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ABSTRACT

A key economic issue in Canada is the declining business research and develop-
ment and slowdown in the total factor productivity (TFP) growth in manufacturing
since the early 2000s. To deepen our understanding of this phenomenon, we focus
on the increasing Chinese import share in the total domestic absorption in Cana-
dian manufacturing since the early 2000s, which appears to be driven by positive
supply shocks within Chinese manufacturing. Based on firm-level data in Canadian
manufacturing, we find that rising Chinese import competition led to declines in
R&D expenditure and TFP growth within firms but reallocated employment to-
wards more productive firms and induced less productive firms to exit. The negative
within-effects were pronounced for firms that were initially smaller, less profitable,
and less productive. At the aggregate level, the positive reallocation effects on TFP
more than offset the negative within-effect. We estimate that, had there been no
increase in Chinese import competition between 2005 and 2010, TFP in Canadian
manufacturing would have declined by 1.26 per cent per year instead of the actual

1.09 per cent per year over this period.
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Development (BERD) — a key input to in-



cially, in manufacturing, BERD expendi-
ture started to decline after 2000 both in
levels and as a share of sales. Accompa-
nying this, total factor productivity (TFP)
growth in manufacturing slowed after 2000.
the early 2000s,

economies including Canada have expe-

Since advanced
rienced a rapid increase in imports from
China. A large literature has documented
that increasing trade with low-wage coun-
tries have an impact on domestic innova-
tion although the evidence is mixed for
the direction of the impact.? In this ar-
ticle, we assess whether declining R&D
and productivity performance in Canadian
manufacturing can be linked to rising Chi-
nese import competition in final product
markets. As the competition in the domes-
tic product market rises, surviving firms
are likely to adjust their innovative effort
as their rents after innovation relative to
rents before innovation are affected. More-
over, less productive firms may exit and
resources could be allocated towards more
productive surviving firms.

There are some close antecedents to our
study but their empirical evidence is mixed.
Bloom, Draca, and Van Reenen (2016) use
firm-level data from European countries
to estimate the effect of increasing Chi-
nese import competition on four indicators
for technical change: patents, information
technology intensity, R&D investment, and
TFP growth. They find empirical evidence

that increasing Chinese import competi-

tion had led to an increase in all four mea-
sures of technical change within firms and
also reallocated employment towards more
technologically-advanced firms.?

Autor, Dorn, Hanson, Pisano, and Shu
(2017) find conflicting evidence using firm-
level data for the United States. They
find that, in response to increasing Chinese
competition, firms scaled back their patent
activity and R&D investment. Gong and
Xu (2017) also studies the effect of rising
Chinese import competition on R&D ex-
penditure of the U.S. firms but focus on
the reallocation effect. They find that ris-
ing Chinese competition reallocated R&D
expenditure towards more productive and
profitable firms but find no evidence of an
impact on R&D at the aggregate level. Us-

4 Keung, Li, and Yang

ing survey data,
(2016) find that Canadian manufacturing
firms scaled back their effort in process in-
novation relatively more than product in-
novation in response to rising Chinese im-
port competition between 1999 and 2005.
Those conflicting empirical results are
in line with the overall ambiguity in the-
oretical implications for the effect of ris-
ing competition on innovation. There are
multiple theories underlying the relation-
ship between competition and innovation.
For example, “trapped inputs” for produc-
tion imply that increased Chinese import
competition fosters innovation as it reduces
the relative profitability of low-tech prod-

ucts (e.g. Bloom, Romer, Terry and Van

2 See Shu and Steinwender (2018) for a comprehensive review of the studies on the impact of trade liberalization

on innovation and productivity.

3 They also find that technologically-advanced firms are more likely to survive for a given increase in Chinese

import competition than low-tech firms.

4 The Workplace and Employee Survey (WES) by Statistics Canada.
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Reenen, 2010). Also, an increasing market
size for Canadian firms due to expanding
trade opportunity with China may encour-
age innovation as firms can spread the fixed
costs of innovation over the larger market
(e.g. Krugman, 1980; Acemoglu, 2008).

In contrast, in a standard oligopoly
model, increased competition in product
markets is likely to reduce incentives to
innovate as profits decline (e.g.  Das-
gupta and Stiglitz, 1980). If we take
into account differential degrees of compe-
tition faced by firms, the relationship be-
tween innovation and competition exhibits
an inverted U-shape (e.g. Aghion et al.,
2005). Schmidt (1997) shows that increas-
ing competition increases managerial effort
to increase profit (so likely to increase in-
novation) but when competition becomes
too intense, managerial effort may decline
eventually.®

As emphasized in Melitz (2003) and
Bloom et al. (2016), it is also important to
consider an economy-wide technical change
that occurs through the reallocation of re-
sources. In theory, if we maintain the menu
of products fixed in the economy, then in-
creasing trade with low-wage countries like
China would results in shrinking low-tech
firms and growing high-tech firms (where
Canada has comparative advantages). The
opposite would occur in China.

Our study adds to the literature in two
ways. First, to our knowledge, there is no
empirical study that uses Canadian firm-
level data to explore the impact of rising

Chinese import competition on R&D which

is a representative indicator of innovation
activities or on the overall productivity per-
formance in manufacturing. In this article,
we carry out a comprehensive assessment
of trade-induced change in R&D and TFP
within manufacturing firms. Especially,
our data capture a broad scope of R&D
expenditure covering in-house R&D, R&D
contracted out, and the use of R&D per-
formed by third-parties on a non-exclusive
basis. We also explore whether technical
changes occurring between firms are impor-
tant in Canada by analyzing the effect on
employment and survival of manufactur-
ing firms, focusing on the differential effects
stemming from different initial technology
levels of firms.

Second, most empirical studies focus on
very large firms (e.g. public firms in Com-
pustat) or firms with patents among those
large firms. Large firms or firms with suc-
cessful innovation outcomes (i.e., patents)
could have different initial conditions and
hence, their response could be quite differ-
ent than the majority of smaller firms in
manufacturing or firms that perform R&D
whose outcome does not necessarily get
patented. In our study, we use adminis-
trative firm-level data covering all incor-
porated firms in Canadian manufacturing.
Also, the database is linked to the tax data
covering all firms that claimed R&D expen-
diture credits in Canada. Using this com-
prehensive database, we explore potential
heterogeneity in firm-level responses to ris-
ing import competition, providing a better

understanding of trade-induced change in

5 Also, domestic innovation could decline if domestic firms are deterred from entering export markets. For
example, Baldwin, Dar-Brodeur, and Yan (2016) find that Canadian manufacturing firms that entered export
markets are more likely to have invested in R&D before entry and to invest more in R&D after entry.
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innovation and productivity. In particular,
we assess the impact of rising import com-
petition on R&D and TFP within firms by
initial conditions of firms (e.g. initial size,
profitability or mark-up, and productivity
level).

We find that increasing Chinese im-
port competition reduced R&D and TFP
growth within firms but reallocated em-
ployment towards more productive firms
and drove less productive firms out of the
domestic market.
effects on R&D and TFP growth were

pronounced in initially smaller, less prof-

The negative within-

itable, and less productive firms.® It ap-
pears that, if survived, they scaled back
their R&D investment but did not re-
sort to other productivity-enhancing activ-
ities. Even if they did, they were not suc-
cessful. R&D investment within initially
larger, more profitable, and more produc-
tive firms was not affected by rising Chinese
import competition. We find evidence that
some larger and better-performing firms
engaged in productivity-enhancing activ-
ities other than R&D when the Chinese
presence increased in their product mar-
ket, and hence their TFP improved. Very
large firms (employees>500) do not appear
to have adjusted their innovative effort to
enhance their productivity.

Our results show that initially smaller
and poorly-performing firms that survived
experienced declining profit margins due to
rising import competition while larger and
their better-performing counterparts did
not. A larger reduction in R&D and TFP

may be explained by the shrinking room
to finance R&D and other productivity-
enhancing effort. Firms tend to finance in-
novation using internal cash flows as exter-
nal financing would be costly in this case.
Or in a different perspective, these firms are
likely to have faced greater product market
competition with technology gaps initially.
So, if survived, a further increase in com-
petition may have made additional innova-
tion unprofitable for them. In other words,
the basic Schumpeterian effect dominates
for these firms, reducing more the post-
innovation rents than the pre-innovation
rents.

At the aggregate level, our estimates im-
ply the increased share of imports from
CHina explains about 7 per cent of the to-
tal decline of $1.36 billion (2007 CAD) in
R&D expenditure in Canadian manufac-
turing between 2005 and 2010. Our pro-
ductivity decomposition exercise indicates
that had there been no increase in the share
of Chinese imports in the total domestic
absorption in manufacturing between 2005
and 2010, the aggregate TFP level in man-
ufacturing would have declined by 1.26 per
cent per year instead of the actual 1.09 per
cent per year. This implies that the pos-
itive between- and exit-effects more than
offset the negative within-effects.

The remainder of the article is orga-
nized as follows. The first section pro-
vides some motivating stylized facts about
Chinese import competition, R&D expen-
diture, and productivity performance in

Canadian manufacturing. Data sources are

6 For R&D, we also find the declines were larger within foreign-controlled firms and firms receiving regular tax
credits for R&D expenditure, compared to domestically-controlled firms and firms receiving enhanced tax

credits, respectively. Refer to Kim (2019) for details.
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introduced in section two. Section three in-
troduces our empirical models and identi-
fication strategy, which is followed by the
results in section four and five. In section
six, we contextualize our empirical find-
ings by quantifying the role of rising Chi-
nese import competition in driving the ac-
tual change in R&D investment and TFP
growth in Canadian manufacturing. Sec-

tion seven concludes.

Chinese Imports, R&D Expen-
diture, and TFP Growth in
Canadian Manufacturing

Imports from low-wage countries have
implications for technical change in devel-
oped economies.” During the 2000s, two
of the top ten importers to Canada were

China and Mexico.?

low-wage countries:
However, import penetration from China
had been much more important in terms
of both absolute levels and changes (Chart
1). The import penetration ratio for Mex-
ico remained below 4.0 per cent for most
of the 1990s and 2000s. It increased from
2.0 per cent in 2000 to 4.0 per cent in 2015.
The import penetration ratio for China sur-
passed that for Mexico during the early
2000s when China joined WTO, reaching

8.9 per cent in 2015. It grew by 6.9 per-

centage points between 2000 and 2015.

According to the official data publicly
available at Statistics Canada, between
1994 and 2000, the real BERD expenditure
(covering only in-house R&D) in Canadian
manufacturing increased rapidly. However,
it started to decline when Chinese imports
surged in the early 2000s (Chart 2). Our
firm-level data on R&D only cover the
2000-2012 period, preventing us from com-
paring the pre- and post-take-off in Chi-
nese imports in Canada. Nevertheless, we
observe similar trends after 2000. The av-
erage annual growth rate in real R&D ex-
penditure based on our firm-level data was
-0.2 per cent in manufacturing for the 2000-
2012 period.? The average annual growth
rate was 4.1 per cent for the 2000-2005 pe-
riod but fell to -3.2 per cent for the 2005-
2012 period.!® BERD expenditure fell in
relative terms as well. Both the manu-
facturing share in total BERD expenditure
in Canada and R&D intensity defined as
BERD expenditure as a share of the to-
tal sales in manufacturing declined after
2000.11

Accompanying the declining R&D ex-
penditure, TFP growth in manufacturing
slowed after 2000. Chart 3 shows time se-
ries for TFP index based on the Canadian

Productivity Account for Canadian man-

7 See, for example, Bartel et al. (2007); Freeman and Kleiner (2005); Bugamelli et al. (2008).

8 The top ten exporters to Canada were: United States, China, Mexico, Germany, Japan, South Korea, United

Kingdom, Italy, France, and Taiwan.

9 The average annual growth was 1.3 per cent in non-manufacturing during the same period.

10 A similar pattern is found in non-manufacturing: 5.9 per cent for the 2000-2005 period and -1.9 per cent for

the 2005-2012 period.

11 See Kim, 2019:7 for details.

12 The Canadian Productivity Account data are publicly available at Statistics Canada. The CPA is constructed

based on establishment-level data.
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Chart 1: Import Penetration Ratio in Canada, Low-wage Countries: China and Mexico,

Manufacturing, 1992-2015
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Note: The import penetration ratio is defined as the ratio of imports to domestic absorption (total industry

shipment less exports plus imports).

Source: Authors’ calculation based on trade data base maintained by Innovation, Science, and Economic
Development Canada and Statistics Canada Table 16-10-0047-01.

ufacturing.'> TFP grew at a faster rate

during the 1990s than during the 2000s.
For instance, the annualized growth in TFP
was 3.13 per cent over the 1992-2000 pe-
riod. However, TFP declined at an an-
nual rate of 1.09 per cent over the 2000-
2009 period. After a rapid increase during
the 1990s, TFP started to level off from
the early 2000s. Then, it declined between
2006 and 2009 before it started to recover
after 2009.'

Data

The main data source for our analysis

is corporate income tax (T2) files linked

to Statistics Canada’s Longitudinal Em-
ployment Analysis Program (LEAP) data
file. The database includes information on
firm-level output and conventional factors
of production to estimate TFP. In order
to have information on R&D expenditure
for each firm, the database is linked to
the Canada Revenue Agency (CRA) form
T661 filed by firms to claim their tax cred-
its for expenditure on scientific research
and experimental development (SRED) —
hence, T2-LEAP-SRED. We provide more
detailed information on T2-LEAP-SRED
in Kim (2019).

We use the Trade Data Online by In-

novation, Science, and Economics Devel-

13 Again, due to the limited information in our firm-level data, we can examine TFP only for the 2000-2012
period. We observe the TFP level in manufacturing based on T2-LEAP-SRED exhibits a pattern similar to
that found in the CPA data for the 2000-2012 period.
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Chart 2: Real R&D Investment in Canadian Manufacturing, Millions of 2007 CAD,

1994-2012
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and Trade Data Online maintained by Innovation, Science, and Economic Development Canada.

Chart 3: TFP Index (2012=100) and Chinese Import Penetration Ratio in Canadian
Manufacturing, 1992-2015
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opment Canada and the UN Comtrade
database to construct our measure of Chi-
nese import competition for Canada and
other advanced economies required for our
identification strategy. The UN Comtrade
database follows the Harmonized Item De-
scription and Coding System (HS). We
therefore implement a mapping between
HS and NAICS following the algorithm de-
veloped by Pierce and Schott (2012). Refer
to Murray (2017) and Kim (2018a, b) for
more detailed description of the data.

Our sample period covers 2000-2012.
The sample for R&D analysis consists of
firms that performed or purchased R&D
at least once between 2000 and 2012. For
the analysis on TFP, the sample consists
of firms that have non-missing values for
all the variables required to estimate firm-
level TFP.

Empirical Models and ldentifi-
cation Strategy

Technical changes within firms

Our empirical models assess the effect
of Chinese import competition on techni-
cal change within firms in manufacturing.
To do so, we analyze two indicators of tech-
nical change: R&D expenditure and TFP
growth. Following Bloom et al. (2016), we

estimate the following two equations:

Aln(R&D), ;. = BPAIP;
+vXijr+ o+ (1)
Al(TFP),, = B""PAIP;,

+vXijr + o+ (2)

where ¢ denotes firms and j denotes sec-
tors in manufacturing. A represents the
operator for long differences (e.g. 5-year
long differences) for a given variable. X; ;-
includes all other controls for non-trade re-
lated factors specific to firms and to sec-
tors in manufacturing. «, represents pe-
riod fixed effects. AIP;; is a measure of
Chinese import penetration which is con-

structed as follows:

A ]ij'hz’na

AIP; . =
" Yz 4+ Mjmy —

(3)
Ejﬂ'o

where the numerator AM fThi"a denotes
the change in import in sector 7 from China
over period 7. The denominator (Y +
M; 7,

sorption in sector j in the initial period 7.

— Ej;,) represents the domestic ab-

Technical changes between firms: re-
allocation of employment and sur-
vival

To assess between-firm effects of Chinese
import competition, we estimate the fol-
lowing equation:

Aln(N), . = BNAIP;,

1,5,T
+ )\N (TECHLJ'JO * A[Pjﬂ—)
T YTECH iz + 7 Xijr

torteir (4)

where N is a measure of employment.
TECH; ;5 is a measure of technology level
for firm ¢ in sector j in the initial period 7p.
Increasing import competition from
China could affect the probability of sur-

vival. Thus, we estimate the effect of trade
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on survival of firms in our data as follows:

Sijr = B5AIP;,
+ XN(TECH; j . % AIP; )
+ ¢TECH, j

+ ’)’Xi,jﬂ— +ar + €57 (5)

where S;;, = 1 if firm ¢ in sector j
survives over period 7 and zero otherwise.
Equation (5) is estimated on a cohort of
firms that exist in the sample in a given
base period.'* We follow those firms over
period 7 to assess their value for S; ; ;.
The main parameter of interest is A in
equations 4 and 5 as it reflects whether the
size of the effect of Chinese import com-
petition on employment growth or survival
varies with the initial level of technology. If
low-tech firms are affected more negatively
by China then we expect A > 0. In other
words, A > 0 indicates that employment
tends to shift towards high-tech firms and
low-tech firms tend to exit in response to

increasing Chinese import competition.
Identification strategy

To identify shocks exogenously driven by
rising Chinese exporting capacity, we ex-
ploit the fact that growth in Chinese ex-
ports to developed economies like Canada
since the early 2000s were mostly driven
by factors internal to China (e.g. urban-

ization, opening to foreign investment, ris-

ing competitiveness in manufacturing, and
accession to the WTO) rather than by
positive demand shocks within developed
economies.

We capture the common within-industry
factors of rising Chinese exporting capac-
ity, which stemmed from rising Chinese
comparative advantage in manufacturing
and lower trade costs due to factors in-
ternal to China. Thus, following Autor,
Dorn, and Hanson (2013), we instrument
for changes in the Chinese share of the
domestic absorption in Canada using the
changes in Chinese imports in the follow-
ing eight advanced economies: Australia,
Denmark, Finland, Germany, Japan, New
Zealand, Spain and Switzerland.!®

The first-stage regression is the follow-

ing:

AIP;. = 0AIPE; + 7Xj

+ar 1+ pjr (6)

where AIPE;; represents changes in the
Chinese import penetration ratio in the
eight comparison countries.

The above strategy has the following
key identifying assumptions: 1.) industry-
specific shocks are uncorrelated across
Canada and the eight countries; and 2.)
there are no strong increasing returns to
scale in Chinese manufacturing such that
Canadian shocks increase efficiency within
relevant Chinese manufacturing industries
and lead them to export more to the eight

other economies. The former may be a

14 T2-LEAP-SRED is adjusted for mergers and acquisitions and legal restructuring. Therefore, we can treat

disappearance of a firm as true exit.

15 We exclude the United States because its economy is highly integrated with Canada and is likely to have

experienced similar demand shocks.
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concern in our analysis. We are particu-
larly concerned with the possibility of cor-
related shocks related to the innovation in
the use of ICT technologies, which were ob-
served in most of the advanced economies
around the world, increasing demand for
ICT-related goods from China.'® The sec-
ond is not of serious concern since Canada
is a small open economy. Shocks within
4-digit NAICS in Canada are not likely to
have a substantial impact on the efficiency
within relevant Chinese industries.

It appears that the change in trade ex-
posure to China in the eight advanced
economies has good predictive power for
the change in Canada. In our regression
analysis, we use b-year sub-periods cover-
ing the 2000-2012 period. R-squared varies
across the b-year sub-periods but is greater
than 80 per cent in most cases — ap-
proximately 80 per cent of the variation
in the import penetration ratio in Canada
is presumably driven by exogenous supply

shocks.
Descriptive Statistics

Summary statistics for some key vari-
ables used in our analysis by initial employ-
ment size are reported in Table A1 and A2
in the Appendix. Firms in the R&D sam-
ple (Table Al) tend to be larger in terms
of employment and have a larger increase

in their productivity over time, compared

to the firms in the TFP sample (Table A2)
which is a larger sample. Both in the R&D
and the TFP sample, we find that the ini-
tial level of profitability and the initial pro-
ductivity level were lower for smaller firms
than for larger firms. In other words, firms
with initially smaller employment are more
likely to operate in more competitive mar-
kets with technology gaps in the initial pe-
riod.

Both in theoretical and empirical works,
it is suggested that the initial level of prof-
itability (or product market competition)
and productivity of a firm have important
implications for the firm’s innovative effort
in response to an increase in competition.!”
It is observed that, on average, initially
smaller firms experienced a larger increase
in the Chinese import competition; a larger
decrease in profitability; and a smaller in-

crease in their productivity level.

Regression Results: R&D Equa-
tion

Baseline results

In Table 1, we report the regression re-
sults for estimating our R&D equation. As
in Bloom et al. (2016), we use overlap-
ping long-differenced samples of a 5-year
period (i.e., 2000-2005; 2001-2006; 2002-
2007; and so on) to maximize the number of

observations in our sample.!® Using first-

16 Some robustness checks reveal that our result is not particularly sensitive to these industries. Refer to Kim

(2019:18) for details.

17 See, for example, Aghion et al. (2005) and Autor et al. (2017).

18 Similar results are found when we use different lengths of overlapping sub-periods (e.g. 3-year; 6-year). We
also tried using one or two long-differenced sub-periods (e.g. 2000-2007 or 2000-2005 and 2005-2010). Again,
we found that the coefficients for AIP remain very similar to the ones reported in Table 1.
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differenced samples (i.e., change from one
year to another) may lead to attenuation
bias. It may not capture any meaningful
adjustment in the innovation effort in re-
sponse to increasing Chinese import com-
petition, which is likely to occur over the
medium- or long-term.

In columns 1 and 2, we estimate the same
R&D equation but using different estima-
The OLS estimate in col-
umn 1 indicates that there is no signifi-
cant effect of the China shock on the R&D

expenditure growth within manufacturing

tion methods.

firms. Using exogenously-driven variation
in AIP, we find a negative and statistically
significant effect on R&D in column 2.1

However, there could be unobserved
industry-specific shocks that are correlated
with both R&D investment and the Chi-
nese import penetration ratio. Hence, as
our first robustness check, in column 3, we
report the results for controlling for indus-
try trends in our sample. Here, we in-
clude 3-digit NAICS industry dummies.?
We continue to obtain a negative and sta-
tistically significant coefficient on AIP al-
though the coefficient is slightly smaller
due potentially to attenuation bias.

In column 4, we include different firm-
level controls to account for potential con-

founding factors. First, we include R&D

intensity (R&D stock divided by value
added) and tangible capital-to-value added
ratio, both measured in the initial period
(e.g. the 2000 value for the 2000-2005 sub-
period). Second, we include the log of
wage per worker averaged over our sam-
ple period.?!  Similar to Bernard et al.
(2006) and Bloom et al. (2016), we use
these variables as proxies for the initial
technology level. Third, we include dum-
mies for foreign-controlled firms and for the
enhanced SR&ED tax credit recipients.??
The coeflicient for AIP remains negative
and statistically significant with these con-

trol variables.
Explaining the Negative Effect

It is possible that increasing Chinese
imports leads to declining R&D expendi-
ture by creating competitive pressure on
firms, reducing their expected rents after
R&D relative to rents before R&D. How-
ever, with differential degrees of competi-
tion initially faced by firms, the impact of
increasing competition on R&D investment
may not be uniform across all firms (e.g.
Aghion et al., 2005).

Firms with significant market power (e.g.
larger firms) may be less responsive in ad-
justing their R&D effort. Their rents would

19 We experiment with an alternative instrument as proposed in Bloom et al. (2016), which is similar in nature
to the instrument adopted in Card (2001) by using as instruments the Chinese import penetration ratio mea-
sured in the initial period as instrument for its subsequent increases. We still find a negative and statistically
significant coefficient. Refer to Kim (2019:17) for details.

20 We also allow the time trends to differ by 3-digit NAICS industry.

21 Wage is defined as payroll divided by average labour unit. Since the average labour unit is defined as the total
payroll divided by average annual wage of a typical worker in the firm’s 4-digit NAICS industry, province and
firm size class, wage would be defined not at the firm-level but at the 4-digit NAICS industry x province x

firm size class level.

22 We find that the control variables are jointly significant.
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Table 1: R&D Equation, Manufacturing, 2000-2012

1: OLS 2: 25LS 3: Industry fixed effects  4: Various firm-level controls
AIP -0.461  -1.027*** -0.857* -0.805%*

(0.285) (0.395) 0.448) (0.398)
No. firm x period 118,427 116,683 116,683 101,485
No. firms 17,314 17,066 17,066 15,529
Listimation OLS 2SLS 2SLS 2SLS

Note: The dependent variable is Aln(R&D expenditure). All columns include period fixed effects. Stan-
dard errors are in parenthesis. A denotes a 5-year difference. The number of observations is smaller for
the columns based on our IV approach than column 1 since there is no HS-NAICS mapping for NAICS
3328 (see Kim (2019) for details). For column 4, some observations have missing values for some of the
control variables we consider. Hence, the number of observations is slightly smaller than in the other

columns. *** p < 0.01; ** p < 0.05; * p < 0.10.

not be significantly affected by rising com-
petition as it would be difficult for laggards
(i.e., Chinese manufacturers) to overtake
leaders (i.e. large Canadian manufactur-
ers) or Chinese manufacturers may operate
in different product markets. On the other
hand, for firms already facing a high de-
gree of competition with technology gaps
(e.g. smaller firms), increasing competition
may substantially hurt their profit margins,
implying less room to finance innovation??
and/or to capture rents after R&D. As a re-
sult, if such firms survived, they might have
been more responsive in reducing their ex-
penditure on R&D as competition rises.
To empirically examine this idea, we es-
timate the R&D equation in which we in-
teract AIP with the size indicator to ex-
amine whether the coefficient differs by size
group (in terms of the initial employment
size).?*  Small firms tend to be not only
less profitable (or operating in more com-

petitive markets) but also less productive

in the initial period (see Table Al in the
Appendix). In column 1 in Table 2, we find
negative coefficients in all three size groups
but the statistical evidence for medium and
large firms is weak. It appears that only
small firms were negatively affected.?®

It is likely that small firms’ profit mar-
gins were negatively affected by rising im-
port competition, leading them to reduce
R&D expenditure. We estimate the impact
of increasing Chinese imports on the prof-
itability of firms performing R&D in manu-
facturing. Given the data availability in the
T2-LEAP-SRED database, we define prof-
itability as profit divided by sales where we
use net income or loss before tax as profit.

In column 2 in Table 2, our 2SLS esti-
mate indicates that increasing Chinese im-
port competition indeed reduces the prof-
itability of firms. A further analysis by
size in column 3 indicates that only small
firms were negatively affected by increasing

import competition from China. We find

23 For example, Hall (1992) finds a positive elasticity of R&D investment with respect to cash flow controlling
for other factors and that debt is not a preferred form of financing R&D. Using cash flow is likely to be the
main avenue to finance R&D since external financing may be costly.

24 We define the three size groups based on the average labour unit (ALU) observed in the initial period: small
(ALU < 100); medium (100 < ALU < 500); and large (500 <).

25 We also estimated the equation based on two size groups by aggregating medium-sized and large firms. How-

ever, we found the same qualitative results.
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Table 2: R&D and Profit Equation, 2SLS, Manufacturing, 2000-2012

Aln(R&Dinvestment) AProfitability
1 2 3
AIP — -0.057*** —
(0.018)
AIP X initially small -1.299%** — -0.068***
(0.468) (0.022)
AIP x initially medium — sized -1.056 — -0.014
(0.950) (0.031)
AIP X initially large -0.991 — -0.013
(0.836) (0.025)
No. observations (firm x period) 116,683 103,816 103,816
No. firms 17,066 15,956 15,956

Note: Period fixed effects are included in all columns. Standard errors are in parenthe-
sis. A denotes a 5-year difference. Initial employment size is measured as the average
labour unit (ALU) observed in the initial year (e.g., ALU in 2000 for the 2000-2005
sub-period). We define the three size groups based on the average labour unit (ALU)
observed in the initial period: small (ALU < 100); medium (100 < ALU < 500); and
large (500 <). Profitability is defined as profit/revenue where we use net income or loss

before tax as a proxy for profit.
**K p < 0.01; ** p <0.05 * p<0.10.

no evidence that the profitability of larger
firms is affected by Chinese imports. This
implies that rising Chinese import compe-
tition translated into increased competitive
pressure (i.e., decreasing mark-ups) mostly
for small firms.?

We carry out some robustness checks.
We divide observations into three groups
groups by their profitability level observed
in the initial year and by the initial TFP
level (measured as relative to the industry
average), respectively. We indeed find that
a higher initial level of competition faced
by firms or a lower initial level of produc-
tivity is associated with a larger negative
effect of rising Chinese competition on their
R&D expenditure.?”

In summary, smaller firms or firms ini-
tially operating in more competitive mar-
kets with technology gaps appear to be
the ones most directly affected by increas-
ing Chinese import competition. Declin-
ing profit margins indicates less room to
finance R&D and/or lower expected post-
innovation rents implying it is optimal for
them to scale down their expenditure on
R&D if they survived. In contrast, profit
margins of larger firms or firms initially op-
erating in less competitive markets with
relatively high levels of technology were
not affected much by increasing Chinese
competition, and hence, they made less or
no adjustment in their R&D investment.

These larger firms may have been incum-

26 These results (both R&D expenditure and profit margins by size) are not driven by very small firm or “micro-
firms” in our sample. We tried dropping increasingly larger “micro-firms” (e.g. firms with ALU<2, ALU<3,
ALU<4 and so on) but the significance level and the sign of the coefficients remained the same. Also, the
magnitude of the coefficients did not change significantly. We also tried including industry fixed effects since
small firms tend to be in industries with large increases in Chinese import penetration ratio during our sam-
ple period (see Table Al in the Appendix). Even with the industry fixed effects, we still found that only
small firms experienced declines in their R&D expenditure and profit margins due to rising Chinese import

competition.

27 Refer to Kim (2019) for the results.

84

NumMmBER 37, FALL 2019



bents competing with each other with sim-
ilar levels of technology within their prod-
uct markets but faced not much competi-
tion having small or no incentives to in-
novate. Or if there were laggards they
would quickly catch up the leaders but once
they have caught up they would have been
slow to innovate further given low com-
petition. At equilibrium, there would be
a larger fraction of neck-and-neck compet-
ing incumbents with not much innovation.
Such initial state (or the competitiveness
of the market for these firms) were not af-
fected much when Chinese manufacturers
entered the Canadian market. As a results,
the incumbent firms maintained the status
quo which we observe in our data: no effect
on their profitability and hence, not much
adjustment in their innovative effort in re-
sponse to rising Chinese competition.?®

Some firms may have undergone
industry-switching or reorganization such
that they shift away from the physi-
cal production of goods towards “neuro-
manufacturing” where they focus more on
the design, engineering, and marketing of
their goods or towards producing related

29 This may have

professional services.
spurred additional R&D investment within
these firms but this would be observed in
our data only if their primary industry code

did not change to non-manufacturing due

to the shift of their economic activity.

Our results imply that firms accounting
for a large share of the total R&D expen-
diture are not likely to reduce R&D in re-
sponse to increasing Chinese import com-
petition. A small number of medium-sized
and large firms account for a disproportion-
ately large share in the total R&D expen-
diture in Canadian manufacturing. These
larger firms account for 14 per cent of the
total observations but about 77 per cent of
the total R&D expenditure in manufactur-

ing.30

Hence, the cumulative partial im-
pact of the China shock on the aggregate
R&D expenditure in manufacturing may be

limited.

Regression Results: TFP, Em-
ployment, and Survival Equa-
tion

In order to assess the impact of China
on the technical change in Canadian man-
ufacturing in a broader perspective, we es-
timate its impact on TFP within Cana-
dian manufacturing firms and on the em-
ployment and the survival of firms to as-
sess potential reallocation effects. Using
the estimates from these analyses, we carry
out a TFP decomposition in section six to
estimate the share of the aggregate TFP

change in Canadian manufacturing induced

28 This is more likely to be the case for large firms or firms operating in a concentrated market. In the follow-
ing section, we show medium-sized firms appear to have resorted to other types of productivity-enhancing
activities while not scaling back their R&D in response to rising import competition.

29 Some U.S. examples are Apple and IBM. Apple outsources its production to China and focuses more on
product development and producing related services in the United States. IBM sold their ThinkPad business
line to Lenovo which produces ThinkPad laptops in China. IBM now produces professional services related

to data management and system design.

30 Medium firms (large firms) account for 11 (3) per cent of the total observations but 23 (62) per cent of the
total R&D expenditure in manufacturing on average over the 2000-2012 period.
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by increasing Chinese import competition.
Within-effect: TFP Equation

For estimation of firm-level TFP, we ex-
perimented with OLS and GMM for a
dynamic panel data model introduced in
Blundell and Bond (1998) (i.e., system-
GMM). We estimate a firm-level Cobb-
Douglas production function by three-digit
NAICS industry in manufacturing and use
the estimated coefficients for inputs to re-
trieve estimates of firm-level TFP.?! In this
section, we report the results based on OLS
as we could not find a completely satisfac-
tory specification for GMM. We carried out
all our analyses using firm-level TFP esti-
mated with system-GMM and found that
the key results in the article did not change.
In Kim (2019), we discuss in more de-
tail different estimation strategies includ-
ing semi-parametric approaches and our
reasons for adopting OLS to estimate TFP
in our study.

Table 3 reports the results from estimat-
ing the TFP equation as described in sec-
As with R&D, we find that

increasing Chinese import competition re-

tion three.

duces the TFP growth within manufactur-
ing firms as indicated by the negative coef-
ficient in column 1. The negative effect is
robust to including industry fixed effects or
including the firm-level controls introduced

in column 4 in Table 1 or using the alter-

native instrument (see footnote 23).

The negative within-effect reported in
column 1 can be related to our find-
ings for R&D: in response to rising im-
port competition, initially smaller and
poorly-performing firms experienced de-
clining profit margins and scaled back their
R&D effort.

sarily R&D performers) that survived in

If similar firms (not neces-

manufacturing scaled back their expendi-
ture on R&D (if had any) and/or did
not allocate their resources to additional
productivity-enhancing effort (e.g. better
management or inventory controls), then
their TFP growth would decline.

As is the case for the R&D sample, we
find a negative effect of increasing Chinese
import competition on profitability for the
TFP sample (column 3 and 4).

tantly, we find that only small firms experi-

Impor-

enced a negative effect on their profitability
while larger firms did not. We estimate the
TFP equation by interacting AI P with the
size indicator (defined based on ALU ob-
served in the initial period) in column 2 in
Table 3. Again, only small firms experi-
enced a negative effect on TFP growth.??
Medium-sized firms actually experienced
productivity gain due to increasing Chinese
import competition while we find no ev-
idence that large firms’ TFP growth was
affected.

Medium-sized firms may have focused

on other productivity-enhancing activities

31 We also estimated a production function by two- and four-digit NAICS industry and carried out all the
analyses. We found that the qualitative results remained the same.

32 As is the case in our R&D analysis by size, these results are not driven by very small firm or “micro-firms”.
‘We carried out the same sensitivity test as described in fn 30. Also, small firms tend to be in industries with
large increases in the Chinese import penetration ratio (see Table A2 in the Appendix). We tried including
industry fixed effects and still found that only small firms’ TFP growth and profit margins were negatively

affected.
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Table 3: TFP and Profit Equation, TFP Sample, 2SLS,

Manufacturing, 2000-2012

Aln(TFP) AProfitability
1 2 3 4
AIP -0.137%** — -0.012%** —
(0.023) (0.004)
AIP x initially small — -0.164%** — -0.015%***
(0.024) (0.004)
AIP x initially medium — sized — 0.140%* — 0.018
(0.081) (0.018)
AIP X initially large — 0.063 — 0.003
(0.111) (0.012)
No. observations (firm x period) 241,054 241,054 223,886 223,886
No. firms 43,331 43,331 41,984 41,984

Note: Period fixed effects are included in all columns. Standard errors are in parenthe-
sis. A denotes a 5-year difference. Initial employment size is measured as the average
labour unit (ALU) observed in the initial year (e.g., ALU in 2000 for the 2000-2005
sub-period). We define the three size groups based on the average labour unit (ALU)
observed in the initial period: small (ALU < 100); medium (100 < ALU < 500); and
large (500 <). Profitability is defined as profit/revenue where we use net income or loss

before tax as a proxy for profit.

*RK p < 0.01; ¥ p < 0.05; * p < 0.10.
(e.g. better management practices or in-
ventory controls) while not scaling back
their R&D investment (if they have in-
vested in R&D) to remain competitive in
the market.

fort to enhance productivity, if any, did

In contrast, large firms’ ef-

not seem to have much effect on its TFP
growth.

We also estimate the TFP equation split-
ting the observations into two categories
(below and above the mean) by the initial
profitability and productivity level , and
find that the negative effect on TFP growth
is mainly on less profitable and less produc-
tive firms. Also, we find the same qualita-
tive results for the within-effect on TFP for
the R&D sample. Refer to the Kim (2019)
for the discussion and the results.
Between-effect: Employment and
Survival Equation

The effect of increasing Chinese imports
on the overall TFP in Canadian manufac-

turing cannot be fully assessed with the

within-effect. The aggregate TFP change
also includes the change driven by the re-
allocation of resources. That is, increasing
Chinese import competition may have real-
located employment towards more produc-
tive firms or induced less productive firms
to exit. These reallocation effects could be
significant in driving the aggregate change
in the TFP level in manufacturing.

In this section, we report the results
from estimating the effect of increasing
Chinese import competition on the em-
ployment growth and the survival of firms
in manufacturing, particularly focusing on
differential effects stemming from different
initial technology levels of firms. We would
like to study whether more technologically
advanced firms are less likely to reduce em-
ployment and more likely to survive in re-
sponse to increasing Chinese competition
in the domestic market.

In Panel A of Table 4, we estimate the
effect of China on the log change in em-
ployment but allow the effect to differ by
the initial technology level by interacting
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Table 4: Employment and Survival equation, 2SLS, Manufacturing

TECH variable:

R&D stock

TFP

Panel A: Employment equation

Dependent: A In(employment) 2 3 4
AIP -0.136%* -1.253%%*  _(.289%**  _(.294%**
(0.068) (0.567) (0.045) (0.046)
AIP x Initial TECH — 0.105%** — 0.381***
(0.053) (0.094)
Initial TECH 0.026%** 0.022%** 0.327%** 0.310%**
(0.004) (0.004) (0.008) (0.008)
No. observations (firm x period) 38,153 38,153 165,825 165,825
No. firms 9,628 9,628 37,042 37,042

Panel B: Survival equation

Dependent: S 2 3 4
AIP -0.027%** -0.165 -0.033%**  _(0.032%**
(0.012) (0.125) (0.011) (0.011)
AIP x Initial TECH — 0.013 — 0.068%**
(0.011) (0.021)
Initial TECH -0.003* -0.004* 0.048%** 0.043%**
(0.002) (0.006) (0.005) (0.004)
No. firms 6,937 6,937 32,861 32,861

Note: Period fixed effects are included in all columns. Standard errors are in paren-
theses. A denotes a 5-year difference. The dependent variable in Panel A is the log
change in employment. The dependent variable in Panel B is S which equals one if a
given firm survived the entire 2002-2007 period and zero otherwise. We use the average
R&D stock and TEFP level (measured as relative to the 3-digit NAICS industry average)
observed in the initial and the two years prior to the initial year to mitigate potential
measurement errors (e.g., average over the 2000-2002 period for the 2002-2007 period).
Hence, the sample period is 2002-2012 for Panel A and 2002-2007 for Panel B. R&D

stock is divided by employment.

Similar results are found when we use R&D stock

divided by sales. Both technology variables enter the equation in logs.

#i% p < 0.01; ** p < 0.05; * p < 0.10.

ATP with the initial technology level. We
use two proxies for the technology level:
R&D capital stock and the TEP level (mea-
sured as relative to the 3-digit NAICS in-
dustry average). We find that increasing
Chinese import competition is associated
with a lower employment growth. More
importantly, the negative effect of increas-
ing Chinese import competition on the em-
ployment growth is smaller the higher the
initial technology level. This is shown as
the positive and statistically significant co-
efficients on the interaction terms (column
2 and 4). These results indicate that high
tech firms may have been “shielded” from
the negative effect of increasing Chinese
imports on employment.

Next, we estimate the survival equation.

For the survival analysis, we focus on a co-

hort of firms that was alive in a given ini-
tial year. We model the probability of their
survival following these firms for five years.
Our sample period in this analysis is 2002-
2007 since we use as a measure of initial
technology level the average R&D stock or
the average TFP level measured based on
the initial and the two years prior to the
initial year to mitigate potential measure-
ment errors. We continue to base our anal-
ysis on a 5-year sub-period to be consistent
with the other analyses in the article.

The results reported in Panel B of Ta-
ble 4 indicate that firms in industries with
larger increases in the Chinese import pen-
etration ratios are less likely to survive (or
more likely to exit). A one-percentage-
point increase in the penetration ratio is

associated with a decrease in the survival
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probability of 0.027 to 0.033 percentage
points according to column 1, 3, and 4 in
Panel B.?* Again, we find that more tech-
nologically advanced firms (as proxied by
the average TFD level) are “shielded” from
the negative effect of increasing Chinese
imports as indicated by the positive and
statistically significant coefficient on the in-
teraction terms in column 4.** When R&D
stock is used to proxy the initial technol-
ogy level (column 2), we find the coefficient
on the interaction term is insignificant but

positive.
Quantifying the Role of China

Using the results from our regressions,
we contextualize the findings to provide a
broad picture of the role of China in driving
the technical change in Canadian manufac-
turing. We would like to ask: for a given
period, how much of the total change in
real RE&D investment and the TFP level in
Canadian manufacturing can be explained

by increasing Chinese tmport competition?
R&D Expenditure

We calculate the predicted change in the

aggregate R&D expenditure driven by in-

creasing imports from China as follows:

ARED."™ = Y pheD
i

* ﬁpj,T * R&D@jp (7)

(14D is the marginal response of

where
R&D expenditure growth with respect to
an increase in Chinese import penetration
ratio and ATl P; ; is the exogenously-driven
change in the Chinese import penetration
ratio for manufacturing sector j over pe-
riod 7. We estimate AT7 P; . by discounting
the actual AIP;, by the R-squared from
the first stage regression. R&D; ;g is the
actual level of R&D expenditure for firm ¢
in sector j at the start of period 7.

Table 5 reports the change in real R&D
expenditure induced by increasing Chinese
import competition for the 2000-2005 and
2005-2010 period, respectively. The esti-
mates are based on the size-specific coeffi-
cients from column 1 in Table 2.3

We estimate that had there been no
increase in Chinese import competition,
R&D expenditure would have increased by
about 8 per cent more (i.e., by $1,318 mil-

lion instead of $1,220 million) between 2000

33 Note that the mean exit rate of this cohort is 6.1 per cent for the 2002-2007 period. Using the mean AIP
and initial technology level, our estimates in column 4, for example, represent roughly 1.23 percentage-point-

increase in the mean exit rate.

34 Our sample and the estimates imply that increasing Chinese imports decreased the exit rate of high tech firms

and increased the exit rate of low tech firms. For example, based on the estimates from column 4 and the
mean AIP and initial TFP level observed for the 2002-2007 period, the firms in the top 30 per cent of the
initial TFP level distribution have a predicted mean exit rate of 2.4 per cent which is lower than their actual
mean of 3.9 per cent while the firms in the bottom 30 per cent have a predicted mean exit rate much higher
than their actual mean rate (13.2 per cent vs. 9.4 per cent).

35 We carried out the same calculations assuming only small firms adjusted their R&D in response to rising
Chinese import competition. We found that the role of China in explaining the total change in R&D falls
roughly by a half. We also tried using the aggregate coefficient from column 2 in Table 1. With this, in an
increase in the role of China by roughly 80 per cent. The former is potentially a lower bound since we assume
all medium-sized and large firms did not adjust their R&D. The latter is potentially an upper bound since we
impose the larger aggregate coefficient (driven mainly by small firms) on all firms in our sample.
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Table 5: Change in R&D Expenditure due to China,
Manufacturing, Millions of 2007 CAD, 2000-2010

2000-2005  2005-2010
(1) R&D expenditure in Year 1 of sub-period 5,670 7,060
(2) Actual change 1,220 -1,360
(3) Actual % change 21.5% -19.3%
(4) Induced change in R&D due to China -98 -89
(5) Counterfactual change in R&D (2 - 4) 1,318 -1,271
(6) Counterfactual % change (5/1) 23.2% -18.0%

Note: Estimates are computed based on the coeflicients reported in column
1 in Table 2. R&D expenditure includes only domestically performed R&D

in manufacturing.

and 2005. This counterfactual translates
into a growth rate of 23.2 per cent be-
tween 2000 and 2005, a 1.9 percentage-
point-increase from the actual growth rate
of 21.5 per cent. Between 2005 and 2010,
R&D expenditure in manufacturing fell by
$1,360 million CAD. Our estimates imply
that China can explain about 6.5 per cent
of the total decline for this period. This
implies that if the Chinese import penetra-
tion ratio did not change between 2005 and
2010, R&D expenditure in manufacturing
would have fallen by 18.0 per cent instead
of 19.3 per cent.

TFP

To assess the role of increasing Chinese
imports in driving the aggregate TFP in
Canadian manufacturing, we carry out a
standard productivity decomposition using
the estimates from Equation (1), (2), (4),
and (5) following a similar decomposition
methodology introduced in Bailey, Hul-
ten, and Campbell (1992), Foster, Halti-
wanger, and Krizan (2000), and Bloom et

al. (2016):
N
APy =" si0 (pijt — pijo)
=1

SiO)

N
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+ E <p 15t -P Jt )
icentrant

(8)

where P, denotes the aggregate TEFP
level at a given point in time ¢t. AP; repre-
sents the aggregate change in TFP between
time 0 and ¢. s;; denotes the employment
share of firm ¢ at time ¢ (7.e., firm employ-
ment divided by total employment in man-
ufacturing).®® p;, is the average TFP of all
firms in sector j at time ¢t. N is the total
number of firms in manufacturing.

The first term in Equation (8) is the
within-firm effect which is the change in
TFP level holding employment shares con-

stant. The second term is the between ef-

36 Output shares could be used as weights in TFP decomposition. We adopt labour shares as weights in our
decomposition given our econometrics framework based on Bloom et al. (2016).
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fect, the change in TFP level due to shift-
ing employment from less productive firms
to more productive firms holding the initial
productivity level constant. The third term
is the cross effect which is simply the cor-
relation between the change in TFP level
and the change in employment share within
firms. The second last term is the exit ef-
fect which represents the change in TFDP
level due to firm exits. The last term rep-
resents the entry effect. The contribution
of entrants and exitors depends on entering
or exiting firms’ p; relative to the average
p; of the incumbents.

We explicitly model each term in Equa-
tion (8) (except for the entry effect). Fol-
lowing Bloom et al. (2016), we can re-write
Equation (8) in terms of our estimates from
Equation (2), (4), and (5). Using our esti-
mates from TFP, employment, and survival

equations, we have:

China
AP,
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where gTFP

tion (2). s;%¢"weem is the predicted share of

employment for incumbent firms and s¢¥%

is the coefficient from Equa-

is the predicted share of employment in ex-

iting firms as defined in the following.

between __
Sit =

Nio(1+ BNAIP; + AN AIP;pijo)
SN Nio(1+ BNAIP; + ANAIP;pijo)
(10)

where BN and AN are the coefficients
from Equation (4). Njo is the employment

level in firm 7 at time O.

Nio(1 — BSAIP; — NSAIP;pijo)
Zz’:l Nlo(l — BSA[P] — )\SAIPjpijo)
(11)

where 5% and A% are the coefficients from
Equation (5).
Finally, we can compute the magnitude

of each component in Equation (9) by com-
APChina

AP where AP, is the

actual change in the aggregate TFP level

puting the ratio

in manufacturing over the period 0 — ¢.

We cannot directly quantify the entry ef-
fect at the firm-level as it is not possible to
observe the technology level of a given firm
before entry.>” We can implicitly assess the
magnitude of the entry effect by estimat-
ing an industry-level version of Equation
(2) and compare its coefficient which pre-
sumably captures within-, between-, and
entry effects with the corresponding firm-
level coefficients. We estimate that the en-
try effect is potentially small (refer to Kim
(2019:32)).

Table 6 reports the results from our pro-

ductivity decomposition focusing on the

37 Note that it is not appropriate to use the technology level at the time they enter as it is likely to be endogenous.
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Table 6: Change in TFP due to China, Manufacturing, 2005-2010

As a % of the decline in the TFP level between 2005 and 2010

Within (-)
Between (+)
Exit (+)
Cross (+)
Total (+)

5.4%
-17.1%
-3.9%
0.0%
-15.6%

period 2005-2010.3% Note that the mag-
nitudes are presented as a share of the
actual decline in the aggregate TFP level
in manufacturing between 2005 and 2010.
Hence, negative (positive) sign implies that
increasing Chinese import competition has
positively (negatively) affected the total
change in the TFP level.

We find that the TFP level declined
within manufacturing firms between 2005
and 2010, negatively affecting the aggre-
We

estimate that the within-effect driven by

gate TFP level in manufacturing.

increasing Chinese import competition can
explain roughly 5 per cent of the total de-
cline in the TFP level in Canadian manu-
facturing. However, there were substantial
gains in the aggregate TFP level through
the reallocation of resources. In response
to increasing Chinese import competition,
employment shifted from less productive

Also,

firms to more productive firms.

less productive firms exited the market al-
though its impact on the overall TFP is
relatively small. The reallocation effects
(between plus exit) driven by increasing
Chinese import competition more than off-
set the negative within-effect, resulting in
a net positive effect on the aggregate TFDP
change between 2005 and 2010. That is,
had there been no increase in Chinese im-
port competition in Canada, the per cent
change in the aggregate TFP level would
have been -1.26 per cent per year instead
of -1.09 per cent per year.? As is often the
case in other empirical studies, the cross-
effect is negligible.

Our estimates imply that the realloca-
tion of resources appears to be the main
channel through which rising import com-
petition raised the overall productivity per-
formance in Canadian manufacturing. The
within effect is negative but potentially

small since the effect was pronounced in

38 We also analyzed the 2000-2005 period and the qualitative results were the same — as is the case for the
2005-2010 period, the sum of the between- and exit-effect was positive and more than offset the negative
within-effect. However, the impact of China was not economically significant. Also, the actual TFP growth
between 2000 and 2005 was very small (e.g. 0.42 per cent based on the CPA data or 0.02 per cent based on
the T2-LEAP-SRED database). Our estimates from the decomposition exercise imply that increasing Chinese
import competition explains less than 2 per cent of the total increase in the TFP level in manufacturing for

this period.

39 For the within-effect, we use the coefficient reported in column 1 in Table 3. If we use the size-specific coef-
ficients reported in column 2, the within effect becomes positive (a positive contribution to the overall TFP
change) but the absolute per cent level is nearly zero, increasing the total impact by about 6 percentage points.
Hence, one may conclude that the within effect is either negative but relatively small or zero.

40 Or -6.82 per cent instead of -5.90 per cent (or -1.36 per cent per year instead of -1.18 per cent per year) based

on the CPA data.
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small firms which tend to be less productive

in the initial period.

Conclusion

Utilizing as a natural experiment the
rapid increase Chinese import share in
the total domestic absorption in Canadian
manufacturing, we find that rising Chinese
import competition led to declines in R&D
expenditure and TFP within firms. Espe-
cially, the declines in R&D and TFP were
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Appendix

Table Al: Summary Statistics, R&D Sample, by Initial Employment Size,
Manufacturing, 2000-2012

Employment  R&D Initial Initial AIP AIPE Aln(TFP) AProfitability
expenditure  Profitability = Productivity

Total

Mean 85 430 -0.009 -0.051 0.049 0.077 0.073 -4.957

Std. Dev. 494 6,606 X 0.685 0.102 0.143 0.788 X

Small

Mean 24 129 -0.016 -0.068 0.050 0.080 0.057 -5.225

Std. Dev. 32 474 X 0.675 0.099 0.141 0.772 X

Medium

Mean 182 600 0.035 0.004 0.045 0.065 0.136 -3.520

Std. Dev. 134 2,025 X 0.693 0.109 0.140 0.805 X

Large

Mean 1,694 9,668 0.055 0.252 0.030 0.042 0.257 -2.440

Std. Dev. 2,543 39,500 x 0.844 0.160 0.204 1.070 X

Note: The number of observations is 116,683 (small: 100,894; medium-sized: 12,740; large: 3,049). A denotes a
5-year difference. All the initial values are the values observed in the initial year of a given sub-period. Employment is
measured as the average labour unit. We define the three size groups based on the average labour unit (ALU) observed
in the initial period (e.g., ALU in 2000 for the 2000-2005 sub-period): small (ALU < 100); medium (100 < ALU < 500);
and large (500 <). R&D expenditure is in thousand 2007 constant CAD. Productivity is measured as log of deviation
from the industry average. Profitability is defined as net income or loss before tax divided by sales. x indicates that
the statistics is suppressed due to confidentiality requirements.

Table A2: Summary Statistics, TFP Sample, by Initial Employment Size,
Manufacturing, 2000-2012

Employment Initial Initial AIP AIPE Aln(TFP) AProfitability
Profitability = Productivity

Total
Mean 41 0.048 -0.010 0.051 0.073 0.057 -0.695
Std. Dev. 291 X 0.519 0.093 0.133 0.506 X
Small
Mean 16 0.048 -0.067 0.051 0.074 0.052 -0.742
Std. Dev. 23 X 0.509 0.091 0.132 0.499 X
Medium
Mean 183 0.050 0.003 0.045 0.062 0.116 -0.017
Std. Dev. 127 X 0.598 0.102 0.130 0.576 X
Large
Mean 1,578 0.074 0.249 0.029 0.041 0.155 0.013
Std. Dev. 2,366 X 0.765 0.169 0.207 0.672 X

Note: The number of observations is 241,054 (small: 225,697; medium-sized: 12,886; large: 2,471). A denotes a 5-year
difference. All the initial value is the value observed in the initial year of a given sub-period. Employment is measured
as the average labour unit. We define the three size groups based on the average labour unit (ALU) observed in the
initial period (e.g. ALU in 2000 for the 2000-2005 sub-period): small (ALU < 100); medium (100 < ALU < 500); and
large (500 <). Initial productivity is measured as log of deviation from the industry average. Profitability is defined
as net income or loss before tax divided by sales. x indicates that the statistics is suppressed due to confidentiality

requirements.
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