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1 Introduction

There is a long and venerable literature that emphasizes the gains from opening up to
trade. Much of those gains are consumer-side benefits from greater variety and lower
prices. A more recent literature emphasizes the positive effect of global competition in
weeding out the less efficient firms and expanding the market share of the most efficient
competitors (Melitz (2003)).

Surprisingly, there is not much theory where gains from trade arise because reductions
to trade barriers improve the performance of import-competing firms. Empirical studies
are roughly in line with the marked absence of theory on this point. Evidence to date on
the effect of unilateral tariff or quota reductions on firm productivity is mixed (see, Tybout
(2003) for a comprehensive review). Yet policy makers and trade economists in general
do believe that trade reforms improve the performance of domestic competitors. If forced
to give a reason why, a number of economists might vaguely resort to “x-inefficiency” or
“dynamic gains from trade.”

This paper aims to, at least in part, narrow the gap between policy maker’s perceptions
and the academic literature. On the empirical side, we argue that because competition
puts downward pressure on revenues, a standard regression of unilateral tariff reductions
on firm productivity is likely to confound productivity gains with reductions in markup.
This measurement issue may explain the mixed results in the empirical literature above.

Our solution is to focus on backward linkages. Evidence suggests that firms’ improvements
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in productivity are accompanied by improvements in input suppliers.® But because input
suppliers are not directly subject to foreign competition, their markups are much less
likely to decrease than the markup of import-competing firms. So, studying the effects
of tariff reductions on the measured productivity of upstream firms allows us to isolate
the effects of tariffs on productivity. A literature pioneered by Javorcik (2004) identifies
backward linkages as the primary source of productivity spillovers from multinational
firms. We bring these insights to the context of trade reform. We use firm level data from
China spanning the years of its accession to the WTO in 2001 to document spillovers
from backward linkages (below).

On the theory side, we propose a model where firms may invest to differentiate their
variety—i.e., to decrease the elasticity of substitution between its variety and its competi-
tors’. An increase in import competition squeezes the firm’s profit margins and pushes
the firm to “escape” competition through product differentiation. This result contrasts
with standard theories of trade and innovation, where innovation increases the efficiency
to produce the same good and competition always decreases the incentives for firms to
innovate.? Arguably, investment in product differentiation here better reflects the reality
that R&D spending and managerial time is allocated to the creation of new market niches,
where the firm can enjoy greater monopoly power.?

Mechanically, the economy features heterogeneous firms and variable markups with
nested CES preferences a la Atkeson and Burstein (2008). Each firm chooses between pro-
ducing a variety in a non-differentiated nest where the elasticity of substitution between
varieties is high, or paying a fixed cost to invent a new nest where it holds monopoly
power and faces a low elasticity of substitution. In a cross-section, investment in product
differentiation is a non-monotonic function of firm productivity. If the firm is very un-
productive, its sales are too small to pay for the fixed cost. If the firm is very productive
relative to its competitors, then it will hold near monopoly power in the non-differentiated
nest. It does not invest in differentiation because its markup is high without it. This re-
sult is reminiscent of the U-shaped pattern of competition on innovation found in Aghion,
Bloom, Blundell, Griffith, and Howitt (2005) and Aghion, Cai, Dewatripont, Du, Harrison
and Legros (2015). These models, however, are not amenable to analysing data because
they feature only one active firm per sector. Our use of CES preferences brings their

results closer to data and to standard trade literature.

1For example, Amiti and Konings (2007), Gopinath, Neiman (2014) and Goldberg et al. (2015) all
associate decreases in input tariffs in developing countries to increases in firm productivity.

2See Lileeva and Trefler (2010) and Bustos (2011).

3This point is evident in Foreign Affairs (2015) interviews with entrepreneurs in its “Special En-
trepreneurship Issue.”



In mapping the model to data, we assume that a reduction in a sector-specific tariff
increases competition especially in the non-differentiated nest. The interpretation is that
firms with differentiated varieties compete more directly with firms in other sectors since
they have carved out their own market niche. Under this interpretation, tariff reductions
increase investments in product differentiation—i.e., firms escape competition by differ-
entiating their products. But because markups depend negatively on market shares as
in Atkeson and Burstein (2008), they decrease with import competition. So, as claimed
above, tariffs have an ambiguous effect on the measured productivity of import-competing
firms: They increase with their investments in product differentiation, but they decrease
with the drop in markups. While we are not the first researchers to make this point, our
solution to this empirical dilemma is novel. If firms with more differentiated products use
more differentiated inputs, upstream suppliers invest in product differentiation, but their
market shares and markups do not decrease.

We apply these theoretical insights to the case of China. The years between 1998
and 2007 witnessed many policy shifts as China embarked on significant trade reform.
Average tariffs on manufacturing in China fell from 43 percent in 1994 to 9.4 percent in
2004, following China’s accession to the WTO in 2001. These significant changes in tariff
policy combined with China’s WTO entry provide us with the opportunity to directly
measure the impact of domestic trade reforms on firm markups, product differentiation,
and productivity outcomes. Since the reforms were guided by WTO mandates to create
a more uniform tariff structure, tariff reductions were largest on goods with initially the
highest tariff levels. This allows us to use initial tariffs as instruments for tariff changes.
We also use tariff changes combined with input-output tables to separately measure the
impact of trade reform on Chinese domestic input suppliers. We follow Olley-Pakes to
construct measures of total factor productivity (TFP).

Our main empirical finding is a large and robust effect of tariff reductions on TFP of
upstream firms. The effect of tariff reductions on the TFP of import-competing firms is
generally positive, but the effect is not as robust and its magnitude is smaller—consistent
with the measurement issues highlighted by the model. For corroborating evidence that
firms are investing in product differentiation, we turn to patenting data. The advantage
of using patent filings is that they are unaffected by markup changes. Using a newly
matched dataset that links patent filings for all enterprises in China with the industrial
survey, we show that final-goods producers did respond to falling tariffs by significantly
increasing their patenting of new products. We also show that firms that moved to new
products systematically moved into sectors requiring more skilled labor. This finding

is consistent with investments in product differentiation, given that a recent literature



shows that higher-quality firms are more skill intensive, and it is inconsistent with the
classic Heckscher-Ohlin model where import competition in China should push it toward
its unskill-intensive comparative advantage sectors.

In section 2, we begin the paper by reporting reduced-form results showing produc-
tivity responses to falling tariffs for final-goods producers, input tariffs, and domestic
input suppliers. The only significant gains to productivity (TFP) from tariff reforms in
China occurred via backward linkages. In Section 3 we develop a theoretical model that
describes the process of productivity growth for both final-goods producers and upstream
suppliers.

In Section 5, we report empirical results for markups, product shifting, and patent
filing. The results highlight the opposite effects of tariffs on markups and innovation:
markups fell for final-goods producers but they increased their innovative activity as

shown by patent filings and product switching. Section 6 concludes.

2 The Impact of Tariffs on TFP

This section reports changes in total factor productivity (TFP) within firms as a function
of final-goods tariffs, input tariffs, and tariffs in the downstream sectors. We describe the
data in section 2.1. The method to measure TFP is in section 2.2 and empirical results

are in section 2.3.

2.1 Data

The data are an annual survey of industrial firms collected by the Chinese National Bureau
of Statistics. The data set is firm-level based and comprises all state-owned enterprises
(SOEs), regardless of size, and all non-state-owned firms (non-SOEs) with annual sales
of more than 5 million Yuan. We use a ten-year unbalanced panel dataset, from 1998 to
2007. For more details on the dataset, which has been used extensively in a number of
papers, the reader is referred to Du, Harrison, Jefferson (2012), Aghion et al (2015), and
Brandt et al. (2017)

The original dataset has 2,226,104 firm-year observations and contains identifiers that
can be used to track firms over time. It includes firms in manufacturing, mining, elec-
tricity, gas, and water sectors. We keep only firms in manufacturing, the tradable sector.
The sample size is further reduced by deleting missing values, as well as observations with

negative or zero values for output, number of employees, capital, and the inputs. Due to

4See Verhoogen (2008) and Fieler, Eslava and Xu (2016).



incompleteness of information on official output price indices, which are reported annually
in the official publication, three sectors are dropped from the sample.

The dataset contains information on output, fixed assets, total workforce, total wages,
intermediate input costs, foreign investment, Hong Kong-Taiwan-Macau investment, sales
revenue, and export sales. We use the criterion of zero foreign ownership to distinguish
domestic firms and foreign owned firms. That is, domestic firms are those with zero
foreign capital in their total assets. About 77.5 percent of observations meet the criterion
of domestic firms, and 22.5 percent are designated as foreign firms. In this paper, we
restrict the sample to domestic (ie non-foreign) enterprises with zero or minority state
ownership. The final sample has 991,440 observations.

Data on China’s Input-Output table are classified into 71 sectors, while the firm-level
survey has 4-digit level industry classifications. Hence, to construct final goods, input,
and backward linkage tariff changes, we aggregate the 4-digit classifications up to these 71
sectors. For example, the furniture industry (coded as 19 in Table 2) includes 5 four-digit
sub-sectors. These are wood furniture manufacturing (2110), bamboo furniture manu-
facturing (2120), metal furniture manufacturing (2130), plastic furniture manufacturing
(2140), and other furniture manufacturing (2190).

Our measurements of tariffs, described below, have this same 71-sector level. This
sector classification is sufficiently broad to diffuse potential concerns that tariffs depend
endogeneously on the behavior of disaggregated firms. Nevertheless, we estimate the
impact of tariffs on TFP using both an OLS and an IV approach. We report the results
separately for firms that exclusively sell in the domestic market, as well as firms that
export a non-zero share of their output. We expect results to be stronger for non-exporters
because our mechanism is driven by import competition and our tariffs measure foreign

firms’ access to the Chinese market, not the Chinese export expansion.

2.2 Measuring TFP and Tariffs

TFP. We measure total factor productivity for each firm and year using a standard two-
stage procedure developed by Olley, Pakes (1996). In the first stage we estimate a three-
input gross-output production function. We use the estimated factor output elasticities
for labor, capital, and materials to construct measures of total factor productivity (TFP)
for each firm in each year it appears in our 1998-2007 sample. In the second stage, we
regress the dependent variable, IN'TFP, on our three tariff measures and an extensive set

of controls.



The first-stage production function is:
In Y;jt = oo + af, In LithzM + oy In Mijt + ok In Kijt + Hijt (].)

where «q, ar, ag and a); are parameters to be estimated, subscript i refers to an in-
dividual firm in sector j and in year t. Variable Y is deflated output, L is number of
employees, K is capital, M is material inputs, defined in detail below. The purpose of
the first-stage is to get unbiased estimates of the factor-output elasticities.

All output and input variables are deflated by their corresponding price indices. In or-
der to create a constant price output series, we deflate the output value (quantities™prices)
by the 29 individual sector ex-factory price indices of industrial products. Hence for the
purpose of creating constant price measures of the inputs, the 29 sector price indices are
assigned with as much consistency as possible to the output data for the 71 sector aggre-
gates. Capital is defined as the net value of fixed assets, which is deflated by a uniform
fixed assets investment index, and labor is a physical measure of the total number of
employees. Intermediate inputs purchased by firms for the purpose of producing gross
output are deflated by the intermediate input price index. It is important to note that
these deflators do not fully capture changes in prices in an environment where varieties
are differentiated within sectors and firms invest in new varieties. So, measured TFP still
picks up markups.

In the second-stage, we regress firm-level TFP on a series of firm-level and sector-level

controls:

InTFP;j; =p1 + B2StateShare + BsOutput Tarif i + Balnput Tarif f:
+ BsBackward Tarif f + Sj + Yo, + Xy + € (2)

where InTF P;j; is set equal to the predicted value of InY;;; — &rIn L;jy — &y In My —
&y In K5 from equation (1) above. In equation (2) «; are establishment-level fixed effects,
the S} are sector-level time-varying variables such as industrial policies and sectoral

foreign investment and a; are annual time dummies.

Tariffs. Our time series of tariffs is collected from the World Integrated Trading
Solution (WITS), maintained by the World Bank. We created a concordance between
the tariff data, China’s Input-Output table and the Chinese survey data at the most
disaggregated level possible given the fact that the two data sources are not in the same
nomenclature. We end up with a total of 71 sectors. For example, we have different

categories for ship-building, electronic computers, tobacco products, motor vehicles, and



parts and accessories for motor vehicles. To aggregate the tariff line items to the level
which would allow us concordance with the survey, we used output for 2003 as weights.

To construct input tariffs and backward tariffs, we use China’s Input-Output table
(2002) and follow the procedures suggested by Amiti and Konings (2007). The input
tariffs are constructed as a weighted average of the output tariffs, where the weights are
based on the Input-Output table. For instance, if a chocolate producer uses 60 percent
sugar and 40 percent cocoa powder, the input tariff for that chocolate industry is equal to
60 percent of the sugar tariff plus 40 percent of the cocoa tariff. Since China’s input-out
tables only allow us to calculate input tariffs at the three-digit level, we use the same level
of 3-digit disaggregation for backward and final-goods tariffs as well.

More specifically, the tariff on inputs is calculated as:

input_tariff;; = Z Ojm

[Ziem output_tariff;, (Y, — Xu)
m#£j

2iem(Yir = Xit)

where 9, is the share of sector m provided as an input to sector j, Yj; is the output
of sector 7 in year t, and Xj; is the exports of sector i in year t. The backward tariff is
calculated as:
backward_tariff;, = Z ajpoutput_tariffy,
ki

where «;;, is the share of sector j’s production supplied to downstream sector k. The
values of ;i and d;,, are both taken from the 2002 input-output table. Backward tariffs
will be highest in those sectors j where the downstream users in sector k face high tariffs
and demand a large share of sector j’s output. This concept of a “backward tarift” is a
new one and showing that tariff changes had a major impact via this channel is a primary
contribution of this paper.

We also include a number of controls, such as exposure to foreign investment at the
sector level, other policies, and ownership variables. Following Javorcik (2004), we define
three sector-level FDI variables. First, Horizontal;, captures the extent of foreign presence
in sector j at time t and is defined as foreign equity participation averaged over all firms
in the sector, weighted by each firm’s share in sectoral output. Second, Backward_FDI,
captures the foreign presence in the sectors that are supplied by sector j . Therefore,
Backward_FDI;; is a measure for foreign participation in the downstream industries of
sector j. Forward_FDI}; is defined as the weighted share of output in upstream industries
of sector j produced by firms with foreign capital participation. The reader is referred to
Javorcik (2004) for more details on the construction of the FDI variables. As indicated
earlier, the degree of detail is quite high. While Amit and Konings (2007) use 4-digit



measures of protection for Indonesia, we can only use 3-digit measures in order to be

consistent across our FDI and tariff measures.

2.3 Results on Revenue TFP and Trade

Our baseline results are reported in Table 1. The sample includes all establishments
without foreign ownership or significant public ownership (although the results are not
qualitatively affected by the inclusion of this additional set of enterprises). The first
two columns report the OLS results using either the OP approach or OLS with firm fixed
effects in the first stage. All specifications allow for both firm fixed effects and year effects.
While all results reported here use the log of tariffs as a measure of tariffs, the results are
similar if we instead use actual tariffs or their lagged levels.

Our key results are in the last three rows of Table 1, which report coefficients on
final-goods tariffs, the backward tariff, and input tariffs. For our OLS results in the
first two columns of Table 1, only the coefficient on the backward tariff is significant.
It is consistently negative, suggesting that a one percentage reduction in tariffs facing
downstream firms would lead to an increase in TFP for upstream enterprises supplying
those firms of .10 to .13 percent.

One possibility that we address is that tariffs are endogenous to individual firm per-
formance. Like in other trade liberalizations, China reduced both the levels and the
heterogeneity in tariffs. Tariff reductions between 1998 to 2007 were highest in those sec-
tors where tariff levels were high at the beginning of the sample period, in 1998. Following
the literature, we use initial tariffs as instruments.> Final goods tariffs, input tariffs, and
backward tariffs are instrumented using the initial period value for these tariffs at the
establishment level, a dummy variable equal to one after China entered into the WTO,
and the interaction of the WTO dummy with the initial tariff levels. If the firm did not
exist in 1998, we use instead the initial mean tariff in the firm’s sector.

These instrumental variable (IV) estimates reported in columns (3) and (4) of table 1.
The coefficient on the WTO dummy in the first stage is highly significant and negative,
indicating that China’s entry into the WTO led to significant tariff declines across all
manufacturing sectors. For the IV estimates, the coefficient on final-goods tariffs in the
OLS and OP specifications become significant but opposite in signs. The coefficient on

backward tariffs remains significant and negative across all specifications, however, with

This instrument is standard. For example, Goldberg and Pavenik (2007) use it for India and Attana-
sio, Goldberg, Pavenik (2004) use it for Colombia. A similar approach to instrumenting Chinese tariffs
is followed by Brandt et al (2017). They instrument for tariffs using rates from the accession agreement,
which were mostly fixed by 1999.



significant increases in magnitudes. The results in the first four columns of Table 1 indicate
that the negative and significant impact of backward tariffs is robust across a variety of
(OLS and IV) estimation approaches.

These results control for a number of potential confounding factors, including other
types of industrial policies, the degree of competition in the sector, and the possibility
of upstream and downstream linkages from foreign investment. Industrial policy is cap-
tured through zero-one dummy variables indicating whether the firm received subsidies
(“ index_subsidy” ), whether the firm received a tax holiday (“index_tax”), and whether
the firm paid below median interest rates on loans (“index_interest”). The results suggest
that subsidies and tax holidays are associated with higher TFP at the firm level, while
subsidized interest rates are associated with lower TFP. The impact of vertical linkages
from foreign investment is generally positive and significant, while horizontal linkages are
insignificant in the OLS specifications but positive and significant in the IV specifications.

Columns (5) through (8) repeat the estimation but exclude exporting enterprises. The
results are similar to those reported in the first four columns. The only differences are in
the magnitudes. The impact of backward tariffs increases significantly in both the OLS
and IV estimates. When firms do not export, the positive impact of a reduction in tariffs
for downstream users of a firm’s products are even greater.

Loren Brandt, Johannes Van Biesebroeck, Luhang Wang, and Yifan Zhang, (2017),
in their paper “WTO Accession and Performance of Chinese Manufacturing Firms”, re-
port quite different results for the impact of final-goods tariffs on TFP. While the main
innovation of our paper is the focus on backward trade linkages, it is still important to
reconcile our results on final-goods tariffs with theirs. After thoroughly investigating their
approach, we find that the difference hinges on whether or not one drops observations for
enterprises that changed sectors during the sample period. Brandt et al argue that it
does not make sense to estimate the impact of tariff changes on firms that switch sectors.
Consequently they either drop firms that switch sectors or control for them by including
sector dummies in the estimation.

We retain all establishments but show how the two groups of firms responded differ-
ently to final-goods tariff changes in Table 2. The first four columns of Table 2 include
only firms that remain within the same sector over the entire sample period. This is the
group of firms in Brandt et al (2017). The remaining four columns include only firms that
changed sector affiliation during the sample period. This is the group of firms dropped
by Brandt et al (2017). The first four columns, show the significant and negative impact
of final-goods tariffs on productivity as reported by Brandt et al (2017).% The effect is

6The coefficients are slightly different, due to the fact that we are using logs of tariffs instead of levels



significant and robust across both OLS and IV specifications. The last four columns of
Table 2 include only firms that change sectoral affiliation. For these firms, the coefficient
on final-goods tariffs switches sign—it is now positive and statistically significant.

In sum, Table 2 explains the apparent inconsistency between Brant et al. and Table 1
where all observations are combined. More importantly, the coefficient on our variable of
interest, backward tariffs, is consistently negative across all specifications whether or not
we allow for the endogeneity of trade policies, or sector switching. In the IV specification
in both sets of firms, the coefficient on backward tariffs is at least twice as large as the
coefficient on final-goods tariffs. Our argument throughout is that the coefficient on final-
goods tariffs (but not backward tariffs) is upward biased because markups increase with
tariffs. Tables 1 and 2 show that the most significant and robust impact of the unilateral
tariff reductions in China between 1998 and 2007 on TFP was the impact on suppliers to
sectors with falling protection. This effect has not been identified previously in the trade
literature.

These results are fully consistent with the theoretical framework below: While both
final-goods producers and their suppliers may be upgrading as a result of trade reforms, fi-
nal goods producers are also like to experience significant downward pressure on markups.
These markup reductions exert opposite effects on observed TFP, and if significantly large,
they can lead to observed TFP declines. Consequently, unpacking the effects on markups
is an important component of the story, and we proceed to do so both theoretically and

empirically in the remainder of this paper.

3 The model

The objective of the model is to study final-goods producers’ investment in product dif-
ferentiation and markups. It highlights the opposing effects of these two decisions have
on measured TFP when import competition tightens. We do not model explicitly the de-
cision to patent or the firms’ demand for skilled labor and differentiated material inputs.
These decisions are modeled elsewhere.” In linking investments in product differentiation
to increases in patenting, skill intensity, and the purchase of material inputs we rely on

a large empirical literature suggesting the connection between these outcomes within the

to be consistent with the log of TFP as the dependent variable. Brandt et al get the same general result

on final-goods tariffs either when they restrict the sample to firms that do not change sector identification

or when they include sector dummies to control for the impact of changing sectors on TFP changes.
"Fieler, Eslava, Xu (2016)
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firm.® Section 4 explicitly discusses the assumptions we make in interpreting data.

It’s a small open economy. The empirical section exploits cross-sectoral differences in
China and any single sector in China is unlikely to affect wages in the rest of the world.
Heterogeneous firms have monopoly rights over their differentiated varieties. Time is
discrete. Firms pay a sunk cost to enter and a fixed cost to produce in each period. This
sunk cost implies that a decrease in import tariffs may temporarily increase the number of
varieties and decrease the price index—as in Alessandria, Choi, Ruhl (2015). Preferences
are a nested CES and firms charge variable markups as in Atkeson and Burstein (2008).
In each period, a firm may pay a fixed cost to differentiate its variety. This investment
amounts to the invention of a new nest in the CES aggregator, which decreases the
elasticity of demand that the firm faces.

R&D is typically modeled as a productivity-enhancing investment, and product im-
provements are seen as isomorphic to productivity increases. In reality, R&D spending
and managerial time is often allocated to the creation of new market niches, where the
firm can enjoy greater monopoly power. Investment in product differentiation here cap-
tures this type of investment. Demand is in section 3.1, technologies in section 3.2, and

the equilibrium is defined in section 3.3. Section 3.4 solves the firm’s problem.

3.1 Preferences

Demand is nested CES. Total spending is inelastic and normalized to one. Spending on
a variety ¢ with price p is
x(p) = P" IR ptT (3)

where the elasticity of substitution ¢ > 1 > 1, n is the nest of variety ¢, P, is the price

index of the nest and P is the overall price index:

where €2, is the set of firms in nest n and N is the set of nests. There are two types of

nests. Nest 0 contains all non-differentiated varieties. When a firm has a differentiated

8Researchers typically report separately the relation between inputs and productivity (e.g., Kugler,
Verhoogen (2012), Goldberg, Khandelwal, Pavenik, Topalova (2010)). For the correlation between a
broader set of firm characteristics, see Bernard, Jensen, Redding, Schott (2007), Hottman, Redding,
Weinstein (2016), Bloom, Manova, Van Reenen, Sun, Yu (2016).
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variety, it is the single producer in its own nest. Then, P, = p; and demand reduces to
x = (p/P)'™".

3.2 Technologies

Each firm has monopoly rights over a unique variety. We denote the firm and its variety
with 7. In each period, there is a fixed production cost fp and the firm may pay an
additional cost fp to differentiate its product. As described above, firms with differen-
tiated products are the single producers within a CES nest. Firms are heterogeneous in
their productivity. Firm i’s marginal cost is 1/¢;, irrespective of whether the firm invests
or not in product differentiation.” As in Melitz (2003) productivity parameter ¢; is to
be interpreted as productivity adjusted for quality. Thus the model, like Melitz, has no

predictions for prices only for markups.

3.3 Equilibrium

Time is discrete and infinite. In the beginning of each period t, there is a finite number

of firms N, _; from the previous period. Each period has the following successive stages:

e Stage 1. Firms surviving from period ¢t — 1 exit with probability §.

e Stage 2. A large mass of entrepreneurs decides to enter or not. To enter, they
pay a fixed entry cost fr. Entrepreneurs enter sequentially so that all entering
entrepreneurs have expected profits greater than or equal to fg. Firms surviving

from stage 1 do not pay this cost.

e Stage 3. All firms, new and old, draw a productivity ¢ from a common distribu-

tion. All firms’ productivity is common knowledge.

e Stage 4. In order of productivity ¢, firms make decisions to produce or not, and
to differentiate their products or not. If the firm decides to produce, it pays a fixed

cost fp. If it invests in product differentiation, it pays an additional cost fp.

e Stage 5. Firms simultaneously set prices. A set of foreign firms set prices p;. The
set of foreign firms and their prices p; are exogenous and known since the beginning

of the period.

e Stage 6. Profits are realized. All firms survive to stage 1 of period ¢ + 1.

9Tt is simple to allow the investment to change productivity, but such a change does not add any
insights. Clearly, firms are more likely to invest if the investment decreases their marginal cost.
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An equilibrium is a set of strategies by firms, in each period and each stage, where all
firms maximize profits given its information set at the time and other firms’ strategies.

The rationale for the dynamics is as follows. First, in a static model with free entry,
import competition generally has no effect since the exogenous entry of foreign firms is
offset by exit of domestic firms. Profits and the price index generally remain unchanged.
With dynamics and sunk cost fgz, a sufficiently large exogenous increase in the set of
foreign firms or decrease in foreign prices induces a temporary overshooting of varieties
as in Alessandria, Choi and Ruhl (2015). Price indices P and Py may temporarily fall
pushing expected profits below fg so that no firm enters in stage 2.

Second, for simplicity and as in Melitz (2003), all firms decisions are static because
firms do not inherit productivity from previous periods. Third, the sequential decisions
of stage 4 are an equilibrium selection. For any set of discrete choices in stage 4, stage
5 delivers a unique equilibrium. With perfect foresight, more productive firms maximize
their profits over all possible scenarios of stage 5 given its discrete choices and other firms’
best responses. In stage 2, profits decrease monotonically to zero if the number of firms
go to infinity. So, the optimal number of entering firms is also unique. By backward
induction, since uniqueness holds in all stages, it holds in the game as a whole. More
specifically, if for a given set of parameters a firm is indifferent between discrete decisions

in stages 3 or 4, a small perturbation of parameters breaks the indifference.

3.4 Firm’s problem

Pricing. We study the problem of an individual firm and suppress its subscript i. A

firm with productivity ¢ in nest n chooses price to maximize operating profit:
maxY P" P "p™ (p — 1/9)
J2

The first order conditions imply

o=+ 0=V o= oe=o -1 o
where the price elasticities are:
p dP, p\1
Fn 0 = <Fn) =s, (5)
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In words, s, is the firm’s market share in the nest, and s is the overall market share.

Substituting these elasticities into equation (4), the optimal markup over marginal cost

€

is = where € is the endogenous elasticity of demand with respect to price:

e=0(1—su) +n(sn—s). (7)

The elasticity is a weighted average between the elasticity o within the nest, 7 the elasticity
across nests, and the Cobb-Douglas elasticity 0 because total spending is inelastic.”

Equations (5), (6) and (7) implicitly define the elasticity € as a function of the firm’s
productivity ¢ and its decision to invest in product differentiation. If it does not invest,
P, = F,, and we denote its elasticity ¢p. If it invests, P, = p, s, = 1 and its elasticity
reduces to

ep =n(l —s).

Its operating profit without and with product differentiation is, respectively

o—n l1-o
mo(9) = YP”APO (( <0 ¢) )

€0 €0 — 1)
1

mo(9) = YPD ((efl)gﬁ)

It is straightforward to show that net of fixed costs, investment in product differentiations

is always profitable mp(¢) > my(¢) for any ¢.'

Exit and investment. The firm’s discrete choices are:

e exit if fp > max{mo(¢), mp(¢)}
e clse produce a non-differentiated product if fp > 7mp(¢) — (@)

e otherwise produce a differentiated product

10This assumption of inelastic spending can easily be relaxed by assuming an upper nest with a con-
tinuum of sectors. Atkeson and Burstein (2008) is the special case where the number of differentiated
products is sufficiently large (continuum) so that s = 0 for all firms.

1See appendix A.1.
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Figure 1: Examples of discrete choices for a given P_;

The contribution of other firms to price indices P and F, is respectively

- 1-n

e
l1—0o
P = E § Dy ’
neN \i/#i,i' €Qp
1
fomrs
-0
P_jp = E Py
i/, €Qo

In equilibrium, the firm takes P_; and P_;y as exogenous. In analyzing the firm’s problem,

Poio is useful because it captures the contribution of non-differentiated varieties

P_;
to the overall price index. When % = 1 then all other firms are non-differentiated, and
I;‘_if’ = o0 all other firms are differentiated. For any given P_; < oo, figure 1 summarizes

the effect of productivity ¢ and 252 12

the ratio

on the firms’s discrete choices.

Each graph is
divided into three regions: Firms in region A exit; firms in region B produce and do not
invest in product differentiation; firms in region C produce and invest in differentiation.

We start with the exit schedule. The fixed cost of production is positive and operating
profits my and mp are both increasing in ¢ and tend to zero as ¢ tends to zero. Then,
for any pair, P_;, P_;o, there is a sufficiently low productivity cut off so that all firms
with productivity lower than the cutoff exit. The schedule separating regions A and B is

Pio :
7 for any given P_, (see

downward sloping because profit 7y(¢) is increasing in the ratio

12We assume P_; < oo because, with inelastic total spending, the monopolist’s problem does not have
a solution. Its profit tends to 1 (total spending) as its markup tends to infinity and quantity tends to
Zero.
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appendix A.2). The schedule separating regions A and C is vertical because mp depends
P_;

po
two cases. Fixed cost of production fp shifts the exit schedule to the right, and does

only on the overall price index P_; not on the ratio Panels (a) and (b) represent
not change the bell-shaped investment schedule. Hence, for sufficiently low fp the two
schedules will not cross, as shown in panel (b).

Assume that the fixed cost of product differentiation fp is sufficiently low so that at
least some firms invest. We prove the shape of the schedule separating regions B and C
in various claims.

Claim 1. When % = 1, there exists a productivity ¢ such that firms do not
invest if ¢ < ¢p.

Proof. As ¢ — 0, the profit from innovation tends to zero. This result holds for any 1;:1-9
but to prove the overall claim, we only need 1;‘_? =1.
: B S
}E%[WD(@ mo(4)] > }}E% ()
Y pr-t v\
= lim
¢—0 €D (ED — 1)
y P =
— lim —= n o1
o0 \(n—1)
where the third line uses the limit limy_o€ep = 7. [ |

Claim 2. When I;;_i_o = 1, there exists a productivity ¢; such that firms do not
invest if ¢ > ¢5.
Proof. We show that, as ¢ tends to infinity, both 7p and 7y tend to 1. Hence, the profit

from investing in product differentiation, 7p — my goes to zero. The claim again holds for

any % but to prove the overall claim, we only need % =1.

-n 1-n
(p—c) = lim S S

lim 7p = lim Jim Pii_n i

Pp—>00 p—r00 Pil_n + plfri

As ¢ — oo, the firm’s market share tends to one and its markup tends to infinity. Then

(p—c) — 1 and Plf;—;;lw = 1. The proof for my holds identically except that 7 is

substituted for by o. Intuitively, a very productive firm does not find it profitable to
invest in product differentiation because it is able to charge high markups even if its

product is non-differentiated. [ |

P_io
P

Although the formal proof of claim 3 is in appendix A.2, the result simply states that

Claim 3. Profit from investing decreases in
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Figure 2: Effect of an increase in P_; on the firm’s discrete choices

B. produce, not invest

as the non-differentiated nest 0 becomes less competitive, profits from investing decrease.
These claims together imply that, as drawn in figure 1, the set of firms investing is bounded
and expands as P_;y/P_; decreases.!® Figure 2 illustrates the effect of an increase in the
overall price index P_; on the firm’s discrete choice. Appendix A.3 shows that P_; shifts
the exist schedule to the left because it increases operating profits mp and m, and P_;
increases the difference (mp — mg) so that the set of investing firms expands.

To summarize, firms charge variable markups. Ceteris paribus, firms with differenti-
ated products have higher markups. These firms are not necessarily the most productive.
The model captures the notion that firms with near monopolies in their sectors do not
invest in product differentiation—they charge high markups for inferior products. An
increase in competition through a decrease in P_;y/P_; increases exit of the least produc-
tive firms with non-differentiated products, and it unambiguously increases investment
in product differentiation by survivors. In particular, it may spur old monopolists to
improve their products. An increase in overall competition through a decrease in P_; also
increases exit but it decreases investment in differentiation among survivors.

These results contrast with predictions of trade models where R&D investment only
increases productivity—e.g., Bustos (2011), Lileeva and Trefler (2010). Investment in
these models depends only on economies of scale. So, more productive firms and monop-
olists are more likely to invest, and import competition always decreases investment in
R&D. Our results are closer to Aghion, Bloom, Blundell, Griffith, and Howitt (2005) and

13The figure also depicts this set as convex. We have not proved convexity, though none of our results
depend on it.
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Aghion and Griffith (2008). Like in these models, competition has a non-monotonic effect
on investment in R&D. When market competition is too lax and existing firms hold near
monopolies, they do not invest. When competition is too tight, firms do not invest in
R&D because operating profits are too small to compensate for the fixed investment. The
key advantage of our model is that these papers are difficult to map to data because in all
equilibria there is only one active firm per sector. All other firms affect the equilibrium

only through their threat of entry, but they are never observed.

3.5 Small firms

The model significantly simplifies if the number of firms is sufficiently large, and firms
do not internalize the effect of their price on price indices P, Fy. Then, markups are
€p = 77’771 under differentiation, and €y = ~%; under non-differentiation. Operating profits

are:

o () A

oc—1

where my < mp for any P and F,. Analogous to the case of large firms, we study the
effect of ¢, P and P_; on firm’s discrete choices. The shape of the exit schedule does not
change. It is evident from equations (8) and (9) that both my and mp go to zero as ¢ tends
to zero. So, sufficiently unproductive firms exit. Also as before, 7y increases in Py and
mp does not depend on F, for a given P. Hence, productivity cutoff for exit decreases in
Py in the non-investment region B and it is constant in the investment region C.

The firm invests in product differentiation if

fo <7mp—mo

o) ()

The last expression is clearly increasing in the overall price index P and decreasing in F.

= prt

Claim 4. For all P, Py, there exists a single cutoff ¢ such that conditional on entry,
firms invest if and only if ¢ > ¢p.

Proof. It suffices to prove that d(”Z—;”O) > 0. By the envelope theorem, the derivatives
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(a) For a given P (b) An increase in P

Figure 3: Discrete choices when firms are small

of operating profits with respect to firm productivity ¢ is
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The first term is smaller than one because the exponent 1 > 0, and markups -7 < %
The second term is smaller than one because the price index is always smaller than the
price of any individual firm Fy < p = m [ |

Discrete choices when firms are small are in figure 3. Figure 3(a) is an example for a
given P, and 3(b) shows the effect of an increase in P on firm choices. With respect to
figures 1 and 2, the key difference is that we loose the monopolists result. That is, if firms
are sufficiently small to take price indices as given than investment always increases in ¢.
This monotonicity also holds in models where investment yields a productivity gain—e.g.,
Bustos (2011) and Lileeva and Trefler (2010). But different from these models, investment
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increases with import competition in the form of a decrease in F,. The model can then

reconcile decreases in sales with increases in investment.

4 Mapping the model to data

Section 4.1 presents and discusses assumptions used to map the model to data. Section

4.2 presents the predictions of the model.

4.1 Assumptions to interpret data

We make the following assumptions in mapping the model to data.
A1l. Measured productivity captures markups.
A2. Patents Firms file patents when investing in product differentiation.

A3. Skills The production of differentiated products is more skill intensive than the

production of non-differentiated products within sectors.

A4. Inputs (i) Differentiated goods are made with inputs of higher measured productiv-
ity. (i) Within both set of goods—i.e., differentiated and non-differentiated—equilibrium
in the downstream market does not change the unit cost of inputs or the measured pro-

ductivity of upstream firms.

A5. Tariffs A decrease in output tariffs decreases P_;o. Tariffs may also decrease P_;
but the dominating force is P_j.

Assumptions A1-A3 and A4(i) are easy to justify. (Al) is well known: Measures of
productivity capture markups. When firms differentiate their products, they file more
patents (A2) either because creating exclusive products requires more innovation or be-
cause firms have greater incentives to protect the monopoly power over their innovation.
Assumptions A3 and A4(i) are backed by the literature on quality. There is ample ev-
idence that firms of higher sales, quality and skill intensity sell buy and sell inputs at
higher unit prices, suggesting the firms of higher quality hire more skilled workers and

buy inputs of higher quality.'4

14Quality is typically measured as the residual of a regression of sales on prices (see Khandelwal
(2010)). For patterns of input purchases and skill intensity, see Verhoogen (2008), Eslava, Fieler and
Xu (2015), Kugler and Verhoogen (2012), Voigtlander (2014). These papers do not directly measure
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We assume A4(ii) for simplicity but also show in the empirical work that follows that
it is supported by our data for China. Mechanically, we can rationalize it by assuming
perfect competition in the input market. Input providers may still have positive markups,
but if the number of firms is sufficiently large, then they all sell their product at the point of
minimum average cost.'> Without A4(ii), the link between equilibrium in the upstream
and downstream markets may be complicated by strategic interactions when firms are
large, as we assume here. Still, main forces are likely to reinforce our results. First,
with monopolistic competition, when downstream firms upgrade, the mass of upstream
firms producing differentiated inputs may increase thereby decreasing the relative costs
of differentiated inputs. This effect would push downstream firms to upgrade further.'6
Second, import competition directly decreases the markup of downstream firms because
it decreases these firms’ market share, but since it does not change market shares of
upstream firms, it need not change their markups.

Finally, we find support for this assumption in our data. It is consistent with anecdotal
evidence indicating fierce domestic competition among suppliers in many sectors in China.
As an illustration, Figure 4 shows that Apple’s margins have been much greater than its
major supplier Foxconn, which in turn had significantly greater margins than its supplier
Pegatron. Consistent with both our modeling assumptions and anecdotal evidence for
China, we show in the paper that China’s trade reforms significantly reduced the margins
of final goods producers but had no significant impact on the margins of their suppliers.

Assumption A5 sharpens the predictions of the model on the effects of tariffs. Price
indices P_; and P_;y have opposing effects on firms’ investment. Investment in product
differentiation increases in P_; and decreases in P_;jo. Our justification for A5 is that
differentiated firms compete more directly with firms in other sectors. Then, a decrease
in output tariffs in a sector directly decreases P_;o through import competition, but their
effect on P_; is only indirect because P_; may include (domestic and foreign) firms in

other sectors.

4.2 Predictions of model

Cross-section. Assumptions Al, A3 and A4(i) together imply a positive correlation
between a firm’s measured productivity, skill intensity, and unit prices of output and

material inputs. These correlations are well documented in the literature, as mentioned

firms’ productivity, but measured productivity is generally correlated with these other firm performance
measures—e.g., Hottman, Redding, Weinstein (2015) and Bloom, Manova, Van Reenen, Sun, Yu (2016).
15This is textbook justification for perfectly competitive markets—e.g., Varian (2010, chapter 22).
16This type of interconnection in investment in quality upgrading appears in Fieler, Eslava and Xu
(2016). See Kee and Tang (2015) for the development of the input market in China.
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Figure 4: Accounting Margins For Final Goods and Suppliers: Apple and its Suppliers as
an Example

30%
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0%
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e=Apple Foxconn Pegatron

Sources: Adapted from Hon Hai Precision Industry Co. Ltd. Annual Report 2012 (2013); Apple Inc.
Form 10K 2012 (2013); Pegatron 2012 Annual Report.

above, and our data are not particularly good to test them—we observe very little about
firm’s material purchases and skill intensity. Still, we do observe patent applications.
Assumptions Al and A2 imply that, within sectors, firms with higher measured produc-
tivity have more patents—even after controlling for total revenue or total value added to
account for potential economies of scale in the filing of patent applications.

We cannot test predictions of the model across sectors because sectors may differ in
many aspects that are not modelled. Still, we find the non-monotonic relation between ¢
on investment in product differentiation in figure 1 appealing. As previously mentioned,
it implies that firms that are near monopolies charge high markups for inferior, non-
differentiated products. Import competition may change these firms’ behavior. Anecdotal

evidence and case studies support this prediction.!”

Tariffs. By assumption A5 and claim 3, tariff cuts unambiguously increase the incentives
for surviving firms to invest in product differentiation. But tariffs have a negative effect on
markups of firms that do not invest. In figures 1 and 3, a decrease in P_;; unambiguously
increases investment in product differentiation, but at the same time decreases markups
of firms that do not change their investment status. Even for firms that do change their

status, because P_; may also decrease, the effect of tariffs on their markups is ambiguous.

17See Das, Krishna, Somanathan, Lychagin (2013) Holmes, Schmitz (2001), Schmitz (2005). See also
Aghion, Bloom, Blundell, Griffith, Howitt (2005) for the non-monotonic relation between tightness of
competition and investment in R&D.
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In accordance with the data, the coefficient on output tariffs in Table 1, showing the link
between final goods Revenue TFP and output tariffs, is not robust.

Assumptions A2-A4 are important because they point to other evidence that import
competition increases product differentiation. A decrease in output tariffs increases (i)
the measured productivity of input suppliers, (ii) patent applications and (iii) firm’s skill
intensity. These predictions are borne out in Tables 1 and 2 above and the tables in the
remainder of this paper.

The effect of a decrease in P_;q is heterogeneous across firms in figures 1 and 3, but
it is difficult to directly test this heterogeneity without the location of the productivity
cutoffs. This is especially true for the general case where some firms may be large, figure
1, since there are two cuttoffs—some of the smallest and largest firms may invest. In the

literature, evidence for this heterogeneity is mixed.'®

5 Empirical Results on Markups and Innovation

In the empirical section 2, the effect of tariffs on the TFP of import-competing firms is
ambiguous—it is typically small and negative, but it is not robust. At the same time, tar-
iffs have a large negative effect on the TFP of suppliers of these import-competing firms.
In the model, tariff reductions lead both import-competing firms and their suppliers to
differentiate their products and increase measured productivity. The effect of this invest-
ment in product differentiation, however, is confounded with decreases in the markups
of import-competing firms. Section 5.1 uses accounting margins and sales reported in
our data to check if profit margins and sales disproportionately fall for import-competing
firms. Sections 5.2 and 5.3 search for evidence associating tariffs to investment in prod-
uct differentiation using data on skill intensity and patents. We do not observe the skill
intensity of per firm and year. But using data from 2004, the only year where firms’ skill
intensities are available, we construct measures of sectoral skill intensities. Section 5.2
shows that firms that switch sectors in response to tariff cuts generally switch to more
skill-intensive sectors. Section 5.3 associates tariff cuts with increases in patenting.

To summarize, the results on skill intensity and patenting are very strong for firms
that are directly impacted by import competition. Results are a lot weaker or non-
existent for suppliers of these firms. In the model, both import competing firms and their

suppliers invest in product differentiation. But these suppliers experience a spillover from

18More productive firms fare better in trade liberalization in Verhoogen (2008), Bustos (2011) and
Fieler, Eslava and Xu (2016). In models of x-inefficiency, low-productivity firms improve performance to
avoid exit when market tightens.
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downstream firms. The effect of final-goods tariffs may be watered down to the extent

that these firms supply inputs to other sectors or final goods.

5.1 Markups and Sales

We estimate the determinants of accounting profits, which we define as the establishment
level reported gross profits in Chinese currency as a share of establishment revenues.”
The survey form indicates that gross profits are defined as revenues less cost of goods
sold. Our results are reported in Table 3. The first two columns report the results for all
enterprises, while the next four columns separate the results into non-exporters (columns
(3) and (4)) and exporters (columns (5) and (6)). Since the model was developed for
firms targeting the domestic market, we expect the results to apply most strongly to the
sample of enterprises that primarily sell domestically.

The results in Table 3 confirm the predictions of our model. Only final-goods tariffs
positively and significantly affect accounting profits. Consistent with our assumption of
perfect competition in the supplier sectors, backward tariffs generally have no significant
impact on supplier firms. As expected these results are strongest and only significant
for non-exporters. These markup results are consistent with results in Tables 1 and 2
indicating that positive TFP effects of tariffs in the final-goods sector are likely to be
observationally difficult to identify due to declining revenue from falling markups.

The coefficient on log final-goods tariffs ranges from 0.36 to 0.79. For firms that do not
export, this implies that a movement from tariffs of 100 percentage points to zero would
lead to a reduction in ROS of between 0.7 to 1.5 percentage points. Since the average
ROS in the sample is five percentage points and tariff cuts average 30 percentage points,
this is a significant but not implausibly large effect.

An additional test of the model’s assumptions is to look directly at the relationship
between output and tariff changes. We expect a reduction in final-goods tariffs to di-
rectly decrease the sales of import-competing firms, but to have a smaller impact on their
suppliers’ sales.

Table 4 confirms this prediction. Final-goods tariffs are significantly and positively
associated with firm level output, particularly for firms oriented towards the domestic
market (with zero exports). Backward tariff reductions, however, either had an insignifi-
cant impact on output levels or were associated with increases. As expected, input tariff

reductions had the biggest effects on output, leading to significant increases in output.

19 An alternative is to follow De Loecker and Warzynski (2012). The issue with their measure is that
it requires goods to be homogeneous within sectors, like Olley-Pakes. Loecker and Warzynski explicit
admit that their results on measured productivity could be driven by quality upgrading (see page 2441).
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5.2 Moving to higher quality goods

The theoretical framework suggests that firms will invest in upgrading in order to escape
greater import competition caused by falling tariffs. We examine whether the China data
are consistent with this hypothesis by looking at whether firms move to sectors requiring
more skilled labor as tariffs decline. Since we do not directly observe quality, we proxy for
the average quality of firms in a sector by using a one time survey conducted in 2004 by the
survey that asked firms details on the composition of their labor force. We consequently

measure quality as the share of a firm’s labor force that is highly trained, defined as:

skilled workers

lity =
Quality total workforce

where skilled workers include completed a three- or four-year college degree, senior high,
mid- and high-level technicians, and mid- and high-level engineers. We could have chosen
to use only a subset of these designations to define sectors as highly skilled intensive, but
since all alternative measures are highly correlated with each other, the choice of which
occupations to include is not critical. Once we identified this ratio, we then aggregated
the firm level information to the sector level. This allowed us to rank sectors from highest
quality to lowest quality, based on the number of highly skilled employees as a share of
their workforce. This 2004 sectoral ranking was then used to classify sectors from highest
quality to lowest quality, with the number of sectors around 450. In our data, the least
skill intensive sector was the production of packaging and bags, while the sector with the
highest ranking was a subsector of aircraft manufacturing.

We then merged the information on sectoral rankings with our panel of firms
between 1998 and 2007. Table 5 shows the results of regressing sectoral rank (with highest
indicating most skill-intensive, our proxy for high quality goods) at the firm level on a
number of determinants. The first row of Table 5, which reports the impact of receiving
a subsidy on sectoral rank, indicates that a firm receiving subsidies would move up on
average by half a sector towards a higher quality ranked sector. Since all specifications
include firm fixed effects, the identification stems from changes in sectoral affiliation within
the firm.

Many of the coefficients reported in Table 5, while not the focus of this paper,
are of interest in themselves and seem plausible. For example, the large and negative
coefficient on sectoral export share indicates that a sector which moved from no exports
to a 100 percent exports would move down the sectoral ranking by almost 200 steps. The
results also suggest that additional foreign investment in the same sector is associated

with an improvement in the ranking, while an increase in foreign investment downstream
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is associated with a large increase in the quality of suppliers (backward linkages).

For this paper, the coefficients of interest are the tariff variables. The first column
reports coefficients using OLS, while the second column reports the IV specification. The
middle two columns report OLS and IV results for non-exporters, while the last two
columns report the same specifications for establishments with positive export sales.

The coefficient on the log of tariffs is consistently negative and significant, with point
estimates ranging from -14 to -55. The results indicate that a decline in final-goods tariffs
is associated with an increase in movement to more skill intensive sectors, as proxied by
the sophistication and education of the labor force. The point estimates indicate that
a one standard deviation reduction in log tariffs (around .5) would be associated with a
movement up the rank of between 7 and 25 sectors. The coefficient on input tariffs is also
negative, but smaller in magnitude, indicating that a reduction in tariffs on inputs would
be associated with a movement up the rank towards higher skill-intensity. These results
are consistent with both our theoretical framework as well as with the extensive literature
on the gains from reducing tariffs on imported inputs, as illustrated by Amiti and others.

The coefficient on backward tariffs, however, is positive and significant, indicating that
a tariff reduction in the downstream sector would be accompanied by a reduction in the
skill intensity of local suppliers. Unlike the results for final-goods tariffs, the evidence
suggests that a reduction in backward tariffs is accompanied by a movement down the

skill-intensity ranking.

5.3 Measuring Quality Changes Using Patent Filings

An alternative measure of quality changes would be to use patent filings, which are col-
lected by SIPO. Researchers He, Tong, Zhang and He (2016) have recently made available
the results of a project to merge all patent filings in China at the establishment level with
the industrial survey. Matching at the establishment level was accomplished through a
number of algorithms which match exactly on establishment name for the period 1998
through 2009. The researchers have taken advantage of access to the State Intellectual
Property Office (SIPO) and manually checked many of the actual merges that they per-
formed.

Patent filings are divided into three types of patents: invention patents, utility patents,
and design patents. According to Fang, He, and Li (2016), the distinction is as follows
for Chinese patent filings:

“China’s State Intellectual Property Office (SIPO) grants three types of patents:

invention patents, utility model patents, and design patents. Broadly speak-
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ing, an invention patent protects technical solutions or improvements relating
to products or processes, while the utility model patent covers mostly struc-
tures and shapes of mechanical structures, and design patents cover new de-
signs, shapes, patterns, or colors, which are rich in an aesthetic appeal and
are important for industrial application. An invention patent in China cor-
responds to the utility patent in the United State. Similar to those required
in other major patent processes in the world, applicants of invention patents
must submit relevant documents such as a clear and comprehensive descrip-
tion of the invention and reference materials so that an examiner may carry

out the ‘Substantive Examination’ of the application...”

We will report the impact of tariffs on all three types of patent filings. We note that in
fact the number of enterprises that do file patents in our sample period only account for
a small fraction of all establishments. While the percentage has been growing, by the end
of our sample period in 2007 it was still the case that less than 5 percent of enterprises
had filed patents in China. However, it is still interesting to note, as reported by Fang,
He and Li (2016), that the total volume of patent filings in China has increased rapidly
and now exceeds the number for the United States. Our results, which replace TFP as
a dependent variable with patent filings but keep otherwise the same specification, are
reported in Table 6.

All the specifications in Table 6 use the same instrumental variable strategy employed
in the earlier tables. More specifically, we instrument the log levels of tariffs with their
initial level at the beginning of the sample period, a WTO dummy, and the interaction of
the WTO dummy and the three initial tariff levels for final-goods tariffs, input tariffs, and
backward tariffs. The first column of Table 6 reports the determinants of total patent
filings, where the three kinds of patents are summed for each year and establishment.
The results suggest that the number of patent filings are positively and significantly
correlated with the share of exports in sectoral output, negatively correlated with public
sector ownership, positively correlated with final demand for an establishments inputs
by foreign owned enterprises, and negatively correlated with both final-goods tariffs and
backward tariffs. The last two results are those we are particularly interested in, although
the other significant results are of interest in their own right.

The coefficients on both final-goods tariffs and backward tariffs are negative, indicating
that lower tariffs are associated with a higher probability of patent filings. However, the
point estimates are only significant for final-goods tariffs. Since the standard deviation

of log final tariffs (log backward tariffs) is .5 (.43) in our sample, and the coefficients on
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final tariffs range from -0.09 to -1.7, the coefficients suggest that one standard deviation
reduction in final-goods tariffs would increase patent filings by between 0.04 (small) to
0.8 (large). This compares favorably to the patent mean of 0.6 patents per firm.

If we decompose patent filings into the three different types, then the results suggest
that all types of patents are significantly associated with tariff changes. The largest effects
are associated with establishments that do not change sectoral affiliation (column 5),
indicating that Brandt et al (2017)’s intuition to focus on these sets of firms is supported
by the evidence on patent filings. The evidence on patent filings in Table 6 is reassuring
in that patent filings are pure measures of innovative activity and not associated with
spurious changes in markups that might affect measures like TFP. The results are also
reassuring for other variables, indicating significant association between patent activity
and exporting and foreign investment.

To summarize, both the evidence on patent filings and sector shifts is consistent with
the model, with firms investing in innovation in order to escape competition brought on
by lower tariffs. In the case of sectoral shifts, we see that the small fraction of firms that
do change sectors move to more skilled intensive products as final-goods tariffs fall. The
evidence is consistent with the patent filings, which show that for those establishments
remaining in the same sector, they respond to higher final goods competition resulting
from lower tariffs by filing more patents.

While the evidence is clear and consistent for final goods, the results on mechanisms
are less obvious for suppliers. The evidence suggests that a fall in backward tariffs is
associated with sectoral shifts towards less (not more) skill-intensive goods. While the
evidence on patent filings does suggest greater filings when backward tariffs fall, the results

are significant at conventional levels.

6 Concluding Comments

In this paper, we identify a new source of productivity gains from trade reform: final-
goods tariff changes feed back to input suppliers, creating “backward linkages.” For
China, backward linkages are the biggest source of productivity gains. Our results show
that this is partly explained by the fact that final goods TFP increases are offset by
markup reductions in final goods sectors.

Our explanation for our findings is formalized in the theoretical model. In the model,
firms choose to invest in product differentiation in order to escape competition. Markups

in the final goods sectors fall, consistent with the evidence presented in the paper. As
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firms upgrade through differentiating their products, they demand more differentiated
inputs from their suppliers. Consequently, innovation spill over to domestic suppliers
through backward linkages.

Our empirical work provides support for the mechanism: as tariffs fall, final goods

providers increase patent filings and upgrade to higher skill intensive sectors.
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Basic Regressions of Productivity Determinants

OLS and IV Results

Table 1
OLS v OLS v
All Enterprises Excluding SOEs and Multinationals Only Non-Exporters
) 2 A3) “ ®) (6) (7 (®)
Dependent
Variable TFP _OP all TFP olsFE all TFP OP all TFP olsFE all TFP OP all TFP oIsFE all TFP OP all TFP olsFE all
InTariff 0.0454 0.0628 -0.0299*** 0.154*** 0.0505 0.0741 -0.0292*** 0.158***
(0.0554) (0.0562) (0.00476) (0.00463) (0.0575) (0.0591) (0.00530) (0.00519)
InBackward Tariff -0.102* -0.0961** -0.115%** -0.125%** -0.124%** -0.115%* -0.175%** -0.169%**
(0.0532) (0.0470) (0.00548) (0.00534) (0.0523) (0.0464) (0.00647) (0.00634)
InInputTariff 0.0216 -0.00146 0.0426%** -0.0430*** 0.0189 -0.00326 0.0397*** -0.0457***
(0.0141) (0.00998) (0.00256) (0.00250) (0.0135) (0.0104) (0.00304) (0.00297)
index_subsidy 0.00906*** 0.0123%** 0.00912*** 0.0122%** 0.00735*** 0.00999*** 0.00737*** 0.00969***
(0.00184) (0.00168) (0.00118) (0.00115) (0.00219) (0.00190) (0.00146) (0.00143)
index_tax 0.0214%** 0.0219%** 0.0215%** 0.0218%** 0.0214%** 0.0221%** 0.0214%** 0.0220***
(0.000851) (0.000898) (0.000718) (0.000700) (0.000822) (0.000881) (0.000830) (0.000813)
index_interest -0.0134%** -0.0153*** -0.0133*** -0.0154*** -0.0155*** -0.0171*** -0.0153*** -0.0174***
(0.00163) (0.00144) (0.000826) (0.000805) (0.00166) (0.00142) (0.000967) (0.000947)
exportshare sector ~ 0.662*** 0.359** 0.732%** 0.304%** 0.835%** 0.502** 0.945*** 0.462***
(0.174) (0.138) (0.0105) (0.0103) (0.237) (0.197) (0.0135) (0.0132)
Stateshare -0.000720 -0.000576 -0.00142 0.000140 0.00149 0.00211 0.000588 0.00314
(0.00388) (0.00393) (0.00341) (0.00332) (0.00481) (0.00468) (0.00390) (0.00382)
Horizontal FDI 0.147 0.312* 0.159*** 0.303*** 0.156 0.327* 0.174%*** 0.328***
(0.176) (0.178) (0.0119) (0.0116) (0.183) (0.191) (0.0144) (0.0141)
Backward FDI 0.960 1.983%** 1.063*** 1.939%** 0.680 1.800*** 0.868*** 1.792%***
(0.731) (0.566) (0.0355) (0.0346) (0.735) (0.581) (0.0426) (0.0417)
Forward FDI 0.526*** 0.545*** 0.440*** 0.647*** 0.514** 0.520*** 0.412%** 0.603***
(0.188) (0.111) (0.00925) (0.00901) (0.200) (0.121) (0.0110) (0.0108)
Observations 991,440 991,440 991,440 991,440 785,025 785,025 785,025 785,025

Notes: Robust standard errors in parentheses. Asterisks indicate significance as follows: *** indicates p<0.01, ** p<0.05, * p<0.1. For IV estimates,
the instruments include initial tariffs (final products, backward and forward) and a WTO dummy equal to one when China entered the WTO. All
specifications include firm fixed effects and time dummies. Other controls also included but not reported here.




Table 2

Comparing Our Results with Brandt et al
(With and without Firms that Change Sectors)

Only Establishments remaining in the Same 2 Digit Sector
over the Sample Period (Replicating Brandt et al)

Only Establishments that Change from One 2 Digit Sector
to Another over the Sample Period

(1)

(2)

3)

(4)

(5)

(6)

(7)

(8)

oLS oLs \Y \ oLs OLS \ \
VARIABLES TFP_OP_all TFP_olsFE_all TFP_OP_all TFP_olsFE_all TFP_OP_all TFP_olsFE_all TFP_OP_all TFP_olsFE_all
InTariff -0.0634** -0.0696** -0.0732***  -.0.0254*** 0.226* 0.234** 0.0494*** 0.219***
(0.0293) (0.0272) (0.00800) (0.00791) (0.116) (0.0933) (0.00864) (0.00738)
InBackward Tariff -0.0547* -0.0510 -0.187*** -0.174%** -0.217* -0.166* -0.188%*** -0.131%**
(0.0303) (0.0326) (0.0142) (0.0140) (0.122) (0.0866) (0.00828) (0.00707)
InInputTariff 0.00953 0.00676 0.0429%** -0.0116** 0.0402 -0.0214 0.0417*** -0.0420***
(0.00951) (0.0106) (0.00595) (0.00589) (0.0399) (0.0252) (0.00408) (0.00349)
index_subsidy 0.0140*** 0.0139%** 0.0138*** 0.0135%** 0.00212 0.00698 0.00128 0.00701*
(0.00205) (0.00185) (0.00119) (0.00118) (0.00475) (0.00419) (0.00421) (0.00360)
index_tax 0.0222%** 0.0219*** 0.0221*** 0.0217*** 0.0221%** 0.0221*** 0.0224*** 0.0223***
(0.00104) (0.00108) (0.000720) (0.000713) (0.00205) (0.00199) (0.00275) (0.00235)
index_interest -0.0148***  -0.0139***  -0.0148***  -0.0140***  -0.0187***  -0.0216***  -0.0183***  -0.0216***
(0.00130) (0.00113) (0.000832) (0.000824) (0.00588) (0.00480) (0.00308) (0.00263)
exportshare_sector 0.313* 0.251* 0.417*** 0.338*** 0.703*** 0.302* 0.810*** 0.270***
(0.174) (0.150) (0.0182) (0.0180) (0.242) (0.159) (0.0196) (0.0167)
Stateshare 0.000275 -0.000374 0.000526 -0.000100 -0.000110 -0.00382 -0.00297 -0.00378
(0.00351) (0.00353) (0.00339) (0.00335) (0.0131) (0.0132) (0.0138) (0.0117)
Horizontal FDI 0.113 0.235 0.116*** 0.276*** 0.0586 0.245 0.157*** 0.260***
(0.151) (0.167) (0.0170) (0.0168) (0.271) (0.214) (0.0244) (0.0208)
Backward FDI 1.225%* 1.518** 1.691%** 1.723%** 1.440 2.300*** 1.340*** 2.207***
(0.584) (0.655) (0.0758) (0.0751) (0.931) (0.622) (0.0613) (0.0523)
Forward FDI 0.394*** 0.317* 0.386*** 0.339*** 0.788*** 0.793*** 0.605*** 0.805***
(0.148) (0.171) (0.0149) (0.0148) (0.253) (0.134) (0.0174) (0.0148)
Observations 871,817 871,817 871,817 871,817 119,623 119,623 119,623 119,623

Notes: Robust standard errors in parentheses. Asterisks indicate significance as follows: *** indicates p<0.01, ** p<0.05, * p<0.1. For IV
estimates, the instruments include initial tariffs (final products, backward and forward) and a WTO dummy equal to one when China entered the
WTO. All specifications include firm fixed effects and time dummies. Other controls also included but not reported here. This Table includes
the same specifications as in Table 1 but splits the sample into two groups. The first four columns exclude establishments that change their main
sector affiliation during the sample period. The last four columns only include establishments that change sectoral affiliation. Brandt et al use
the sample that does not have changes in sector affiliation (the first four columns).




Dependent Variable is Reported Gross Profit Margin as a Share of Sales (ROS)

Table 3

Accounting Margins and Tariffs

All Firms Excluding Only Non-Exporters Only Exporting Firms
Multinationals and SOEs
OLS v OLS v OLS v
6] (2 3) 4 &) (6)
VARIABLES ROS ROS ROS ROS ROS ROS
InTariff 0.359** 0.544*** 0.464** 0.788*** 0.0481 -0.480*
(0.176) (0.106) (0.192) (0.120) (0.117) (0.257)
InBackward Tariff -0.183 0.215* -0.211 0.308** -0.146 -0.145
(0.148) (0.118) (0.172) (0.147) (0.162) (0.217)
InInputTariff 0.0191 0.0649 0.0112 0.0367 0.0515 0.119
(0.0446) (0.0581) (0.0463) (0.0713) (0.0683) (0.111)
Observations 990,277 990,277 784,041 784,041 206,236 206,236
(0.0568) (0.0273) (0.0666) (0.0348) (0.0639) (0.0431)
index_tax 2.944%** 2.944*** 3.027*** 3.028%** 2.502%** 2.502%**
(0.141) (0.0167) (0.158) (0.0197) (0.119) (0.0326)
index_interest 0.0364 0.0364* 0.0414 0.0411* 0.0252 0.0237
(0.0302) (0.0192) (0.0327) (0.0230) (0.0608) (0.0359)
stateshare -0.298** -0.294%** -0.370%** -0.365%** -0.168 -0.167
(0.121) (0.0792) (0.131) (0.0929) (0.263) (0.159)
Horizontal FDI -1.203* -1.547%*** -1.584* -2.105%*** -0.770 -0.563
(0.620) (0.259) (0.817) (0.319) (0.547) (0.492)
Backward FDI -0.751 -1.791** -0.0226 -1.353 -0.138 0.541
(1.723) (0.819) (2.311) (1.009) (1.445) (1.527)
Forward FDI 0.173 0.472%** 0.516 1.038*** -0.0460 -0.615
(0.367) (0.214) (0.491) (0.261) (0.353) (0.429)
Observations 990,277 990,277 784,041 784,041 206,236 206,236

Robust standard errors in parentheses

*#%* n<0.01, ** p<0.05, * p<0.1




Table 4

Output and Tariffs
All Firms
(Excluding Multinationals and Non_Exporters Only
SOEs)
OLS v OLS v
(1) @) (3) @)
VARIABLES logY logY logY logY
InTariff -0.0335 0.0704*** -0.0207 0.0982%**
(0.0230) (0.00867) (0.0237) (0.0100)
InBackwardTariff 0.0422%* -0.0248%** 0.0105 -0.000654
(0.0245) (0.00929) (0.0227) (0.0111)
InlnputTariff -0.00844 -0.0492%** -0.00599 -0.0510%**
(0.0110) (0.00423) (0.00933) (0.00507)
index_subsidy 0.0969%** 0.0967*** 0.0823*** 0.0821***
(0.00630) (0.00248) (0.00718) (0.00310)
index tax 0.0661*** 0.0660*** 0.0683*** 0.0682***
(0.00256) (0.00151) (0.00301) (0.00176)
index_interest -0.0998*** -0.100%** -0.110%** -0 11 1H**
(0.00346) (0.00174) (0.00341) (0.00205)
exportshare sector 0.0239 -0.00917 -0.141 -0.244%%*
(0.0876) (0.0208) (0.102) (0.0274)
Stateshare 0.0417*** 0.0426*** 0.0389*** 0.0403***
(0.00987) (0.00718) (0.0110) (0.00827)
Observations 991,440 991,440 785,025 785,025
Firm FE? Y Y Y Y
Sector Fixed Effects? N N N N

Robust standard errors in parentheses. Dependent variable is the log of real output. All

specifications include firm fixed effects and time effects.

Instruments in the IV

specifications for InTariff, In backward Tariff, and In input tariff include initial tariff, a
WTO dummy, and the WTO dummy interacted with the initial tariff. Other controls
included (like Horizontal FDI, Backward FDI, and Forward FDI) but not reported here.

seskok p<0-01, %k p<0_05’ * p<0.1




Table 5
Movements to Sectors with Higher Skilled Worker Share Based on 2004 survey

All Enterprises

(Excluding SOEs and Only Non-Exporting Only Exporting
Multinationals) Enterprises Enterprises
oy ) 3) (4) ®) (6)
Sector Sector Sector Sector Sector Sector
VARIABLES Rank Rank Rank Rank Rank Rank
oLS \% oLS v OoLS \
InTariff -16.61*** -34.93*** -14.04** -29.83*** 23 55¥** G4 80***
(5.549) (0.469) (5.463) (0.514) (6.627) (1.334)
InBackward Tariff 16.10*** 25.45%** 14.02** 24.56*** 19.87***  24,19%**
(5.340) (0.540) (5.577) (0.628) (5.598) (1.220)
InInputTariff -4.475%* -9.277*** -4,142* -9.499*** -5.814**  .7.878%**
(2.227) (0.253) (2.112) (0.295) (2.607) (0.590)
index_subsidy 0.504*** 0.546*** 0.605** 0.694*** 0.347 0.313
(0.189) (0.116) (0.241) (0.142) (0.246) (0.210)
index_tax 0.0658 0.105 0.128 0.180** -0.296 -0.324**
(0.104) (0.0708) (0.0992) (0.0806) (0.177) (0.159)
index_interest -0.421%*** -0.391*** -0.455*** -0.402*** -0.420**  -0.499***
(0.133) (0.0815) (0.135) (0.0938) (0.204) (0.175)
exportshare_sector -186.7%** -182.6%** -197.9%** -192.4***  -171.9***  -160.6***
(23.69) (1.038) (26.14) (1.311) (22.27) (2.091)
Stateshare -0.151 -0.397 -0.223 -0.501 0.438 0.395
(0.487) (0.336) (0.546) (0.379) (0.843) (0.775)
Horizontal FDI 63.32%* 67.62%** 64.58** 71.06*** 62.51* 55.88%**
(29.08) (1.171) (28.86) (1.395) (31.59) (2.475)
Backward FDI 479.7*** 465.9%** 498.0*** 471.0%** 439.3*%**  473,9%**
(103.7) (3.501) (115.5) (4.134) (86.41) (7.591)
Forward FDI -43.50* -54.68*** -50.37* -59.35%** -26.49 -49.12%**
(22.41) (0.912) (25.34) (1.071) (18.83) (2.100)
Observations 991,441 991,441 785,026 785,026 206,415 206,415
Firm FE? Y Y Y Y Y Y
Sector Fixed Effects? N N N N N N

Notes: Robust standard errors in parentheses with *** indicating p<0.01, ** indicating p<0.05, and *
indicating p<0.1. The dependent variable in all specifications is the firm’s sectoral ranking based on the
sector reported by the firm in that year. The firm’s sector of affiliation, which is the dependent variable,
has been ranked with 1 using the most educated workers across all 450 sectors, and the ranking is based on
a cross section of all firms in 2004.




Table 6
Patent filings as an Alternative Measure of Productivity at the Establishment Level
IV Estimates Using Same Instruments as Previous Tables

Determinants of Patent Filings by Year at the Establishment Level
(Total Patent Filings, Invention Patents, Utility Patents and Design Patents)

Total
Patent Invention Utility Design Total Patent
VARIABLES Filings Patents Patents Patents Total Patent Filings Filings
Only Only
Establishments Establishments
That Remain in the that Change
Same Sector Sector
InTariff -0.578*** -0.243* -0.0861***  -0.249*** -1.682*** -0.0312
(0.161) (0.135) (0.0279) (0.0509) (0.311) (0.0669)
InBackward Tariff -0.304 -0.202 0.00862 -0.110* -0.707 0.0552
(0.186) (0.155) (0.0322) (0.0586) (0.546) (0.0640)
InInputTariff 0.270*** 0.161** 0.0393*** 0.0691** 1.158*** -0.0220
(0.0870) (0.0726) (0.0151) (0.0274) (0.231) (0.0316)
index_subsidy -0.000153 -0.0706** 0.0275%** 0.0429*** -0.00122 0.0121
(0.0399) (0.0333) (0.00691) (0.0126) (0.0468) (0.0326)
index_tax 0.0209 0.00178 0.00490 0.0142%* 0.0283 -0.0149
(0.0244) (0.0203) (0.00422) (0.00768) (0.0282) (0.0212)
index_interest 0.0241 0.0389* -0.0115** -0.00330 0.0415 -0.0709***
(0.0280) (0.0234) (0.00486) (0.00884) (0.0326) (0.0238)
exportshare_sector 1.641%** 0.831*** 0.348*** 0.461*** 3.343*** -0.0134
(0.357) (0.298) (0.0619) (0.113) (0.707) (0.151)
Stateshare -0.261** -0.147 -0.0351* -0.0789** -0.279** -0.122
(0.116) (0.0964) (0.0200) (0.0365) (0.133) (0.107)
Horizontal FDI 0.265 0.532 -0.115* -0.152 -0.193 0.306
(0.403) (0.336) (0.0698) (0.127) (0.661) (0.189)
Backward FDI 3.222%** 2.099%** 0.294 0.829** 17.77*** -0.241
(1.204) (1.005) (0.209) (0.380) (2.906) (0.474)
Forward FDI -0.852%*** -0.549** -0.0250 -0.279*** -0.871 -0.133
(0.314) (0.262) (0.0543) (0.0990) (0.576) (0.134)

Notes: Robust standard errors in parentheses with *** indicating p<0.01, ** indicating p<0.05, and * indicating p<0.1. All
specifications include establishment fixed effects and year effects. The dependent variable in all specifications is a different
measure of the number of patents filed at the establishment level. If no patents are recorded by SIPO then the dependent
variable is set to zero.
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A Appendix to theory

A.1 Proof that mp > m

Vv

We prove that, net of fixed costs, investment in differentiation is always profitable: mp

y pr-1 €0 1=n
WD(gb) = €0 ((60 - 1)¢)

() (tem) -

where all prices P and Fy are calculated when the firm’s price is (EOTI) 3 The first line

comes from optimization—setting markup ep yields higher profits than ¢, if the firm is

7o0-

differentiated. The second line comes because the added term, ((60_6%) B < 1, since
(60_6% > 1 and n < 0. The two operating profits are equal only when there are no other
firms in nest 0.

Small firm’s case In the case of small firms where markups are constant,

1 o 1—0o
=—|(— pypnt
"o ((a E 1>¢> |

1 o . _1
=5 ((o - 1>¢) 7

< 1 <—77 )1_” prt=n
n\(n-1)¢ P

where the first inequality comes from F, < (ﬁ) and the second inequality from
optimization under differentiation—setting markup ep yields strictly higher profits than

setting it €.

A.2 Proof of claim 3, section 3.4

szO
P_;

depends only on P_;. So, we need to prove that m is decreasing in

Claim 3. Profit from investing decreases in . Proof. Profit mp under differentiation

7L0

. By the envelope
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theorem, 7 d;r?P 5 = G(Pf)_:(/)Pi_). So, we rewrite profit my as a function of r = ];:i?,
q= P_ and P_;
pl-o =2 1-o
Y (PLg +p7) P —c)
= = | pi-
P PY 4 (Phy 4 pioe) e | Pt T
1oy
—_ YPU-_l (7,,1—0' + ql_o) o pl_a(p - C)

1 —pl-n 4 (Tlfo + q170>}_;2 ri=o + ql"’

where the term Pl_77 — PI;}" =>. L0.meN P!~ in the first line is the price of differentiated
goods, and (P 4+ p'~)1== = P, is the price index of non-differentiated goods including
the firm itself.

We first derive some auxiliary derivatives:

8 —o —o =2 -0 -0 i;n_ —o
E(Tl +q1 )1,(7:(1_,'7)(7,1 +q1 )70 17”
and
ﬁ (7’1_0 ‘I'ql_o)L;Z
87“ 1 — 7a1—77 + (Tl—a + ql—a)%
_[a=ma-rn et g T
[1 — pl-nm + (rl—a + ql—O')L;Z]Q
Finally,
OT0 _ T0 (1 — (1 = So)(1 = s0) + (7 — 1)(1 — so)]
or r
mo(l — s
= 50 (1 )1 - 5+ (o - 1)
> M(a ) >0
1—0o 1—0o 1:72
where Sy = (r"+a77) e (A1)
[1 —pl-nm + (TI_U + ql—cr)ﬁ]
o
7«170' + qlfo'

Sp is the market share of nest zero in total spending Y, and s recall is the market share
of the firm within nest 0. The inequality follows because sq, Sy € [0, 1] and ¢ > 7. The

derivative is zero only if the firm has the monopoly in nest 0, sp = 1. |
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A.3 Effect of P_; on firm’s choices

This appendix proves that the effect of P_; on firm’s choices follows the patterns illustrated
in figure 2: (i) P-; increases my and 7p so that it shifts the exit curve to the left. (i) P-;

increases the difference (mp — ) so that the set of investing firms expands. These results
P_;
We write operating profits my and 7p as functions of P_;, » and the firm’s own price

are proven for any given ratio r =

p, and we take partial derivatives with respect to P_;. By the envelope theorem, these

onp
5P We prove

. . . . . . dmg __ Om drp __
partial derivatives equal the total derivatives: P = s and =

claims (i) and (ii) by deriving sign of these derivatives.
With differentiation
pfn
D = W(P — )

Taking derivatives, we get

a’ﬂ'D ™D

9P, (n— 1)P_i

(1 — SD)

where sp is the market share of the firm in total spending Y. We add subscript D to
make explicit that the firm’s market share is generally different under differentiation from
non-differentiation.

Without differentiation,

1

(r'= + (p/P_)) )1 P ’(p—o
L= 1o (r1e 4 (p/ Py) i )ie | 70+ 0/ P)

™D = YP‘_’;l

Taking derivatives, we get

57r0 . U
oP_, P,
o

= P_i

[(0=1) + (n = 1)(1 = So)so + (0 — 1)s]

[(0 = 1)(1 = s0) + (n = 1)(1 = So)s0]

where as before Sy is spending on nest 0 as a share of total spending, defined in equation
(A.1).

(i) P-; increases my and mp. Both (%’—ii > 0 and

onp :
o~ > Usince o > 1landn>1

and market shares sp, so, Sp € (0,1).

(ii) P_; increases the difference (mp — my) Operating profits is sales over the
Ys
=,

elasticity of demand: w = Using the price strategy of firms and s = Spsg for the

non-differentiated firm, we have
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P_ia(ﬂaDPiiWO) _ (77 . 1)(1 _ SD)7TD _ [(0- _ 1)(1 — 50) (77 — 1)(1 — SO)SO]WO
_ =1 —sp)sp {(0 1)1 —=so0) + (n—1)(1 - 50)80} .
n(l—sp) o(1 = so) + nso(1 — So)
- 15 B {0(1 —s0) +n(1 —Sp)so— (1 —s9) — (1 — So)so] .
b o(1 — so) + nso(1 — Sp)

-1 -1
277 SD—,'7 s>0
n n

where the last inequality follows because sales with differentiation is greater than without.
|
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