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Abstract

This paper investigates the productivity effects of the Canada—United States Free Trade
Agreement (FTA) on Canadian manufacturing. It finds that Canadian tariff cuts increased exit
rates among moderately productive non-exporting plants. This led to the reallocation of market
share toward highly productive plants, which helps explain why aggregate productivity gains
were observed when Canadian tariffs were reduced. The paper also finds that all of the within-
plant productivity gains resulting from the U.S. tariff cuts involved exporters and, especially,
new entrants into the export market. It demonstrates that any lack of output responses and
labour-shedding as a consequence of the FTA were experienced by Canadian plants who were
non-exporters, while exporters captured the gains from the FTA.

Keywords: productivity, trade, exporters, trade liberalization

JEL codes: F14, L6, L1
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Executive summary

The paper investigates the productivity effects of the Canada—United States Free Trade
Agreement (FTA) on Canadian manufacturing. Using industry data, it was earlier established
that Canadian tariff concessions contributed to Canadian productivity growth through inducing
changes in market shares of plants. It was also established that U.S. tariff concessions were
related to improvement in productivity growth of individual plants. In this paper we use
microdata and explicitly evaluate the roles of market-share reallocations (‘between-plant’
growth) and productivity growth at the individual plant level (‘within-plant’ growth) in trade-
induced productivity gains. In particular, we look at entry and exit of plants, and in differential
responses to trade of exporters and non-exporters.

The paper finds that

e (anadian tariff cuts increased exit rates among moderately productive non-exporting
plants. This led to the reallocation of market share toward highly productive plants,
which in turn helps explain why aggregate productivity gains were observed when
Canadian tariffs were reduced.

e All of the ‘within-plant’ productivity gains resulting from the U.S. tariff cuts involved
exporters, and, especially, new entrants into the export market. These results additionally
resolve puzzles in Trefler (2004) whose estimated output and employment responses to
the FTA reflect the problem of pooling exporters (who expanded) and non-exporters
(who contracted).
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1 Introduction

During the period from 1989 to 1999, tariffs between Canada and the United States were
gradually eliminated. As a result of the Free Trade Agreement (FTA) and North American Free
Trade Agreement (NAFTA), Canadian trade with the United States grew dramatically. Up-to-
date research on the effects of trade liberalization shows that it had a huge impact on the
Canadian manufacturing sector, in particular on productivity gains and short-term job losses
(Trefler 2004). Trefler estimates that for the group of industries that received the largest
Canadian tariff cuts, employment fell by 12% while productivity rose by 15%. These
productivity gains were at the industry level, not the plant level. Further, Trefler found that the
U.S. tariff reductions resulted in considerably higher Canadian productivity at the plant level, but
only in modestly higher productivity at the industry level. These striking results present a few
puzzles. First, how is it that Canadian tariff reductions resulted in an increase in industry-level
productivity, but had no effect on the productivity growth of individual plants? Second, why did
U.S. tariff reductions increase the productivity growth of individual plants, but have no
significant effect on industry-level productivity growth?

These two questions suggest that there exists, behind the effects of trade liberalization, some
complex industry dynamics. Papers by Melitz (2003), Melitz and Ottaviano (2005), Bernard et
al. (2004) and Ederington and McCalman (2008) consider the environment with heterogeneous
firms in which trade liberalization induces exit of less-productive plants and market share
reallocation towards more productive plants, which leads to improvement in industry-level
productivity (‘between-plant’ productivity growth). All these models predict that, as a result of
trade liberalization, the lower tail of the productivity distribution will improve as a result of exit
of the least productive non-exporting plants.

Trefler (2004) showed that the FTA also resulted in a strong trade-induced impact on the
productivity of individual plants (the ‘within-plant’ productivity growth effect). One may expect
that trade liberalization induces within-plant productivity growth both because it allows
exporting firms to increase their output and move down their average cost curves (Cox and
Harris, 1985), and possibly because exposure to stronger competition forces plants to behave
more efficiently. Recent papers by Costantini and Melitz (2007), Bustos (2005), Ederington and
McCalman (2008), Yeaple (2005), Ekholm and Midelfart (2005) show that trade liberalization
increases firms’ incentives to invest in new technologies. Such investment leads to productivity
growth within plants. This trade-induced within-plant productivity growth effect typically does
not involve the least productive plants, but rather it affects plants that have already reached some
threshold level of productivity mzy, which is essential for their survival in domestic or foreign
markets. Therefore, this within-plant productivity growth effect should be observed for the
medium-upper part of the productivity distribution.

This paper investigates the comparative importance of the within- and between-plant
productivity growth effects of the Canada—United States FTA upon Canadian manufacturing, and
contrasts the findings against the predictions of trade theory. The paper examines changes in
Canadian manufacturing productivity at both the industry and the plant levels, exploring the
effects of the FTA on entry and exits of plants, changes in the distribution of productivity across
plants, and plant- and industry-level productivity growth. Detailed industry-level data on
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Canadian and U.S. tariff concessions allow for the separate examination of the import-
competition effect of trade liberalization from the increased export market access effect.

The paper finds that Canadian tariff cuts increased industry-level productivity by inducing plant
exits and by increasing the market shares of highly productive plants—i.e., through the between-
plant productivity growth effect. However, this between-plant effect based on market share
reallocation differs from Melitz’s predictions. The paper finds that the exit rates of low-
productivity plants are not strongly affected by trade liberalization. Also, plants in the bottom
productivity quartile produce only about 5% of total output. On the other hand, plants in the top
productivity decile increased their market share by 18% over the FTA period. So, even if every
single low-productivity plant exited the market as a result of tariff cuts, these plant closures
would hardly be large enough to generate the observed market share reallocation toward high-
productivity plants. The observed market share reallocation takes place only within the top half
of the productivity distribution, from relatively productive plants in the 3rd productivity quartile
to highly productive plants in the 4th productivity quartile. Thus, there is Melitz-style selection
only when plants in the bottom half of productivity distribution are excluded.

As for the within-plant productivity growth effect, the paper finds that the U.S. tariff cuts
contributed to the productivity growth of exporters, in particular of new entrants into the U.S.
export market, but had no effect on productivity growth of non-exporters. Canadian tariff cuts
have only a weak effect on the within-plant productivity growth.

To summarize, the FTA-mandated tariff concessions resulted in the following productivity
dynamics. Increase in import competition (captured by Canadian tariff concessions) led to exits
of non-exporting plants and expansion of high-productivity plants. Increase in export market
access (captured by the U.S. tariff concessions) led to within-plant growth, but only for
exporters. It also contributed to exits among non-exporters and market-share reallocation toward
exporters.

The paper also resolves two puzzles in Trefler (2004) by using a triple-differencing methodology
that builds on Trefler’s double-differencing methodology. In addition to Trefler’s pre-post FTA
contrast, it also adds an exporter-non-exporter contrast. The first puzzle concerns Trefler’s
finding of a strong effect of U.S. tariff cuts on plant-level productivity growth, but a weak effect
on industry-level productivity growth. The productivity distribution of plants is tightly related to
their size distribution. Given that the U.S. tariff reductions increased productivity growth only
for relatively low-productivity exporters, the small output weights of these plants explain why
any induced productivity growth of individual exporters shows only weakly in the aggregate
productivity-growth figures. The second puzzling result in Trefler’s work was that the U.S. tariff
cuts did not raise Canadian employment or output. Allowing for a difference in exporter and
non-exporter responses to free trade, the paper finds that exporters experienced an increase in
output, while non-exporters suffered a contraction in their output (which is consistent with the
predictions of Melitz and Ottaviano 2005).
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2 Literature review

Melitz (2003) models industry dynamics in a highly influential theoretical work on trade
reforms. He uses a framework where the reallocation of market shares toward more productive
plants (the ‘between-plant’ productivity growth effect) leads to higher aggregate productivity. As
the survival threshold productivity increases and the export market entry threshold productivity
falls, less productive non-exporting plants exit the market and more plants start exporting.
Applied to the Free Trade Agreement (FTA) experience, this means that the fall in the U.S. tariff
would increase the exit rates of Canadian non-exporters and lead to output declines in surviving
non-exporters, while increasing the number of exporters and expanding their output. The fall in
the U.S. tariff would also increase exports by all firms and induce new entry into the export
market. Melitz and Ottaviano (2005) develop an alternative heterogeneous-firms model, in which
trade also increases the industry average productivity by forcing the least productive firms to
exit. In Melitz (2003) trade increases competition for labour, and wages go up, forcing the least
productive producers to exit. This effect is driven by an increase in exports, while imports
competition does not play a role in reallocation. In Melitz and Ottaviano (2005) the effects of the
factor market competition and product market competition are reversed: the only channel that
matters is the product market competition. Imports competition increases competition in the
domestic market, which forces the least productive firms to exit. Applied to the FTA experience,
these papers suggest that reduction in both the U.S. and Canadian tariffs would increase the exit
rates of the least productive Canadian plants. Bernard et al. (2004) also have a model with
heterogeneous firms in which reduction in costs of exporting leads to aggregate productivity
gains through the plants’ exits and reallocation. Ederington and McCalman (2008) predict that
U.S. tariff cuts would increase the exit rates among Canadian non-exporters, while a fall in
Canadian tariffs would increases exit rates among both exporters and non-exporters.

Costantini and Melitz (2007) develop a model that includes self-selection of more productive
firms into the export market, the joint export-market participation and innovation decision, and
continuing innovation by firms following their export-market entry. In their model, an innovation
induces productivity growth and, following the trade liberalization, the majority of exporters—
both new and existing—choose to innovate, while plants that remain domestic do not innovate.
Hence, one may see a positive effect of the U.S. tariff cuts on productivity growth of Canadian
exporters. Other theoretical models predicting that a foreign tariff cut increases exporters’
productivity by inducing investment in technology include Bustos (2005), Ederington and
McCalman (2008), Ekholm and Midelfart (2005) and Yeaple (2005). In particular, Bustos (2005)
predicts that a decline in the costs of exporting increases technology uptake by new exporters
and low-productivity continuing exporters, i.e., firms in the middle range of productivity
distribution. Ederington and McCalman (2008) predict that trade liberalization increases
technology uptake, both in exporters and non-exporters. In their model, the U.S. tariff cuts
increase technology uptake (and hence the productivity growth) of exporters first, followed by
non-exporters. If late technology adoption is sufficiently delayed, one is likely to observe
productivity growth in exporters following the trade liberalization. The reduction in Canadian
tariff in their model has mixed effects, with the direct effect decreasing the technology uptake by
reducing the market share of domestic firms, however, the indirect effect—through exit of
plants—results in proportionately more plants adopting technology.
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A number of papers investigated the effects of the Canada—United States FTA on different
components of industry dynamics. In particular, the link between trade liberalization and changes
in the number of plants in Canada was the subject of a number of studies. Head and Ries (1999)
looked at changes in the number of plants and average output per plant that were consequences
of the North American Free Trade Agreement (NAFTA). They found that the number of plants
declined in response to tariff cuts, in particular among large plants. They also found that
Canadian tariff reductions “appear to have reduced the scale and number of Canadian
manufacturing plants, while U.S. tariff reductions had the opposite effect on scale and no effect
on entry” (p. 297). Trefler (2004) found this effect at the industry level, but not at the plant level.
Gu, Sawchuk and Rennison (2003) found that a fall in Canadian tariffs increased exit rates of
Canadian firms, with larger increases observed for smaller firms. Beaulieu (2001) also showed
that Canadian tariff cuts were associated with exits of plants, but he found the change in exit
rates to be independent of firm size. As well, Baggs (2005) established that Canadian tariff
reductions increased the exit rates of Canadian firms, while U.S. tariff concessions increased the
survival rates of firms in Canada. In her study, larger firms were better shielded from the adverse
effects of Canadian tariff changes. Insofar as large firms are generally more productive and
exiting firms are less efficient, her findings are consistent with the between-plant productivity
growth effect. Baggs, Head and Ries (2002) found, using Canadian firm-level data, that
Canadian and U.S. tariff cuts had reverse effects on productivity growth, with Canadian tariff
cuts increasing productivity growth of low-productivity firms and reducing it for high-
productivity firms, while U.S. tariff cuts increased productivity growth of high-productivity
firms and reduced it for low-productivity firms. They conclude that Canadian tariff reductions
can contribute to productivity growth by increasing productivity of inefficient firms and share-
shifting toward high-productivity firms."'

To gain more insight into the importance of the between-plant productivity growth effect, it is
imperative to show that tariff-induced exits of low-productivity plants were substantial enough to
generate aggregate productivity growth. Baldwin and Gu (2004a) used a novel productivity
growth decomposition technique to estimate the contribution of between-plant output
reallocation to aggregate productivity growth. Consistent with findings in this paper, they
estimated that for 13 of 22 manufacturing industries over half of the productivity growth over the
period from 1988 to 1997 could be attributed to the reallocation of output toward more
productive plants. In particular, they found that for a number of industries (including ‘Clothing’
and ‘Textile’—industries that experienced vast tariff cuts under the NAFTA) “90 to 100 percent
of productivity growth was due to the reallocation of output” (p. 26).

Similar effects were found in a number of empirical studies on the impacts of trade liberalization
upon domestic firms for other countries. For instance, several studies employing data on
developing countries concluded that the exit of low-productivity firms as a result of trade
reforms contributes positively to aggregate productivity gains. These include Pavenik (2000) for
Chile and Muendler (2002) for Brazil. Bernard and Jensen (2002) and Bernard, Jensen and
Schott (2002) use U.S. data and find that exposure to low-wage import competition increases the
probability of exit among manufacturing plants.

1. Note that Baggs, Head and Ries (2002) use a data set covering a different universe of producers (in particular,
they use a firm-level data set while this paper uses a plant-level data set) so the results are not directly
comparable.
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A number of studies for other countries also found an improvement in the productivity growth of
individual plants as a result of trade liberalization. However, the majority of these studies focus
on developing countries, for which there is some difficulty distinguishing the effects of trade
liberalization from other market reforms (Trefler 2004). Also, the predictions from these studies
may not be truly applicable for analysing the consequences of trade liberalization for
industrialized economies. Further, these studies are usually about import liberalization, not
export liberalization. While there also exists vast literature on the positive link between plant
productivity growth and export activity, only a few studies were able to find causality between
export market entry and subsequent productivity growth (e.g., Van Biesebroeck 2005). In the
case of Canada, Baldwin and Gu (2003) did find that exporting was associated with a consequent
improvement in the productivity growth of Canadian plants.

3 Data

The plant-level data come from Statistics Canada’s Annual Survey of Manufactures (ASM), a
longitudinal database with information about plants operating in Canada. For these plants, the
database has information on output, employment, value added and industry of a plant at the 4-
digit level of the Canadian Standard Industrial Classification (SIC).” The sample statistics on all
plants are provided in Table 1. The number of plants in the database for each year is around
35,000. The productivity and size distribution of Canadian manufacturers is substantially biased
in favour of small manufacturers, with both median productivity and employment being much
lower than their means. The ASM does not collect data on capital or investment. For this reason
the productivity is defined as value added per worker. This research covers the time period from
1980 to 1996, which allows to distinguish between the pre-Free Trade Agreement (FTA) period
(from 1980 to 1988) and the FTA period (from 1988 to 1996) and to control for industry-specific
trends that are common to both periods. The length of this timeframe gives a very important
advantage, as earlier studies on trade reforms used shorter time spans. For example, Baggs
(2005) examined data on Canadian firms that started in 1988, Pavcnik (2000) used eight years of
Chilean data, Harrison (1994) used nine years of data for Cote d’Ivoire and Levinsohn (1993)
used four years of Turkish data. Another important feature of the ASM database is the
availability of information on small producers. In many countries, only larger plants are
surveyed, which makes an accurate understanding of trade-reform impacts difficult, especially
since small plants are generally found to be less productive and have exit rates that are dissimilar
and affected in different ways from large plants. Most importantly, the availability of data on
small and less-productive plants is crucial for testing the Melitz hypothesis.

To estimate the effects of tariff cuts on within-plant productivity growth effect, we look at a
group of 10,821 plants that remained in existence during the whole period from 1980 to 1996
(‘continuing’ plants). For them, we are able to calculate changes in within-plant productivity
growth rates over the pre-FTA period (from 1980 to 1986) and the FTA period (from 1988 to
1996). The sample statistics on such continuing plants are provided in Table 1. While continuing

2. See Appendix for more details.
3. Note that the paper avoids the problem of undercounting of small establishments in the Annual Survey of
Manufactures that occurred in the early 1990s because we take differences that do not use 1990-to-1993 data.
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plants in each year represent only around one third of the total number of plants, they constitute
the most economically important part of Canadian manufacturing: in 1996, continuing plants
produced over 80% of the total Canadian manufacturing output.

Table 1
Sample statistics, plants and industries
1980 1988 1996
All plants
Number of plants 33,613 39,714 35,670
Mean productivity 42,205 50,166 51,251
Mean employment 53 47 48
Continuing plants'
Number of plants 10,821 10,821 10,821
Mean productivity 52,899 60,558 67,124
Mean employment 93 100 94
Continuing never exporters’
Number of plants 3,133 3,133 3,133
Mean productivity 49,978 55,011 59,063
Mean employment 37 42 42
Continuing exporters’
Number of plants 5,806 5,806 5,806
Mean productivity 60,061 70,981 81,597
Mean employment 151 160 148
Continuing exporters, 10%"*
Number of plants 3,766 3,766 3,766
Mean productivity 59,481 71,416 84,322
Mean employment 188 196 180
Standard Industrial Classification industries
Number of industries 213 213 213
Mean U.S. tariff against Canada 0.056 0.040 0.008
Standard deviation 0.055 0.044 0.012
Mean 7% -0.009 -0.006 -0.026
Standard deviation 0.034 0.022 0.027
Mean Canadian tariff against the United States 0.103 0.082 0.014
Standard deviation 0.069 0.074 0.024
Mean 7 0.007 0.000 -0.041
Standard deviation 0.031 0.035 0.043

1. Plants with positive output in 1980, 1986, 1988 and 1996.

2. Plants with zero or missing exports in each year of 1979, 1984, 1990 and 1996.

3. Plants with positive exports in at least one year of 1979, 1984, 1990 or 1996.

4. Plant exports at least 10% of output in at least one year of 1979, 1984, 1990 or 1996.

Notes: Productivity is labour productivity defined as value added per worker, measured in Canadian dollars adjusted
using output deflators at the Standard Industrial Classification 4-digit level. 7% : the tariff is constructed as the U.S.

tariff against Canada minus the U.S. tariff against the Rest-of-the-World. 7% : the tariff is constructed as the Canadian
tariff against the United States minus the Canadian tariff against the Rest-of-the-World.
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Information on export activity in the ASM is available for selected years: 1979, 1984, 1990 and
1996. These export data are available only for those plants that received an extended (‘long-
form’) survey questionnaire, which is most often given to relatively larger plants.* Table 1 also
gives sample statistics on exporting plants. Note that the average size and productivity of
exporters are larger than those of non-exporters.

Industry-level data on tariffs and business-cycle controls come from the database created by
Trefler and described in Trefler (2004).° The key variables from this database are Canadian and
U.S. tariffs, which are used to measure the extent of trade liberalization for each industry. To
isolate the effect of the Canada—United States Free Trade Agreement (FTA) from other
globalization processes taking place, the paper uses the FTA-mandated tariff concessions as

proposed by Trefler (2004): rff and ri,USS are defined as a country’s tariff against its trading

partner minus a country’s tariff against the rest of the world. Let i index industries and s=0 and
s=1 index pre-FTA and FTA periods. Before the implementation of the FTA, tariff reductions
were set according to Most Favoured Nation Treatment. Because these pre-FTA tariff reductions
occurred at the same rates across countries, the change in the relative tariff is set to 0 for s=0. So
the FTA tariff changes are given by:

ATCA —

i,s

. us _
; AT =

i,s

{(rf;; ~74)/(1996-1988), s=1

(zi5 —7ia )/ (1996 -1988), s =1
0, s=0

0, s=0
The average Canadian tariff against the United States and the average U.S. tariff against Canada

were 10.3% and 5.6%, respectively in 1980 (Table 1).° During the following 16 years both tariffs
declined to about 1.0%. The mean values of Az and Az} over the FTA period (s=1) are 4.2%

and 2.0%, respectively.

4 Estimation strategies and results

4.1 Change in the productivity distribution in Canada from 1980 to 1996

There is a substantial variation in productivity levels across industries. To be able to compare
changes in productivity distribution across industries, the following adjustment is used. Let i
index industries, p index plants and ¢ index years. The productivity of a plant p is given by:

4. The Annual Survey of Manufactures in 1974 collected exporting data from all plants. According to it, smaller
plants indeed do not export—only 0.4% of reporting short-form plants reported some positive exports (Baldwin
and Gu 2003b). So it is reasonable to impute the ‘non-exporter’ status to smaller plants which get the short-form
questionnaire.

5. See Appendix for details.

6. Note that even though the tariffs may not seem high enough, Trefler (2004) points out that, (1) in 1988 tariffs in
excess of 10% sheltered one in four Canadian industries and (2) 8% Canadian tariff corresponded to 16%
effective tariff rate.
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where 7., is the labour productivity of a plant p, and 7,4, 75, and 7,4 are the 25th,

Doit
median and 75th productivity percentiles of industry i in 1988.” The distribution plots were
constructed using log employment weights. Figure 1 plots kernels of productivity 7#,,, densities

in 1980, 1988 and 1996. The choice of years permits a contrast of the evolution of the
productivity distribution before and after the signing of the Free Trade Agreement (FTA).
Figure 1 shows that the distribution of plants shifts steadily to the right over time. The change in
the upper tail of the distribution becomes particularly pronounced in the FTA period.

Figure 1

Productivity density plots, 1980, 1988 and 1996
Share of plants
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Note: ‘Productivity’ is the adjusted measure 7, , constructed as 7, =

N B

775,88 ~ 70as,i 88

where 77, is the labour productivity of a plant p, and 7,5, ¢, 75,5 and 7y, ¢ are the 25th,

it
median and 75th productivity percentiles of industry i in 1988.
Source: Statistics Canada, Annual Survey of Manufactures.

7. We get similar conclusions when using industry median as a scale, rather than inter-quartile range. However, we
prefer to use the inter-quartile range as a scaling factor because, first, it controls for industry-specific means as
well as for industry-specific dispersion and, second, it is positive by definition, while median productivity can be
zero or negative for some industries.
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Figure 2
Productivity percentile plots, 1980, 1988 and 1996
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Source: Statistics Canada, Annual Survey of Manufactures.
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Figure 2 shows productivity in each percentile of the productivity distribution. For example, the
productivity 7,,, of the plant at the 90th percentile in 1996 (black line) is higher than the

productivity of the plant at the 90th percentile in 1988 (dashed line), which in turn is higher than the
productivity of the plant at the 90th percentile in 1980 (gray line). Note two things. First, it is a
different plant at the 90th percentile in each year. Second, the productivity of the median plant is
virtually unchanged in each year. From 1980 to 1988, productivity went up in both the low and high
percentiles. In contrast, from 1988 to 1996, only productivity in the high percentiles went up and it
went up by a much larger amount than it did in the pre-FTA periods. The point is easier to see in the

A

bottom of Figure 2, which plots change-in-change of Zpivs (Byiro06 = piross) — (B 088 = % pi10s0) -

Among all plants (black line), the change-in-change is negative for plants with productivity below
the median, and is positive for plants with productivity above the median. That is, productivity
among less productive plants deteriorates in the FTA period compared with the pre-FTA period,
while productivity among high-productivity plants improves. It shows, further, that the relatively
poor FTA performance is driven by non-exporters (dotted line). For exporters (gray line),
productivity goes up in all productivity percentiles starting with the 10th percentile, and the
improvement is particularly high among high-productivity plants.

Overall, one may see a substantial difference in the evolution of the productivity distribution in
the pre-FTA and the FTA eras, as well as a vast difference in productivity distribution changes
between exporters and non-exporters. We would like to investigate whether these changes can be
attributed to the implementation of the Canada—United States FTA, and whether the observed
improvement was caused by the entry and exit of plants and by the within-plant productivity
growth.

4.2 Between-plant productivity growth

We start by replicating the results found in Trefler (2004) for aggregate productivity growth. Let
i index industries and s=0 or 1 index pre-FTA or FTA periods. For the remainder of the paper the
annual change in an outcome variable y is defined as

A (V05 = Y,5) /(1996 -1988), s =1
T (Vs = Vi) /(1988 =1980), s=0"

Table 2 gives industry-level (as opposed to plant-level) estimates of equations of the form:
A, =Am = fy+ BOAT + BEATT + (AL - Ab]) + ¢, (D

where A 7, is annual change in log industry i’s productivity,” and Ab", is a business cycle

control for pro-cyclical productivity in industry i, which captures how movements in gross
domestic product and the real exchange rate affect industry i’s productivity. The double-
differencing—comparing the change in the variables before and after the FTA—serves two

8. Industry productivity is constructed as total industry value added divided by total employment at the 4-digit level
of the Canadian Standard Industrial Classification.
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purposes.” For one, it allows to difference out industry-specific growth effects common to both
periods, so that these effects are not attributed to tariff cuts. For another, most plant-level
variables used in the paper (productivity, entry and exits, output) are strongly pro-cyclical. As
the 1980-t0-1988 and 1988-t0-1996 periods are roughly similar in terms of business cycle
fluctuations, time-differencing implicitly controls for the effects of business cycle on the
variables of interest.

Table 2
Aggregate productivity changes and tariff cuts
£ LY R-squared  Number

All industries

All plants -0.901** (0.460) 0.750 (0.974) 0.10 213
< 50th percentile -0.193 (0.804) -1.248 (1.600) 0.02 199
> 50th percentile -1.129%* (0.491) 1.481 (1.043) 0.06 213

Most impacted industries

All plants -1.055%* (0.429) 0.285 (0.950) 0.27 109
< 50th percentile 0.172 (0.688) 2.068 (1.426) -0.01 105
> 50th percentile -1.249% (0.415) 0.658 (0.940) 0.20 109

* indicates significance at the 1% level

** indicates significance at the 5% level

Notes: The estimating equation is Equation (1). Standard errors are in parentheses. The dependent variable is
change-in-change in labour productivity. The productivity percentiles are based on the 1988 distribution. Estimates
on business cycle control are not presented. The most impacted industries are industries that received large U.S. or
Canadian tariff cuts. g is the coefficient on Canadian tariff, and g% is the coefficient on U.S. tariff.

Source: Statistics Canada, Annual Survey of Manufactures.

Results are reported separately for all industries and for industries that received the highest
Canadian or U.S. tariff cuts—most impacted industries. The estimated S is -0.901 (=-1.96),

which largely repeats Trefler’s (2004) result."” Negative coefficients on the Canadian tariff
indicate that tariff reductions had a positive effect on productivity growth. The effect of the
Canadian tariff is stronger for the group of the most impacted industries: B is -1.055 (=-2.46).

The coefficient on the U.S. tariff is positive, but not statistically significant. While the magnitude
of the effects will be explained later, one can note that the average change in the U.S. tariff is
half that of the average change in the Canadian tariff, so to compare the two effects, the
coefficient on the U.S. tariff should be discounted by a factor close to two. We then repeat the
estimation of Equation (1), dividing plants into the low- and high-productivity groups, based on
the median industry productivity in 1988. To do so, productivity of each plant in years 1980,

1988 and 1996 is compared with the median industry productivity in 7z, . Plants which have

9.This approach follows Trefler (2001 and 2004).

10. There are two differences from Trefler (2004). First, he uses labour productivity adjusted for hours worked. This
adjusted productivity measure is available only for large plants. Second, since a plant’s probability of exit in each
year is a nonlinear function of a plant’s age, in this case it is important to compare exit probabilities between
time periods of equal length. Trefler (2004) experiments with a number of alternative definitions of the pre-Free
Trade Agreement (FTA) and FTA periods, with his preferred definition being from 1980 to 1986 for the pre-
FTA period, and from 1988 to 1996 for the FTA period. He finds that his results are not sensitive to the choice of
the time frames. Here we define the pre-FTA period as from 1980 to 1988 and the FTA period as from 1988 to
1996.
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productivity below 7, ¢ in years 1980 or 1988 or 1996 constitute the lower part of productivity

distribution each year. If tariff cuts improve the bottom part of productivity distribution, either by
inducing plant exit or within-plant growth, one would expect that productivity among low-
productivity plants increased.'’ However, it appears that the Canadian tariff has no effect on the
aggregate productivity of plants below the median. The Canadian tariff effect for ‘All plants’ is
driven by productivity improvements among the more productive plants. The estimated B for

high-productivity plants is -1.129 (+~=-2.30) for all plants and -1.249 (=-3.01) for the most
impacted industries. Evaluated at the average Canadian tariff cut due to the FTA (at 4.0
percentage points over the eight-year period, or 0.5 percentage points per year), it led to 3.6%
productivity growth in all industries. For the most impacted industries, where the annual
Canadian tariff cut averaged 0.9 percentage point per year, it led to productivity growth of
9.0%."

Is it possible that these industry-level effects are related to entry and exits of plants? Table 3
provides plants’ relative exit and entry rates over the pre-FTA and FTA periods by productivity
quartiles. It shows that exit rates declined in the bottom productivity quartile, but went up among
plants with high productivity. Entry rates declined in all productivity quartiles, but the largest
decrease occurred in the two lower quartiles, where entry rates went down by 15% and 18%,
respectively. Entry rates in the top quartile went down only by 2%. Let N;; be the number of
plants, i index industries, s index periods (pre-FTA and FTA). To relate the plant turnover to the
tariff cuts, we estimate the equation:

AN, AN, = B, + B9 At + BEAT” + BPC(AB —AB)) + &, . (2)

In Equation (2), the dependent variable is the change-in-change in the number of plants and 5,
is the business cycle control for the number of plants in year z. To be consistent, the distribution
of plants in 1988 is taken as the benchmark, and all numbers of plants (overall, exiting and
entering) are scaled by the number of plants in a respective industry in 1988. We estimate
Equation (2) for the overall turnover rates and for turnover rates in each productivity quartile
(Table 4). Canadian tariff reductions led to a fall in the overall number of plants ( f“'is 1.184
[=2.68] for all industries). Separating the plants into productivity quartiles shows that the

11.Productivity for each group ‘< 50th percentile’ and > 50th percentile’ was calculated as a total value added
divided by total employment by plants within a group. Separate regressions were run for each group.

12.Note that the estimates of productivity growth are lower in this paper than in Trefler (2001 and 2004) for two
reasons. Most importantly, he uses the hours-adjusted productivity measure, which increases the estimates of

L as is shown in Trefler (2001), Table 7. Our coefficient on Canadian tariff is most close to his estimates in
Section 3 of Table 7, where the periods are defined as from 1980 to 1988 and from 1988 to 1996 with
o) “=.0.88. For this specification he estimates that Canadian tariff concessions increased productivity growth by

3.0% for all industries and by 10.9% for the most impacted industries. These estimates are smaller than his
benchmark estimates that use the hours-adjusted productivity measure. The hours-adjusted measures are
available only for the long-form plants, which represent about one half of all manufacturing plants in each year.
Therefore, this paper cannot use the hour-adjusted productivity measure. Secondly, in calculating the tariff
impacts, Trefler uses industry output weights, so that larger industries get higher weights in calculation of the
aggregate tariff effects. However this adjustment has a relatively minor effect on the estimates of the tariff effects
and is not used in this paper.
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Canadian tariff cuts reduced the number of plants in the 3rd productivity quartile. Further, the
Canadian tariff cuts were associated with the exits of plants in the 3rd productivity quartile
(B“is -0.378 [=-3.64]). Exit rates among plants in the top 4th productivity quartile also
increased, but the effects were not statistically significant. (Estimates in Appendix Table A.l
show similar but stronger results for the most impacted of industries.)

Table 3

Entry and exit rates

Productivity quartile Exit rates Percentage- Entry rates Percentage-
1996 10 1988 198801980 PO™ 790615 1988 1988 10 1980  POInt

change change
percent percent

Ist quartile (low) 58 66 -8 41 55 -15

2nd quartile 44 37 8 34 51 -18

3rd quartile 39 31 8 29 43 -14

4th quartile (high) 35 27 8 33 35 -2

Notes: The productivity quartiles are defined using productivity percentiles in 1988, and the 1st quartile is the lowest
productivity quartile. The industry exit (entry) rates are constructed by dividing the number of exiting (entering) plants
in a given period by the number of plants in the industry in 1988. Averages of industry rates are reported.

Source: Statistics Canada, Annual Survey of Manufactures.
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Table 4
Changes in number of plants and tariff cuts

£ LY R-squared Number

Number of plants

All productivity quartiles 1.184%* (0.442) 1.221 (0.939) 0.07 212
< 25th quartile 0.314 (0.296) 0.224 (0.622) 0.02 212
25th to 50th quartile 0.079 (0.239) 0.648 (0.514) 0.00 212
50th to 75th quartile 1.007* (0.295) -1.301**  (0.629) 0.08 212
> 75th quartile 0.353***  (0.204) 0.748%** (0.435) 0.12 212

Exits

All productivity quartiles -0.822*%*  (0.350) 0.265 (0.736) 0.02 212
< 25th quartile -0.353***  (0.201) 0.427 (0.427) 0.03 212
25th to 50th quartile -0.126 (0.145) -0.121 (0.310) -0.01 212
50th to 75th quartile -0.378%* (0.104) 0.362 (0.222) 0.06 212
> 75th quartile -0.120 (0.092) -0.216 (0.196) 0.01 212

Entries

All productivity quartiles 0.362 (0.237) 1.487**  (0.504) 0.09 212
< 25th quartile 0.132 (0.115) 0.456***  (0.245) 0.04 212
25th to 50th quartile 0.127 (0.103) 0.273 (0.220) 0.01 212
50th to 75th quartile 0.057 (0.097) 0.185 (0.2006) 0.00 212
> 75th quartile 0.153***  (0.089) 0.462**  (0.191) 0.12 212

Exporters as a percentage of all

plants

All productivity quartiles -0.215%*%*  (0.120) -0.785* (0.241) 0.09 212

* indicates significance at the 1% level

** indicates significance at the 5% level

*** indicates significance at the 10% level

Notes: The estimating equation is Equation (1). Standard errors are in parentheses. The productivity
percentiles are based on the 1988 productivity distribution. Estimates on business cycle control are not
presented. The dependent variables are number of plants, exits and entries. g is the coefficient on

Canadian tariff, and g% is the coefficient on U.S. tariff.
Source: Statistics Canada, Annual Survey of Manufactures.
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Apart from the increase in the exit and the fall in entry rates, there is also an increased presence
of exporters. The number of exporters in the database goes up from 4,750 plants in 1984 to 8,421
plants in 1990 and then levels down to 8,289 plants in 1996. It appears that most of the export
market entry occurred in the first two years after the signing of the FTA. Given the limited data
on exporting, we are not able to estimate Equation (2) for the number of exporters in double
differences. For them we estimate the effect of tariff cuts on the change in the relative number of
exporters from 1984 to 1996:"

Nigs — Ni,84 =p,+ ﬂCAATiCA + ﬁUSATiUS + ﬂBcAbi],\g4—96 té;. (29

1,

The estimated S is -0.215 (1=-1.79) and p% is -0.785 (=-3.64) (Table 4). So, while tariff cuts

are associated with reductions in the overall number of plants, they are also associated with an
increased number of exporters.

How can reductions in the Canadian tariff increase aggregate productivity, given that they induce
the exit of relatively more productive plants? One can observe an increase in industry-level
productivity only if the exits of plants in the 3rd quartile of the productivity distribution generate
significant shifts in market shares toward even more productive plants in the top 4th quartile.
Table 5 gives estimates of Equation (2) when the dependent variable is a change-in-change in the
market share of plants belonging to each of the productivity quartiles. Market shares of plants in
the first and second quartiles of productivity distribution are not significantly affected by the
tariff concessions. The market share of plants in the 3rd quartile is reduced, as a result of a

decline in the Canadian tariffs ( f“is 1.168 [=3.04]), while the market share of plants in the top
4th quartile is increased ( 8“is -1.111 [=-2.84]). Are Canadian tariff cuts capable of explaining
the observed market share reallocation in the FTA period?

Table 5
Changes in the market shares and tariff cuts

£ LY R-squared ~ Number
Change in the market share of
plants
0 to 25th percentile -0.261 (0.172) 0377  (0.334) 0.01 210
25th to 50th percentile 0.265 (0.255) -0.217  (0.505) 0.00 209
50th to 75th percentile 1.168* (0.384) -0.929  (0.815) 0.03 213
75th to 100th percentile -1.111* (0.391) 0.689  (0.830) 0.04 213

* indicates significance at the 1% level

Notes: The estimating equation is Equation (2). Standard errors are in parentheses. The dependent variable
is change-in-change in the market shares of plants. The productivity percentiles are based on the 1988
productivity distribution. g is the coefficient on Canadian tariff, and g% is the coefficient on U.S. tariff.

Source: Statistics Canada, Annual Survey of Manufactures.

13.Note that using a single difference instead of a double difference is similar to setting the change in the number of
exporters in the pre-Free Trade Agreement (FTA) period to 0. As exporters made up 22% of all plants in the
Annual Survey of Manufactures in both 1979 and 1984, this assumption is not unreasonable. Since there was
only a small increase in Canada’s exports to the United States over the period from 1984 to 1988 (based on
CANSIM data), the use of 1984 data for pre-FTA export values should not distort the results.
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Table 6 shows the distribution of output by productivity quartiles. Plants below the 25th
productivity percentile produce only about 5% of total output. The majority of output is
produced by plants in the top half of the productivity distribution, and their share of output was
increasing over time from 78% in 1980 to 86% in 1996. The largest increase over the FTA
period was in the output share of plants above the 90th percentile. Their share went up by 18%,
from 28% in 1988 to 46% in 1996. The observed change-in-change in the market share of plants
in the 4th productivity quartile is 4%. Estimates of A imply that a 1% decrease in the Canadian

tariff increases the market share of top productivity plants by 1.1 percentage points. At the
average tariff cut of 4.2% one expects the market share to go up by 4.6 percentage points. It
appears that Canadian tariff reductions are capable of explaining the observed market share
shifts.

Table 6

Share of output produced by plants (in percentage)

Year of Plants above 25th Plants above 50th Plants above 75th Plants above 90th

output share productivity productivity productivity productivity
percentile percentile percentile percentile

1980 94 78 47 24

1988 94 82 56 28

1996 95 86 69 46

Notes: The output shares of plants in each productivity range are calculated for each Standard Industrial
Classification (SIC) 4-digit industry. Table 6 reports averages of output shares across SIC 4-digit industries.
Source: Statistics Canada, Annual Survey of Manufactures.

What about the effects of the U.S. tariff changes? Reductions in the U.S. tariffs are also
associated with a decrease in the number of plants (Table 4), but the effects are not statistically
significant. Unlike Canadian tariff reductions, the U.S. tariff concessions appear to act by
reducing the number of entrants, particularly in the upper half of the distribution. The U.S. tariff
changes are not significant in the estimated equation for the market share (Table 5).

Why would relatively productive plants exit the market? To answer this question we estimate a
probit model of plants’ exits. Exit probabilities are allowed to depend on tariff reductions, as
well as on the number of plant characteristics and industry-specific fixed effects. Note that while
the previous analysis used only industry-level data, this estimation uses plant-level data. The
estimating equation is:

Pr(EXIT

piiss

=) =0 +A“A "+ AN+ AX A HZ+AT), s=0,1. (3)

In Equation (3), s=0 denotes pre-FTA period (from 1980 to 1988), and s=1 denotes FTA period
(from 1988 to 1996). For s=0, ty and ¢, refer to 1980 and 1988, while for s=1, #) and ¢; 1988 and
1996, respectively. The exit indicator, EXIT,, , equals to 1 if plant exits over the period s, and

equals O otherwise. The explanatory variables are changes in Canadian and U.S. tariff rates, a
vector of plant-level controls X, , which include productivity, size, foreign control and multi-

g8

plant status of a plant p at time 7, industry fixed effects Z; and a time dummy 7 that is equal to 1
in the FTA period.
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The observed exit rates vary dramatically across quartiles and across different types of firms. For
example, the exit rate among low-productivity non-exporters is 60%, while the exit rate among
top productivity exporters is only 24%. To compare the importance of tariff reductions across
different productivity quartiles, Equation (3) is estimated for each productivity quartile for all
plants, exporters and non-exporters, and the ratios of the marginal effects of tariffs to the
observed exit rate are reported." Both Canadian and U.S. tariff cuts increase exit rates of all
plants and for non-exporters by 2% to 3% (Table 7, Columns 1 and 3). The largest joint effect of
the U.S. and Canadian tariff cuts is observed for plants in the 3rd productivity quartile: together,
the tariff concessions increase exit rates by 5% for all plants, and by 6% for non-exporters."

The two processes observed in the last decade in Canadian manufacturing were closures of plants
belonging to multi-plant firms and increased rationalization of output within manufacturing
plants (Baldwin and Gu 2004b). To test whether tariff cuts contributed to rationalization by
inducing plant closures, we use the interaction between tariff cuts and proximity of a plant’s
output to the firm’s key area of specialization. For each firm, the database has the Standard
Industrial Classification (SIC) 4-digit industries of all plants that belong to the firm. Using these
data, we calculate the share of the firm’s output in each of its SIC 4-digit industries. For a plant
this share is equal to one if a firm has only one plant, or if all plants of a firm produce output
within the same SIC 4-digit industry. The shares are small for plants of highly diversified firms
and for plants whose output is outside of the core SIC 4-digit industry of a firm.

In Table 7, Columns 2, 4 and 6 report the effects of the interaction between the tariff cuts and
this diversification indicator for ‘All plants,” ‘Non-exporters’ and ‘Exporters.” The coefficients
on the interaction terms are negative in all productivity quartiles for non-exporters. This indicates
that, among non-exporters, both Canadian and U.S. tariff cuts decrease survival of plants of
highly diversified firms, or plants whose output is outside of the core industry of a firm.
Controlling for this, the effects of both Canadian and U.S. tariff concessions on exit of plants are
huge. For a non-exporting plant whose productivity is above the 25th productivity percentile and
whose diversification index is close to zero, the joint effect of the Canadian and U.S. tariff
amounts to an increase in a probability of exit by 16% to 17%. This effect is statistically
significant at over 1% level for plants in the 3rd and 4th productivity quartiles. This strong
evidence shows that domestic tariff reductions contributed to restructuring within Canadian
manufacturing by inducing the exit of plants that belong to highly diversified firms serving the
domestic market. By noticing that plants of multi-plant firms are generally more productive
compared with plants of single-plant firms, one may explain the unexpected finding regarding
the stronger effects of the FTA on exits of relatively high-productivity plants.

14.The estimates of probit regressions are in the Appendix, in Tables A.2, A.3 and A.4.

15.Note that the estimates on the U.S. tariff for very low productivity exporters are very high but not very precise.
This is likely explained by the very small number of observations (574). Because regressions control for fixed
effects at the level of 213 industries, there is a small number of observations in each industry cell. Estimating the
same probit using Standard Industrial Classification 3-digit industry fixed effects results in no statistically
significant estimates for low-productivity exporters.
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Table 7

Effects of tariff reductions on exit rates

All plants Non-exporters Exporters

(1) (2) (3) 4) (5) (6)
All plants
A 0.03* 0.09* 0.03* 0.10* 0.04* 0.04***
AT 0.02* 0.05* 0.02* 0.06* -0.02%** 0.00
AT % DIV -0.06* -0.07* 0.00
AT * DIV -0.03* -0.04* -0.03
First quartile
A 0.02* 0.07** 0.02* 0.07*** 0.00 -0.10
AT 0.01** 0.02 0.0 *** 0.01 0.16%* 0.20
AT * DIV -0.05 -0.05 0.09
AT * DIV -0.01 0.00 -0.04
Second quartile
AT 0.03* 0.12* 0.03* 0.12% 0.00 0.15%**
AT 0.01 0.02 0.02** 0.04 -0.06%*** -0.14%*
AT * DIV -0.09* -0.09* -0.13%*
ATS *DIV -0.01 -0.03 0.09
Third quartile
AT 0.03* 0.08* 0.03* 0.10%* 0.04 -0.02
AT 0.02%* 0.07* 0.03* 0.07* -0.04 0.04
AT * DIV -0.05%* -0.07%* 0.06
ATS * DIV -0.04** -0.04 -0.08**
Fourth quartile
AT 0.02%** 0.08* 0.02** 0.08%* 0.05** 0.08***
AT 0.02%** 0.07* 0.03* 0.09* -0.03 -0.01
AT * DIV -0.05* -0.06* -0.02
AT * DIV -0.05%* -0.06* -0.02

Exit rate Number of Exit rate  Number of Exit rate Number of

observations observations observations

All plants 0.45 68,030 0.48 59,587 0.26 8,443
Ist quartile 0.57 14,581 0.60 14,007 0.37 574
2nd quartile 0.45 16,969 0.47 15,547 0.27 1,422
3rd quartile 0.39 18,388 0.42 15,708 0.25 2,680
4th quartile 0.36 18,092 0.40 14,325 0.24 3,767

* indicates significance at the 1% level
** indicates significance at the 5% level

*** indicates significance at the 10% level
Notes: The ratios of marginal effect of tariff to quartile-specific exit rates are reported. (The probit
estimates are reported in Appendix Tables A.2 and A.3.) The estimating equation is Equation (3). The

variables are defined as follows: Az

c4

is the change in Canadian tariff, Az% is the change in U.S. tariff, and

*DIV are the interactions of changes in tariffs with share of a plant’s Standard Industrial Classification
(SIC) 4-digit industry in total output of a firm (equals 1 if all plants of the firm produce in the same SIC 4-

digit industry).

Source: Statistics Canada, Annual Survey of Manufactures.
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The latter finding is consistent with findings by Head and Ries (1999), who also find that
Canadian tariff cuts have stronger effects on exits of larger plants. To explain it, they suggest
market-niches hypothesis, according to which small establishments “are insulated from the
positive and negative effects of trade liberalization” (p. 314). This finding on exits of plants of
multi-plant firms is also consistent with findings by Baldwin, Beckstead and Caves (2001), who
look at changes in entropy of multi-plant firms over time and document a substantial increase in
degree of specialization of multi-plant firms across four-digit manufacturing industries after the
signing of the FTA. It is also consistent with studies that look at commodity-level firms’
diversification (Baldwin, Beckstead and Caves 2001; Baldwin, Caves and Gu 2005; and Baldwin
and Gu 2006a), which find that commodity diversification was reduced in the FTA period. In
particular Baldwin, Caves and Gu (2005) linked the reduced commodity-level diversification to
tariff cuts, and Baldwin and Gu (2005) found that tariff cuts induced higher product
specialization in non-exporting plants.

4.3 Within-plant productivity growth

The paper finds that Canadian tariff reductions led to exits of plants and to market share
reallocation—the between-plant productivity growth. There is still a puzzle regarding the within-
plant productivity growth. While Trefler (2004) finds that the U.S. tariffs are associated with
productivity growth within plants, this effect does not show up in the industry-level productivity
growth equation. To investigate in more depth the effect of tariff cuts on within-plant growth, we
take two different approaches. First, we look at the relationship between tariff cuts and changes
in plants’ positions in productivity distribution. This allows us to capture changes in the
productivity of individual plants that are large enough to move a plant up or down in the
productivity distribution. Applying this approach allows us to use information on all plants in the
database. Second, we look at the change-in-change in productivity growth of individual plants.
This limits the analysis to a sample of 10,821 plants that stayed in the market continuously in
1980, 1988 and 1996. The strength of the second approach is that one is able to control for plant-
specific productivity growth trajectories. The drawback of it is the possibility of the sample
selection problem, which will be dealt with below.

Plant transitions: Assume that in year ¢; (where ¢; is 1988 or 1996) there are N, ; plants in the
market. Over the previous eight years, each of these plants made one of the four possible
transitions: it entered the market, moved up or down in the productivity distribution, or stayed in
the same productivity quartile. To capture the effects of the tariff cuts on these transitions, we
estimate the following equation:

gq.Trans __ q,Trans
N88,96 NSO,SS

q
NSS

=q,+a“" At +aP AT + 2" (AD) - AD )+ 4)

where Nt‘iiz’“"‘ is a number of plants making one of the four transitions: ENTER, UP, DOWN and

STAY, and ¢q is a plant’s productivity quartile in the end year. Table 8 gives the estimates of
Equation (4) for UP and DOWN transitions.'® By and large, it shows that plant transitions are not

16.Estimates for ENTER transitions are provided in Appendix Table A.5. They largely repeat the findings regarding
entry in the ‘Between-plant productivity growth’ section.
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strongly affected by the tariff cuts. The only significant effects are the effects of the U.S. tariff
cuts on transition of exporters. The estimated «”® in the upward transition equation for exporters
are -0.589 (=-2.48) and -1.202 (+=-2.60) for plants that reached the 2nd and 3rd productivity
quartiles. Note that here the exporting status of a plant is defined based on the end of the period.
So these estimates use data on plants that either stayed in the export market continuously, or
entered the export market by the end of the period. The importance of this result is threefold.
First, it shows that only exporters’ productivity significantly benefits from the U.S. tariff
reductions. Second, it shows that less productive exporters are more likely to benefit from the
U.S. tariff cuts. Third, it may explain why one does not observe the positive effect of the U.S.
tariff cut on aggregate productivity growth. Plants whose productivity was positively affected by
the tariff reductions were in the first or the second productivity quartiles at the beginning of each
eight-year period, so they most likely produce a small share of the industry output (see Table 6).
Since their size is small and they account for only a tiny fraction of the industry output, their
productivity growth does not influence aggregate productivity growth. This table is also
important because it shows no significant effects of Canadian tariff cuts on within-plant growth.
Hence, the earlier identified increase in exit rates is the key channel through which Canadian
tariff reductions impacted industry-level productivity.

Table 8
Plant transitions and tariff cuts

a a¥s R-squared Number

All plants
UP transition
2nd quartile 0.093 (0.221) -0.220 (0.431) 0.02 208
3rd quartile 0.743 ** (0.333) -0.952 (0.705) 0.01 212
4th quartile 0.371 (0.382) 1.150 (0.810) 0.06 212
DOWN transition
Ist quartile -0.080 (0.400) 0.843 (0.869) 0.00 209
2nd quartile -0.020 (0.250) 0.752 (0.519) 0.00 208
3rd quartile -0.102 (0.204) 0.714 *** (0.433) 0.02 212
Exporters

UP transition
2nd quartile 0.013 (0.130) -0.589 ** (0.238) 0.04 208
3rd quartile 0.107 (0.218) -1.202* (0.462) 0.03 212
4th quartile -0.033 (0.300) -0.287 (0.624) 0.02 212
DOWN transition
1st quartile 0.109 (0.214) -0.346 (0.455) 0.03 209
2nd quartile 0.021 (0.162) -0.099 (0.330) -0.01 208
3rd quartile -0.144 (0.148) 0.023 (0.329) 0.00 212

* indicates significance at the 1% level

** indicates significance at the 5% level

*** indicates significance at the 10% level

Notes: The estimating equation is Equation (4). Standard errors are in parentheses. The productivity percentiles are
based on the 1988 productivity distribution; the 1st quartile is the lowest productivity quartile. Estimates on
business-cycle control are not presented. The export status for 1980 is based on the export status in 1979, and the
export status for 1988 is defined based on the export status in 1984. o™ is the coefficient on Canadian tariff, and
% is the coefficient on U.S. tariff.

Source: Statistics Canada, Annual Survey of Manufactures.
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Change-in-change in productivity: To investigate the ‘within-plant’ productivity improvement
in more depth, the analysis is limited to a group of plants that stayed in the market continuously.
For them, one can compare plant performance between the pre-FTA and FTA periods. Let p
index plants, i index industries, s index time periods, and let Ay, be an average annual log

change in an outcome y of a plant p in period s. To match Trefler’s (2004) choice of time

periods, the pre-FTA period is defined as from 1980 to 1986 and the FTA period as from 1988 to
1996. We estimate the equation:

Ay, =AY, = 0+ ﬂCAATflA + §(Abi),ll - Abi},/()) + ¢xp,i,19xs +E&,;- %)

Double-differencing allows to difference out the plant-specific growth component, something
one can do only for continuing plants. In Equation (5), Ab/ is industry-level business cycle

control and x is a vector of plant characteristics, which includes log employment, relative

p,i,1988
labour productivity, age and foreign control. Table 9 gives estimates of Equation (5) for change
in log labour productivity. The first row gives the estimates of productivity effects of the tariff
cuts for all continuing plants. This repeats the key result from Trefler (2004): the U.S. tariff cuts
are strongly related to within-plant productivity growth in Canadian plants (p* is -1.965,
t=-3.58), while Canadian tariff cuts have no effect on productivity growth (g is -0.245,
=-0.92)."

As the theoretical models suggest, the effect of trade liberalization will differ for exporters and

non-exporters. To estimate the effect of tariff cuts on exporters and non-exporters, plants are
defined as exporters based on varying export intensities. The dummy variable for exporting, D, ;,
is equal to one if a plant exports over X% of its total shipments in at least one year of 1979, 1984,
1990 and 1996, and is equal to zero otherwise. The Equation (5) is estimated allowing for

interaction of the U.S. tariff cuts with exporters status:
Ayp,i,l - Ayp,i,o = g + ﬂ EXPDp,i + (ﬂOUS + ﬂlUSDp,i )ATi(,/IS + IBCAATIiA + 5(Ab11,/1 - Abll,/O) + ¢xp,i,l988 + 8}7,[ . (6)

Tables 9-1 and 9-2 gives estimates of Equation (6) when export-to-output ratios are set to 0%,
5%, 10%, 25% and 50%. They show that the U.S. tariff reductions have no effect on the
productivity growth of non-exporters ( D, ,=0), but have a large effect on the productivity growth

of exporters (D,,=1). For them, a 1-percentage-point fall in the U.S. tariff (Arfjs =0.01)
increases annual productivity growth by 3% to 4%, depending on the definition of an exporter.

17.0ne may argue that tariffs are endogenous in the productivity equation. Trefler (2004) argues against
endogeneity of tariffs in plant-level productivity growth equations, and his estimates reject endogeneity. Baggs
(2005) rejects endogeneity of tariffs in estimation of plant exit probabilities.

Economic Analysis Research Paper Series -28 - Statistics Canada — Catalogue no. 11F0027M, no. 051



The U.S. tariff fell by on-average 2 percentage points because of the FTA over the period from
1988 to 1996, so the productivity growth of exporters due to FTA increased by 6% to 8%. The
estimated effects get larger when exporters are plants with higher export intensity. So, Trefler’s
(2004) productivity effect of the U.S. tariff cuts depends critically on the export status of a plant:
exporting plants obtain productivity benefits from tariff concessions, while non-exporters receive
no benefits."®

Table 9-1
Effects of tariff on labour productivity — Interaction between tariff reductions and
exporter status

B £ B Interaction between
At and
exporter status

Tariff cuts for all
continuing plants -0.245 (0.266) -1.965* (0.549)

Export cut-offs

0% -0.425  (0.291)  0.439  (0.967) 0.001 (0.004) -3.203* (1.151)
5% -0.442  (0.292)  0.292  (0.794)  -0.002 (0.004) -4.149* (1.084)
10% -0.467 (0.292) -0.036  (0.751)  -0.002 (0.004) -4.061* (1.099)
25% -0.450 (0.293) -0.446  (0.689)  -0.005 (0.004) -4.537* (1.201)
50% -0.419  (0.293) -0.714  (0.640)  -0.009***  (0.005) -6.516* (1.492)
... not applicable

* indicates significance at the 1% level

*** indicates significance at the 10% level

Notes: The estimating equations are Equations (5) and (6). Standard errors are in parentheses. The dependent
variable is labour productivity. The export cut-offs indicate the exports—output ratio used in the construction of the
export dummy. Estimates of plant controls and business cycle control are not presented. The plant controls are as
follows: Size is log (employment) of plant & in 1988; productivity is log (labour productivity of plant £ in 1988)
minus log (mean industry productivity); age is log (age) of plant k in 1988; old is equal to 1 if age in 1988 is 12, and
to 0 otherwise; and foreign control is a dummy variable equal to 1 if plant & is under foreign control, 0 otherwise.
The export cut-offs value means that the export-to-output ratio is larger than N% for exporters in at least one year of
1979, 1984, 1990, or 1996. The adjusted R-squared values are all in the range of 12% to 13%. g“ is the coefficient

on Canadian tariff, g% is the coefficient on U.S. tariff, g7 is the coefficient on exporter status and Az™ is the

change in U.S. tariff.
Source: Statistics Canada, Annual Survey of Manufactures.

18. Note that the results for productivity growth are for labour productivity, not the total factor productivity, because
the plant-level capital stock data are not available. However Trefler (2001) found no effects of tariff on capital
stock per worker at industry level. He also noted a very small growth in real fixed investment in Canada
(compared with the United States) over the 1988-t0-1996 period. At the plant-level we found no relationship
between tariff cuts and the use of materials per unit of output or the use of energy per output (the latter can be
thought of as a proxy for capital stock). This suggests that most likely there were no strong tariff-related capital
increase at the plant level.
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Table 9-2
Effects of tariff on labour productivity — Interaction between tariff reductions and ‘old’ exporter
status or ‘new’ exporter status

Yins LY Y e Interaction between LI Interaction between
A7 and Az” and ‘new’
‘old’ exporter status exporter status
Tariff cuts for
all continuing
plants -0.245 (0.266) -1.965* (0.549)
Export cut-
offs
0% -0.384 (0.292) 0.120  (0.948) -0.002 (0.005)  -2.991** (1.385) 0.002 (0.004) -2.634** (1.277)
5% -0.392 (0.292) 0.118  (0.814) -0.004 (0.005)  -2.988** (1.296) -0.001 (0.005) -4.164*  (1.352)
10% -0.404 (0.293) -0.164  (0.782) -0.004 (0.005) -2.707** (1.276) -0.002 (0.005) -4.131*  (1.434)
25% -0.417 (0.293) -0.401 (0.738) -0.005 (0.004) -2.470** (1.249) -0.003 (0.006) -5.343*  (1.704)
50% -0.403 (0.293) -0.606  (0.705) -0.005 (0.004) -2.285** (1.231) -0.007 (0.008) -8.862*  (2.322)

... not applicable

* indicates significance at the 1% level

** indicates significance at the 5% level

Notes: The estimating equations are Equations (5) and (6). Standard errors are in parentheses. The dependent variable is labour productivity.
The export cut-offs indicate the exports—output ratio used in the construction of the export dummy. Estimates of plant controls and business
cycle control are not presented. The plant controls are as follows: Size is log (employment) of plant k& in 1988; productivity is log (labour
productivity of plant £ in 1988) minus log (mean industry productivity); age is log (age) of plant &k in 1988; old is equal to 1 if age in 1988 is 12,
0 otherwise; and foreign control is a dummy variable equal to 1 if plant £ is under foreign control, 0 otherwise. The export cut-offs value means
that the export-to-output ratio is larger than N% for exporters in at least one year of 1979, 1984, 1990, or 1996. The adjusted R-squared values
are all in the range of 12% to 13%. B is the coefficient on Canadian tariff, 3% is the coefficient on U.S. tariff, g#"°” is the coefficient on

‘old” exporter status, "7 is the coefficient on ‘new’ exporter status and Az is the change in U.S. tariff.
Source: Statistics Canada, Annual Survey of Manufactures.

Table 9-2 allows for tariff effects to differ for plants that export continuously and plants that
entered the export market in the FTA period. There is a striking difference between the two
groups of plants: the estimated effects of U.S. tariff concessions are much larger for new entrants
to the export market. For a new exporter (a plant that entered the export market after the signing
of the FTA in 1990 or 1996 and exported at least 10% of its shipments), a 1-percentage-point cut
in the U.S. tariff leads to 4.13 percentage points advantage in annual productivity growth over a
non-exporter, while a similar plant that entered the export market before the FTA gets 2.71
percentage points growth advantage over a non-exporter.

One potential problem with the estimates of productivity growth is that Equation (5) uses data on
plants that survived for at least 16 years on the market. It does not take exiting plants into
account, nor the fact that tariff changes may lead to closures of some plants. If trade
liberalization causes exit of less productive plants, then the estimates of the tariff effect on
productivity are biased upwards, that is, one would overestimate the productivity-enhancing
effects of trade liberalization. To control for selection, we assume that plants that exited the
market would indeed have a relatively low-productivity growth in the FTA period. For example,
had these plants not exited, they would have productivity growth similar to the relatively poorly
growing continuing plants in the same industries. So we impute low-productivity growth to
plants that exited, and re-estimate Equation (5). The FTA-period productivity growth for exiting
plants is set to the 25th percentile of distribution of productivity growth for continuing plants for
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each SIC 4-digit industry.” If exiting plants had a relatively low-productivity growth in all
industries—hence unrelated to the depth of the tariff cuts—one would expect g to be

unaffected by exits. If exiting plants in high tariff industries would have much lower productivity
growth in the FTA period had the tariff cuts not occurred, then the estimate of g* is too high.

Imputing the low FTA growth to exiting plants would then reduce g*.

Table 10 shows estimates of Equation (5) using an imputed annual-productivity growth for
exiting plants. Note that since the exporting status of exiting plants in the FTA period is not
observed, the value of D, for them is uncertain. The previous estimates suggest that D, for

exiting plants is more likely to be zero. Still the Equation (5) is estimated separately for non-
exporters (assuming that exiting plants that were non-exporters in the pre-FTA period would also
stay non-exporters in the FTA period) and exporters (assuming that exiting plants that exported
in the pre-FTA period would remain exporters in the FTA period). We show the estimates for
exporters defined as plants that export 0% or 10% of their shipments with and without exiting
plants. Whether or not we assume that exiting plants are exporters or non-exporters in the FTA
period, there is little difference between the estimates obtained using data on only continuing
plants and using data on continuing and exiting plants. Hence one may conclude that selection
bias does not affect the estimates of productivity effects of tariff cuts.

19.1n the pre-Free Trade Agreement (FTA) period from 1980 to 1986, the median productivity growth was 1.50%,
while productivity growth in the 25th percentile was -0.04%. The average productivity growth for non-exiting
plants during 1980-t0-1986 period was 1.9% (=7.69), while for plants that exited after 1988, it was 1.1%
(=2.93). So while there is a significant difference in productivity growth between continuing and exiting plants,
on average productivity growth of exiting plants is much higher than 25th percentile of productivity growth
distribution. Hence the 25th percentile may serve as a very low bound for productivity growth of exiting plants in
the FTA period.
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Table 10
Selection correction

Model £ LY Adjusted Number of Exit rate
R-squared observations

percent

All plants
Continuing plants -0.245  (0.266) -1.955*  (0.546) 0.12 10,820
Selection correction 0.203  (0.199) -1.194 * 0.417) 0.08 16,548 35
Non-exporters
0 cut-off

Continuing plants -0.690  (0.473) 0.696 (1.009) 0.12 3,133

Selection correction -0.077  (0.321) 0.393 (0.666) 0.09 5,340 41
Exporters
0 cut-off

Continuing plants -0.289  (0.371) -2.821*  (0.737) 0.13 5,806

Selection correction -0.155  (0.323) -2.639 * (0.660) 0.10 7,107 18
10% cut-off

Continuing plants -0.676  (0.486) -3.640*  (0.929) 0.12 3,766

Selection correction -0.455  (0.442) -3.879 % (0.854) 0.09 4,501 16
... not applicable

* indicates significance at the 1% level

Notes: The estimating equation is Equation (5). Standard errors are in parentheses. Productivity growth of
exiting plants in the Free Trade Agreement period is set to productivity growth in the 25th percentile of
continuing plants in a given Standard Industrial Classification 4-digit industry of a plant. The plant controls
are as follows: Size is log (employment) of plant & in 1988; productivity is log (labour productivity of plant &
in 1988) minus log (mean industry productivity); age is log (age) of plant k in 1988; old is equal to 1 if age in
1988 is 16, and to 0 otherwise; and foreign control is a dummy variable equal to 1 if plant & is under foreign
control 0 otherwise. g is the coefficient on Canadian tariff, and g% is the coefficient on U.S. tariff.

Source: Statistics Canada, Annual Survey of Manufactures.

We also estimate Equation (5) when dependent variables are output and employment (Table 11).
Distinguishing exporters from non-exporters helps to effectively resolve Trefler’s employment
and output paradoxes. Overall, the U.S. tariff reductions have a negative effect on employment
(p»is 1.648, =3.06) in continuing plants (as in Trefler 2004). Employment growth is reduced in

both exporters and non-exporters, but the effect on non-exporters is somewhat stronger. For non-
exporters, a 1-percentage-point fall in the U.S. tariff results in a 1.5% to 3.0% fall in employment
growth. Overall, the U.S. tariff cuts have no effect on output growth (as in Trefler 2004).
However, U.S. tariff cuts increase exporters’ output growth, especially for plants exporting a
large part of their output, while reducing output growth among non-exporters. So, export
liberalization has led to exporters cannibalizing domestic market shares of non-exporting plants.
As non-exporters are relatively less productive, the within-plant estimates show that U.S. tariff
cuts, by improving productivity of continuing exporters, also contribute to reallocation of output
toward more productive plants in the domestic market. Finally, U.S. tariff concessions are related
to an increase in export volumes and export—output ratios of exporting plants.

Another interesting observation from Table 11 is that tariff cuts have different effects on
exporters’ output and employment. That is, the U.S. tariff-cut-induced expansion of output is
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larger than expansion of employment. So, one may conjecture that increases in productivity and
output result from the realization of scale effects and/or changes in the output composition of
exporters.

Table 11
Effects of tariff cuts on plant outcomes

Interaction between

ﬂCA ﬂUS ﬁEXP A T[US and
exporter status
() 2 3 4)
Employment
Continuing plants 0.260 (0.263) 1.648* (0.539)
Export cut-offs
0% 0.176 (0.279) 3.163* (0.927)  0.020* (0.004) -1.901*** (1.104)
5% 0.131 (0.280) 1.761* (0.762)  0.020* (0.004) 0.002 (1.040)
10% 0.087 (0.281) 1.997* (0.721)  0.020* (0.004) -0.681 (1.054)
25% 0.029 (0.281) 2.024* (0.660) 0.021* (0.004) -1.535 (1.152)
50% 0.104 (0.282  1.589* (0.614) 0.021* (0.004) -0.651 (1.434)
Output
Continuing plants 0.475*** (0.265) -0.072 (0.554)
Export cut-offs
0% 0.131 (0.286) 3.170* (0.954) 0.017* (0.004) -3.974* (1.134)
5% 0.081 (0.287) 1.966** (0.783) 0.015* (0.004) -3.249* (1.069)
10% 0.019 (0.288) 2.139**  (0.741) 0.014* (0.004) -4.297* (1.083)
25% -0.026 (0.288) 1.663** (0.679) 0.014* (0.004) -5.036%* (1.184)
50% 0.079 (0.289)  0.908 (0.632) 0.012* (0.005) -4.939* (1.476)

Log exports'
Exporters in 1984 and
2
1996 -1.395 (0.906) -4.321*  (1.521)
Export—output ratio
Exporters in 1984 and

1996 0.000 (0.148) -0.614**  (0.249)
Exporters in 1984 or 1996°  0.106 (0.085) -0.443* (0.161)
... not applicable

* indicates significance at the 1% level

** indicates significance at the 5% level

**%* indicates significance at the 10% level

1. Because data on exporting are available only for selected years, we cannot implement the double-differencing
method, and look at changes from 1984 (pre-Free Trade Agreement) to 1996 (Free Trade Agreement). Regressions
control for Standard Industrial Classification 2-digit fixed effects.

2. Number of observations: 2,033.

3. Number of observations: 4,492.

Notes: The estimating equations are Equations (5) and (6). Standard errors are in parentheses. The export cut-offs
indicate the exports—output ratio used in the construction of the export dummy. The plant controls are as follows:
Size is log (employment) of plant £ in 1988; productivity is log (labour productivity of plant £ in 1988) minus log
(mean industry productivity); age is log (age) of plant & in 1988; old is equal to 1 if age in 1988 is 16, 0 otherwise;
and foreign control is a dummy variable equal to 1 if plant &£ is under foreign control, and to 0 otherwise. The
adjusted R-squared values for employment are all in the range of 8% to 9%, and for output are all in the range of 6%
to 7%. p“ is the coefficient on Canadian tariff, g% is the coefficient on U.S. tariff, p*" is the coefficient on

exporter status, and Az is the change in U.S. tariff.
Source: Statistics Canada, Annual Survey of Manufactures.
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5 Conclusion

This paper looks at the Free Trade Agreement-induced changes in the productivity distribution
and productivity growth, with particular interest in the relative importance of between- and
within-plant productivity changes. It is found that both Canadian and the U.S. tariff cuts induce
market share reallocation in favour of high-productivity plants, with the Canadian tariff effect
being more pronounced. The market share reallocation is at least explained in part by higher exit
rates among Canadian non-exporting plants caused by tariff reductions. The reductions in the
U.S. tariff increase the exit rates only among non-exporters, while increasing survival
probabilities for exporters. Also, a fall in the tariffs charged by a trading partner induces
transition of plants into higher quartiles of the productivity distribution. The effect is observed
for exporters in the relatively low productivity quartiles.

The paper provides new evidence on how the trade liberalization impacted the productivity
growth within Canadian plants. It deepens Trefler’s (2004) finding that the U.S. tariff cuts led to
productivity improvements in Canadian plants. Specifically, it shows that productivity
improvements occurred only in exporting plants, while non-exporting plants suffered a
deterioration in output and employment growth and acquired no productivity benefits from the
trade liberalization.

The share-shifting effect of the Canadian tariff change appears to be more important than the
within-plant growth induced by the U.S. tariff cuts, both for changes in productivity distribution
and for industry productivity growth. A relatively small effect of the U.S. tariff change on the
aggregate productivity can be explained by two factors. First, the U.S. tariff cuts only benefit the
productivity of exporters, who constitute less than a half of manufacturing plants, and, in
particular, of the low-productivity exporters. Second, the productivity-enhancing effect of the
U.S. tariff may be partially offset by Canadian tariff changes that put low-productivity plants at a
disadvantage.
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Appendix

Industrial classification

The plant-level manufacturing data come from the Canadian Annual Survey of Manufactures.
The database provides information on the universe of manufacturing plants operating in Canada.
In the database, each plant is assigned an industry based on 1980 Canadian Standard Industrial
Classification (SIC) 4-digit level. The industry was assigned based on the largest segment of
output of a plant using commodity shipments data, which are not available to researchers.

The 1980 SIC 4-digit level consists of 236 industries. Some of these industry groups are very
small, consisting of one or two plants. For the small industries, industry-level data are
confidential and cannot be used outside Statistics Canada. For these industries, the data were
converted to a higher level of aggregation, which resulted in the total of 213 industries. Because
the paper uses publicly available industry-level data from Trefler (2004), it uses the modified
SIC 4-digit level with 213 industries. The list of aggregated industries appears in Trefler (2001).

A small number of plants in the database change industries over time. In particular, out of 10,820
continuing plants, 7.9% have different SIC 4-digit industries in 1988 and 1996. The vast majority
of plants change industry to a related industry. The paper uses plant-level 4-digit SIC industry in
1988, i.e., right before the tariff cuts occur. A similar approach was taken by Trefler (2004),
Baldwin and Gu (2004b). One argument in favour of using tariffs based on 1988 industry is that
a plant may change its output composition (and therefore its industry) in response to the tariff
cuts. Therefore, assigning the industry codes based on 1996 can make the tariff change
endogenous. (However, the robustness checks show that assigning industry based on 1996 data
does not affect the results.)

All nominal values were converted to real values using deflators derived from the Canadian
Input—Output tables for output. These Input—Output tables are at the Input—Output Classification
consisting of 137 industries (which is close to the Canadian SIC 3-digit level).

Tariffs

The tariff data at the SIC 4-digit level were kindly provided by Trefler and details on its
construction can be found in Trefler (2004), who obtained the Canadian tariff data from Statistics
Canada and used the U.S. product line tariff data to construct industry-level tariffs as duties
divided by imports.

To define the ‘most impacted industries,” industries were ranked into three groups based on the
depths of Canadian or U.S. tariff cuts. The industries with the largest Canadian or U.S. tariff cuts
were considered as the most impacted industries.
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Business cycle controls

These business cycle control variables were kindly provided by Trefler and details on their
construction can be found in Trefler (2001 and 2004). The business cycle control variables are
expectations of the effects that business cycle fluctuations may have on productivity, output,
employment and exports of different industries. To construct A/ for a change in output, first,

annual log change in output, A y,, was regressed on distributed lag of changes in log real GDP
and real exchange rate for each industry i in year 7. Then Ab/ is the average of predicted effects
of business cycle on the output of a given industry i, Ab/, = Zi‘ Ay, 1, —ty), where ¢, and ¢ are

the first and the last years of the period s. In a similar way the business cycle controls were
constructed for employment, productivity and exports.

Table A.1
Changes in number of plants and tariff cuts, most impacted industries'
£ LY R-squared ~ Number of
observations
Number of plants
All plants 1.176**  (0.488)  0.218 (1.090) 0.03 108
< 25th percentile 0.235 (0.331)  0.005 (0.500) -0.02 108
25th to 50th percentile ~ 0.117 (0.244)  -0.011 (0.550) -0.03 108
50th to75th percentile ~ 1.090*  (0.323)  -1.553**  (0.726) 0.13 108
> 75th percentile 0.399 (0.190)  0.657 (0.427) 0.06 108
Exit
All plants -0.809**  (0.389)  0.937 (0.868) 0.02 108
< 25th percentile -0.267 (0.212)  0.546 (0.475) 0.00 108
25th to 50th percentile  -0.126 (0.143) 0.317 (0.320) -0.01 108
50th to75th percentile ~ -0.435*  (0.117)  0.567**  (0.264) 0.16 108
> 75th percentile -0.158 (0.096)  -0.250 (0.216) 0.02 108
Entry
All plants 0.368 (0.271) 1.155%*  (0.605) 0.04 108
< 25th percentile 0.068 (0.106)  0.398**  (0.240) 0.01 108
25th to 50th percentile ~ 0.227*** (0.117)  0.327 (0.262) 0.02 108
50th to 75th percentile  0.046 (0.105)  -0.065 (0.232) -0.02 108
> 75th percentile 0.142 (0.091)  0.365**  (0.203) 0.07 108

* indicates significance at the 1% level

** indicates significance at the 5% level

*** indicates significance at the 10% level

1. The most impacted industries are those that received largest U.S. or Canadian tariff concessions.
Notes: The estimating equation is Equation (1). Standard errors are in parentheses. The dependent
variables are number of plants, exit and entry. The productivity percentiles are based on 1988
distribution. Estimates on business cycle control are not presented. The number of plants in each year
is scaled by the number of plants in 1988 in a given industry. g is the coefficient on Canadian tariff,

and g% is the coefficient on U.S. tariff.
Source: Statistics Canada, Annual Survey of Manufactures.
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Table A.2
Probability of exit, by exporter status

All Non-exporters Exporters
Probit  Standard Probit  Standard Probit Standard
estimate error estimate error estimate error
All plants
A -1.600*  (0.258) -1.671*%  (0.273) -2.654 * (0.863)
AT -2.510*%  (0.545) -3.107*  (0.580) 2.907**  (1.712)
Productivity -0.250*  (0.009) -0.250*  (0.009) -0.270* (0.028)
Size -0.249*  (0.004) -0.249*  (0.005) -0.253 * (0.017)
Age -0.119*  (0.006) -0.124*  (0.006) -0.167 * (0.037)
Year -0.012*  (0.002) -0.017*  (0.002) 0.034 * (0.006)
Foreign control 0.187*  (0.021) 0.197*  (0.026) 0.168* (0.039)
Multi plant 0.193*  (0.017) 0.187*  (0.020) 0.252* (0.037)
All plants,
controlling for
diversification
A -5.557*  (0.703) -6.156*  (0.838) -2.665**  (1.448)
AT -7.053*  (1.404) -8.440*  (1.672) -0.193 (2.817)
Productivity -0.252*  (0.009) -0.252*  (0.009) -0.272 % (0.028)
Size -0.248*  (0.004) -0.248*  (0.005) -0.253 * (0.017)
Age -0.122*  (0.006) -0.127*  (0.006) -0.167 * (0.037)
Year -0.012*  (0.002) -0.017*  (0.002) 0.033 * (0.006)
Multi plant 0.145*  (0.018) 0.130*  (0.021) 0.238* (0.039)
Foreign control 0.181*  (0.021) 0.188*  (0.026) 0.165* (0.039)
AT % DIV 4.962*  (1.425) 5.727*  (1.691) 4.161 (3.060)
ATS = DIV 4.157*  (0.705) 4.668*  (0.840) -0.132 (1.515)
All plants
Log likelihood -41968.5 -37443.9 -4320.7
Number of
observations 68,030 59,587 8,443
All plants,
controlling for
diversification
Log likelihood -41920.4 -37399.3 -4319.4
Number of
observations 68,030 59,587 8,443

* indicates significance at the 1% level
** indicates significance at the 5% level

Notes: The estimated equation is Equation (3). The variables are as follows: A7 is the change in

Canadian tariff; Az%® is the change in U.S. tariff; *DIV is the interaction of changes in tariffs with
share of a plant’s Standard Industrial Classification (SIC) 4-digit industry in total output of a firm
(equals 1 if all plants of the firm produce in the same SIC 4-digit industry); productivity is log (labour
productivity in initial year); size is log (size in initial year); age is log (plant age); foreign control is a
dummy variable equal to 1 if plant is under foreign control, and to 0 otherwise; and year is a dummy
variable equal to 1 in 1988 to 1996. The productivity quartiles are defined using the 1988 productivity
distribution. All regressions control for industry fixed effects at the SIC 4-digit level.

Source: Statistics Canada, Annual Survey of Manufactures.
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Table A.3
Probability of exit, by productivity quartiles

1st quartile 2nd quartile 3rd quartile 4th quartile
Probit Standard Probit Standard Probit  Standard Probit Standard

estimate error estimate error estimate error estimate error
All plants
Az -1.811* (0.601) -1.640* (0.540) -1.665* (0.493) -1.213 ** (0.501)
AT -2.354**%*  (1.207) -1.742 (1.097) -2.930* (1.062) -2.823 ** (1.143)
Productivity -0.304 * (0.027) -0.505* (0.069)  -0.147 ** (0.066) -0.028 (0.027)
Size -0.231%* (0.011) -0.239* (0.010) -0.258* (0.009) -0.251* (0.008)
Age -0.092 * (0.013) -0.148* (0.013) -0.097* (0.013) -0.124* (0.013)
Year -0.013* (0.004) -0.021* (0.004) -0.011*% (0.004) 0.001 (0.004)
Foreign control ~ 0.128 ***  (0.068) 0.266 * (0.051) 0.082 ** (0.041) 0.186* (0.033)
Multi-plant 0.063 (0.052) 0.186* (0.041) 0.237* (0.032) 0.178* (0.028)
Exporters 0.057 (5.270) -0.226 (2.737) -2.499 (1.672) -2.936** (1.398)
ATS -33.312%*%  (13.868) 8.158 *** (4.756) 4915 (3.264) 3.485 (2.935)
Productivity -0.332%*  (0.137) -0.423 *** (0.241) -0.384 ** (0.189) -0.061 (0.069)
Size -0.197**  (0.086) -0.235%* (0.048) -0.252* (0.033) -0.270* (0.026)
Age 0.077 (0.155) -0.209 ** (0.093) -0.253* (0.076) -0.234* (0.063)
Year 0.018 (0.026) 0.046* (0.016)  0.055* (0.012) 0.042* (0.010)
Foreign control ~ 0.081 (0.214) 0.292* (0.109)  0.013 (0.079) 0.228* (0.061)
Multi-plant 0.010 (0.173) 0.119 (0.100)  0.349* (0.072) 0.304* (0.059)
Non-exporters -1.833* (0.612) -1.843* (0.560) -1.750* (0.531) -1.150** (0.552)
AT -2.356%* (1.228) -2.524* (1.147) -4.203* (1.155) -3.636* (1.268)
Productivity -0.302* (0.027) -0.539* (0.075) -0.093 (0.072) -0.026 (0.030)
Size -0.230* (0.011) -0.242* (0.010) -0.262* (0.010) -0.246* (0.009)
Age -0.096 * (0.013) -0.155* (0.013) -0.103* (0.013) -0.126* (0.014)
Year -0.015* (0.004) -0.027* (0.004) -0.019* (0.004) -0.005 (0.004)
Foreign control ~ 0.131 ** (0.076) 0.282* (0.062)  0.105** (0.051) 0.161* (0.041)
Multi-plant 0.084 (0.058) 0.214* (0.046) 0.195* (0.038) 0.162* (0.033)
Number of
observations
All plants 14,581 16,969 18,388 18,092
Exporters 574 1,422 2,680 3,767
Non-exporters 14,007 15,547 15,708 14,325

* indicates significance at the 1% level

** indicates significance at the 5% level

*** indicates significance at the 10% level

Notes: Estimated equation is Equation (3). The variables are defined as follows: Az’ is the change in Canadian
tariff; Az is the change in U.S. tariff; productivity is log (labour productivity in initial year); size is log (size in
initial year); age is log (plant age); foreign control is a dummy variable equal to 1 if plant is under foreign control,
and to 0 otherwise; and year is a dummy variable equal to 1 in 1988 to 1996. The productivity quartiles are
defined using the 1988 productivity distribution. All regressions control for industry fixed effects at Standard
Industrial Classification 4-digit level.

Source: Statistics Canada, Annual Survey of Manufactures.
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Table A.4
Probability of exit, by productivity quartiles, controlling for diversification

1st quartile 2nd quartile 3rd quartile 4th quartile
Probit Standard Probit Standard Probit Standard Probit Standard

estimate error estimate error estimate error estimate error
All plants
AT -5.996 ** (3.012) -6.933 * (1.770) -4.382* (1.416) -4.239* (1.036)
AT -3.541 (5.325) -3.019 (3.372) -8.611%* (2.765) -9.163 * (2.261)
Productivity -0.304 * (0.027) -0.504 * (0.069) -0.153 ** (0.066) -0.033 (0.027)
Size -0.230* (0.011) -0.238 * (0.010) -0.258 * (0.009) -0.250 * (0.008)
Age -0.092 * (0.013) -0.149 * (0.013) -0.100 * (0.013) -0.130* (0.013)
Year -0.014 * (0.004) -0.022 * (0.004) -0.011 * (0.004) 0.000 (0.004)
Multi-plant 0.034 (0.054) 0.137* (0.043) 0.197 * (0.034) 0.127 * (0.029)
Foreign control 0.125**%*  (0.068) 0.266 * (0.052) 0.077 *** (0.041) 0.176 * (0.033)
ALY * DIV 1.238 (5.350) 1.321 (3.394) 6.295 ** (2.822) 7.424 * (2.323)
AT * DIV 4.238 (3.008) 5.522 % (1.775) 2.813 ** (1.424) 3316* (1.059)
Exporters
AT 10.418 (14.972) -11.262 *** (6.037) 1.317 (3.334) -4.206 ** (2.142)
ATYS -41.338 (26.184) 20.333 ** (8.814) -5.673 (5.813) 0.758 (4.387)
Productivity -0.339 ** (0.138) -0.416 *** (0.242) -0.411 ** (0.189) -0.062 (0.069)
Size -0.197 ** (0.086) -0.237* (0.048) -0.252* (0.033) -0.269 * (0.026)
Age 0.077 (0.156) -0.211 ** (0.094) -0.252* (0.076) -0.235* (0.063)
Year 0.021 (0.027) 0.043 * (0.016) 0.055 * (0.012) 0.041 * (0.010)
Multi-plant 0.033 (0.182) 0.094 (0.105) 0.344 * (0.075) 0.281 * (0.061)
Foreign control 0.091 (0.215) 0.297 * (0.109) 0.007 (0.079) 0.225 * (0.061)
ALY * DIV 9.140 (24.079) -15.026 (9.228) 14.575 ** (6.628) 3.771 (4.634)
AT * DIV -11.083 (14.999) 13.036 ** (6.279) -5.241 (3.539) 1.500 (2.146)
Non-exporters
AT -6.091 *** (3.144) -7.263 * (2.149) -5.712% (1.728) -4.398 * (1.245)
ATYS -2.097 (5.551) -6.019 (3.976) -9.024 * (3.352) -11.918* .777)
Productivity -0.301 * (0.027) -0.540 * (0.075) -0.099 (0.072) -0.032 (0.030)
Size -0.231* (0.011) -0.241 * (0.010) -0.262 * (0.010) -0.245 * (0.009)
Age -0.096 * (0.013) -0.157* (0.013) -0.106 * (0.013) -0.132* (0.014)
Year -0.015* (0.004) -0.027 * (0.004) -0.019 * (0.004) -0.006 (0.004)
Multi-plant 0.056 (0.061) 0.155* (0.049) 0.146 * (0.040) 0.104 * (0.035)
Foreign control 0.128 *** (0.076) 0.281 * (0.062) 0.099 *3** (0.051) 0.145* (0.041)
ALY * DIV -0.250 (5.577) 3.651 (3.996) 5.253 (3.399) 9.373 * (2.834)
AT * DIV 4.323 (3.142) 5.583 * (2.152) 4,122 ** (1.736) 3.499 * (1.270)
Number of
observations
All plants 14,581 16,969 18,388 18,092
Exporters 574 1,422 2,680 3,767
Non-exporters 14,007 15,547 15,708 14,325

* indicates significance at the 1% level

** indicates significance at the 5% level

*** indicates significance at the 10% level

Notes: The estimated equation is Equation (3). The variables are defined as follows: Ar“! is the change in Canadian tariff; AzY is the
change in U.S. tariff; productivity is log (labour productivity in initial year); size is log (size in initial year); age is log (plant age);
foreign control is a dummy variable equal to 1 if plant is under foreign control, and to 0 otherwise; year is a dummy variable equal to
1 in 1988 to 1996; and *DIV are interactions of changes in tariffs with share of a plant’s Standard Industrial Classification (SIC) 4-
digit industry in total output of a firm (equal to 1 if all plants of the firm produce in the same SIC 4-digit industry). The productivity
quartiles are defined using the 1988 productivity distribution. All regressions control for industry fixed effects at SIC 4-digit level.
Source: Statistics Canada, Annual Survey of Manufactures.
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Table A.5
Plant transitions and tariff cuts

Quartile a a¥s R-squared Number of
observations
All plants
ENTER
Ist quartile 1.195 * (0.524) 1.185 (1.107) 0.04 209
2nd quartile 0.572 (0.454) 0.946 (0.892) 0.01 208
3rd quartile 0.152 (0.380) 1.132 (0.814) 0.00 212
4th quartile 0.511 (0.343) 1.789 ** (0.727) 0.10 212
Exporters
ENTER
Ist quartile 0.136 (0.114) 0.076 (0.245) 0.00 209
2nd quartile 0.042 (0.111) -0.118 (0.211) -0.01 208
3rd quartile 0.156 (0.125) 0.162 (0.266) 0.00 212
4th quartile 0.173 (0.188) 0.870 ** (0.399) 0.07 212

** indicates significance at the 5% level

Notes: The estimating equation is Equation (4). Standard errors are in parentheses. The productivity percentiles
are based on the 1988 productivity distribution; the 1st quartile is the lowest productivity quartile. Estimates on
business cycle control are not presented. The export status for 1980 is based on the export status in 1979, and
the export status for 1988 is defined based on the export status in 1984. o is the coefficient for Canada, and
% is the coefficient for the United States.

Source: Statistics Canada, Annual Survey of Manufactures.
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