrum of
innovation inputs and outputs for the other 90%.

Markups

Import competition has a negative effect on markups. Whether capturing rents per se
or perhaps access to internal financing, rents appear to exacerbate the leader/laggard
differences.
Process and product innovation among laggards with shrinking rents fell 11% and
13%, respectively.
However, for leaders with rising rents product innovation and product quality rose by
15% and 21%, respectively.
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The China shock in Chile

Figure: Imports from China in Chile and the United States, 1996-2007
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Empirical strategy

yijt = αi + αjt + β ln(Impij,t−1) + γXijt + εijt (1)

ln(Impij,t–1) = λi + λjt + δ ln(ImpLASSOij,t–1 ) + θXijt + ϑijt (2)

yijt = αi + αjt + β ̂ln(Impij,t–1) + γXist + εijt (3)

ADH (2013)

G-PSS (2020), BHJ (2021)

Lasso: BCCH (2012)
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TFPQ, markups, and quality estimation

qijt = βlj lit + βkjkit + βmjmit + ωijt + εijt (4)

ωijt = g(ωijt−1, d
x
ijt−1, d

i
ijt−1, d

x
ijt−1 × d i

ijt−1) + ξijt (5)

µijt ≡ Pijt

MCijt
=

(
∂Qijt(·)
∂Vijt

Vijt

Qijt

)/(PV
ijt · Vijt

Pijt · Qijt

)
=

βmj

Exsharemijt
(6)

ln qijt = α1 + α2 ln p̂ijt(TFPQijt) + αj + αt + εijt (7)

TFPQ estimation: ACF (2015), DL (2013) and LP (2003)
Price index: SW (2013) and EH (2017)
Markup estimation: DL and W (2012)
Quality estimation: KSW (2013), EHKK (2013)
Leaders/laggards: Hansen (2000)
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Data: ENIA and EIT

ENIA

Plant-level balance-sheet data (10 employees+) for the period 1996-2007- including
detailed information on all outputs produced and inputs used in production, and their
respective prices by each plant
Products in ENIA are defined according to the CUP (equivalent 7-digit ISIC level)
Roughly 4,800 manufacturing plants per year, about 20 percent are exporters, and two-
thirds are small plants (less than 50 workers)
Our final sample consists of 29,283 plant-product-year observations

EIT

Technological innovation survey, nationally representative innovation survey of manu-
facturing firms
All plants representing more than 2 percent of the sectoral value added enter compulsory
in the innovation survey
On average, EIT firms are larger, more export oriented, and more profitable than ENIA
plants. But there are not ss differences for TFPQ and markups (only at 10%). System-
atic differences are uncorrelated with variation in exposure to the competition shock.
The combined ENIA-EIT dataset gathers information on 4,704 plant-year observations
(1,377 unique plants) that cover roughly 20 % of the ENIA for the years where EIT is
available.
Information on innovations inputs (e.g., overall spending, R&D) and innovation out-
comes (e.g., patent stock, product and process innovation)
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Table: Summary Statistics

Percentiles Sample Size
Mean Std. Dev. P25 P50 P75 Plant-years Plants
(1) (2) (3) (4) (5) (6) (7)

Plant-Level Variables
Output Volume (in logs) 8.879 1.898 7.472 8.560 10.153 29,283 3,090

Markups 1.207 0.566 0.859 1.083 1.391 28,839 3,090

Revenue (in logs) 13.336 1.823 11.966 12.980 14.510 29,283 3,090

Output Price (in logs) 4.456 0.564 4.189 4.478 4.736 29,283 3,090

Physical TFP (in logs) 6.587 2.731 5.513 6.660 7.912 29,283 3,090

Revenue TFP (in logs) 6.544 2.691 5.687 6.636 7.987 29,283 3,090

Marginal Cost (in logs) 4.356 0.694 3.987 4.368 4.745 29,283 3,090

Product Quality (in logs) 0.088 1.811 -1.237 -0.237 1.196 24,439 3,088

Profit Rate 0.441 0.495 0.170 0.364 0.622 29,283 3,090

Input Price (in logs) 4.455 0.508 4.187 4.462 4.729 29,283 3,090

Innovation Variables
Overall Innovative Spending (IHS) 4.569 5.543 0.000 0.000 10.597 4,704 1,377

R&D Spending (IHS) 2.996 4.890 0.000 0.000 8.425 4,704 1,377

Patents Stock (IHS) 0.154 0.566 0.000 0.000 0.000 4,704 1,377

% (Positive Process Innovation) 0.506 0.500 0.000 1.000 1.000 4,704 1,377

% (Positive Product Innovation) 0.432 0.495 0.000 0.000 1.000 4,704 1,377

Product Quality 1.441 2.087 -0.150 1.455 3.017 4,345 1,337

Chilean Imports of Chinese Products
Observed Imports (million US$) 75.98 155.49 3.05 18.17 73.46 364 364

Predicted LASSO Imports (million US$) 74.68 154.72 3.10 17.45 71.19 364 364
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Results

Table: Effect of Chinese Import Competition on Plants’ Outcomes

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
Output Marginal Input

Output Markup Revenue Price TFPQ TFPR Cost Quality Profits Price
A. Baseline
ln(CHN Imports(-1)) -0.0693** -0.0346*** -0.0083 0.0611*** -0.0377 -0.0158 0.0956*** 0.0100 -0.0542*** 0.0315

(0.0299) (0.0107) (0.0198) (0.0226) (0.0241) (0.0134) (0.0262) (0.0218) (0.0134) (0.0240)
First-Stage F-Statistic 74.3 74.3 74.3 74.3 74.3 74.3 74.3 58.2 74.3 74.3
Industry-year FE yes yes yes yes yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes yes yes yes yes
Observations 29,283 29,283 29,283 29,283 29,283 29,283 29,283 24,439 29,283 29,283

B. Interactions with Leaders / Laggards
ln(CHN Imports(-1))

× Leaders Indicator -0.0517 -0.102*** 0.0537** 0.105*** -0.0866** -0.0445 0.207*** 0.0851** -0.0882** 0.0505
(0.0377) (0.0220) (0.0253) (0.0342) (0.0403) (0.0322) (0.0396) (0.0358) (0.0379) (0.0326)

× Laggards Indicator -0.0812** -0.0249** -0.0248 0.0564** -0.0397 -0.0165 0.0813*** -0.0060 -0.0505*** 0.0286
(0.0353) (0.0114) (0.0224) (0.0232) (0.0258) (0.0140) (0.0266) (0.0237) (0.0142) (0.0249)

First-Stage F-Statistic 35.5 35.5 35.5 35.5 35.5 35.5 35.5 27.5 35.5 35.5
Industry-year FE yes yes yes yes yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes yes yes yes yes
Observations 29,283 29,283 29,283 29,283 29,283 29,283 29,283 24,439 29283 29,283
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Results

Table: Effect of Chinese Import Competition on Innovation Variables
(1) (2) (3) (4) (5) (6)
Innovative Spending Innovation Outputs

Overall R&D Patents Process Product Product
Spending Spending Stock Innovation Innovation Quality

A. Baseline
ln(CHN Imports(-1)) -1.084** -0.610 -0.0397 -0.0874*** -0.0741*** 0.00356

(0.462) (0.524) (0.0427) (0.0288) (0.0283) (0.0417)
Avg. elasticity (IHS variables) -1.084 -0.610 -0.067 — — —
First-Stage F-Statistic 42.9 42.9 42.9 42.9 42.9 45.75
Industry-year FE yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes
Observations 4,704 4,704 4,704 4,704 4,704 4,345

B. Interactions with Leaders / Laggards
ln(CHN Imports(-1))

× Leaders Indicator -1.075 0.640 -0.152 -0.0503 0.0445 0.177***
(0.823) (0.889) (0.146) (0.0662) (0.0694) (0.0629)

Avg. elasticity (IHS variables) -1.075 0.640 -0.159 — — —

× Laggards Indicator -1.273* -0.965 -0.040 -0.109*** -0.0907** -0.0419
(0.669) (0.619) (0.045) (0.0367) (0.0352) (0.0498)

Avg. elasticity (IHS variables) -1.273 -0.965 -0.093 — — —
First-Stage F-Statistic 14.5 14.5 14.5 14.5 14.5 16.0
Industry-year FE yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes
Observations 4,704 4,704 4,704 4,704 4,704 4,345
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Results

Table: Heterogeneity: Split by Change in Markups
(1) (2) (3) (4) (5) (6)
Innovative Spending Innovation Outputs

Overall R&D Patents Process Product Product
Spending Spending Stock Innovation Innovation Quality

ln(CHN Imports(-1))
× Increasing Markups -0.480 -0.114 0.0041 -0.106** -0.0432 0.0141

(0.682) (0.649) (0.0466) (0.0463) (0.0349) (0.0504)
Avg. elasticity (IHS variables) -0.480 -0.114 0.0061 — — —

× Declining Markups -1.356** -0.804 -0.0595 -0.0865** -0.0970** -0.00591
(0.567) (0.680) (0.0717) (0.0387) (0.0435) (0.0675)

Avg. elasticity (IHS variables) -1.356 -0.804 -0.1133 — — —
First-Stage F-Statistic 23.5 23.5 23.5 23.5 23.5 12.5
Industry-year FE yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes
Observations 4,692 4,692 4,692 4,692 4,692 4,335
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Results

Table: Change in Markups combined with Leader/Laggard Indicator
(1) (2) (3) (4) (5) (6)
Innovative Spending Innovation Outputs

Overall R&D Patents Process Product Product
Spending Spending Stock Innovation Innovation Quality

log(CHN Imports(-1)) × Laggards

× (Declining Markup) -1.497‡ -1.333† -0.060 -0.127*** -0.1508*** -0.0754
(0.911) (0.844) (0.086) (0.0475) (0.0574) (0.0943)

Avg. elasticity (IHS variables) -1.497 -1.333 -0.095 — — —
× (Increasing Markup) -0.778 -0.376 0.021 -0.1079** -0.0424 -0.018

(0.744) (0.694) (0.050) (0.0511) (0.0398) (0.0489)
Avg. elasticity (IHS variables) -0.778 -0.376 0.046 — — —

log(CHN Imports(-1)) × Leaders

× (Declining Markup) -0.938 0.916 -0.153 -0.0794 0.0402 0.1486**
(0.810) (0.836) (0.150) (0.0713) (0.0717) (0.0679)

Avg. elasticity (IHS variables) -0.938 0.916 -0.208 — — —
× (Increasing Markup) -0.219 1.873‡ -0.071 -0.0604 0.1487* 0.2061*

(1.276) (1.143) (0.179) (0.0867) (0.0883) (0.1129)
Avg. elasticity (IHS variables) -0.219 1.873 -0.072 — — —

First Stage F-Stat 7.8 7.8 7.8 7.8 7.8 10.6
Industry-year FE yes yes yes yes yes yes
Plant FE yes yes yes yes yes yes
Observations 4,692 4,692 4,692 4,692 4,692 4,335
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Conclusions

We confirm the importance of distance to the frontier in directing firms’ responses to
the competition shock (Aghion et al’s theory).

However, we show that rents also play an important role in determining the magnitude
of the impact of competition on innovation (Schumpeter’s theory).

The paper shows alternatively channels through which competition reforms can have
important distributional effects by widening the profitability gap between leaders and
laggards.
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Appendix: Plant-prices

We follow Eslava et al., 2013; Smeets and Warzynski, 2013; Eslava and Haltiwanger,
2017 to derive price indexes:
1. We compute for each output and input at the plant-product-year level, the log difference

of its price relative to the average industrial price for the same year.
2. We construct a weighted average price deviation index, using plant-product revenues

and expenditure shares, respectively, as weights.
3. We add the plant-level log-deviation derived in the previous step to the average price

index defined for each 4-digit ISIC sector.
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TFPQ Methodology

yijct = aj + bj lijct + cjkijct + djmijct + tfpr ijct + Dc + Dt + eijt

mijct = h
(
lijct , kijct , tfpr ijct ,DTAijct ,ETAijct ,SOEpijct , SOEcijct ,Dc ,Dt

)
,

tfpr ijct = h−1 (lijct , kijct ,mijct ,DTAijct ,ETAijct ,SOEpijct , SOEcijct ,Dc ,Dt) .

yijct = aj + h−1 (lijct , kijct ,mijct ,DTAijct ,ETAijct , SOEpijct , SOEcijct ,Dc ,Dt)
+bj lijct + cjkijct + djmijct + Dc + Dt + eijt .

tfpr ijct = g
(
tfpr ijct−1

)
+ εijct

tfpr ijct = αj + ρj1tfpr ijct−1 + ρj2tfpr
2
ijct−1 + ρj3tfpr

3
ijct−1 + Dc + Dt + εijct

+Ψ
(
DTAijct−1,ETAijct−1,SOEpijct−1, SOEc ijct−1, tfpr ijct−1

)
,

E

εijct (bjc , cjc , djc)
 lijct−1

kijct
mijct−1

 = 0
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Markup
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Quality
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Leaders/laggards
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