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Abstract  

We examine the simultaneous effects of real-exchange-rate movements and of tariff reductions 
on plant death in Canadian manufacturing industries between 1979 and 1996. We find that both 
currency appreciation and tariff cuts increase the probability of plant death, but that tariff 
reductions have a much greater effect. Consistent with the implications of recent international-
trade models involving heterogeneous firms, we further find that the effect of exchange-rate 
movements and tariff cuts on exit are heterogeneous across plants—particularly pronounced 
among least efficient plants. Our results reveal multi-dimensional heterogeneity that current 
models featuring one-dimensional heterogeneity (efficiency differences among plants) cannot 
fully explain. There are significant and substantial differences between exporters and non-
exporters, and between domestic- and foreign- controlled plants. Exporters and foreign-owned 
plants have much lower failure rates; however, their survival is more sensitive to changes in 
tariffs and real exchange rates, whether differences in their efficiency levels are controlled or 
not.  
 

 

 

 

 

Key words: tariff reduction, tariff, exchange rate, plant exit, survival, failure 
 
JEL No.: D2, F1, F3, L2, L6 
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Executive summary  

The Canadian dollar has gone through several cycles of appreciation and depreciation relative 
to the U.S. dollar. It first appreciated in the early 1970s, after a period of a fixed exchange rate 
against the U.S. dollar. It depreciated between the mid-1970s and mid-1980s; this depreciation 
was followed by an appreciation in the late 1980s. The Canadian dollar then experienced a long 
period of depreciation over almost the entire decade of the 1990s; since 2002, the Canadian 
dollar has appreciated considerably, from US$0.64 in 2002 to US$0.93 in 2007. 
 
The Canadian manufacturing sector has also had to adapt to increasing trade liberalization. The 
Kennedy, Tokyo, and Uruguay rounds of international-trade liberalization led to falling tariffs in 
the 1960s, 1970s, and 1980s. The Free Trade Agreement between Canada and the United 
States of America (FTA between Canada and the United States), which came into force in 1989, 
and the North American Free Trade Agreement (NAFTA), which came into force in 1994, 
followed up with even larger tariff reductions than had been experienced in previous decades. 
 
Plants may respond to exchange-rate movements and tariff reductions in many ways. They may 
expand/contract existing operations, enter/exit domestic or foreign markets, relocate their 
production facilities, or consolidate operations through mergers/acquisitions. This paper focuses 
on the linkage between changes in the exchange rate and plant exit. We ask which plants are 
more likely to exit when the Canadian dollar appreciates or depreciates against the dollar of its 
largest trading partner—the United States. In examining the effect of exchange-rate movements 
on plant exits, we also control for other factors that may influence plant closure. These include 
falling tariffs as well as a set of plant characteristics, such as age, size, productivity, export 
status, and ownership-control status.    
 
Plant exit plays an important role in resource reallocation and industrial renewal. While plant 
closure results in job losses, the “creative destruction" associated with plant turnover may also 
trigger innovation and improve productivity by replacing the least productive with more 
productive plants. Understanding the factors contributing to plant closure has important 
implications for industrial, trade, and foreign-direct-investment policy.  
 
Using Canadian manufacturing plants over the period 1979-1996, we provide empirical 
evidence regarding the simultaneous effect of tariff reduction and exchange-rate fluctuations on 
plant survival. We find: 
 

• Currency appreciation increases the probability of plant death while currency depreciation 
increases the probability of survival. The effect is not uniform across plants: plants that are 
less efficient experience an increase in their shutdown probabilities when the Canadian 
dollar appreciates. 

• A decline in tariffs raises the probability of plant death, in particular for plants that are less 
efficient. 
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• Overall, for the period under examination, tariff reduction has a greater effect on plant exit 
than do exchange-rate fluctuations. On the one hand, for the period from 1984 to 1990, the 
rate of plant failure due to tariff reduction is about 2.6 times that of plant failure due to 
exchange-rate appreciation. The real depreciation of the Canadian dollar from 1979 to 1984 
and from 1990 to 1996, on the other hand, decreases the exit rate. However, this decline 
only partially offset the increased exit probability due to tariff cuts that occurred at the same 
time. During the implementation of NAFTA, in the 1990s, the Canadian economy 
experienced a substantial depreciation in its currency that offset about 17% of the effect of 
falling tariffs during this period.  

• There are significant and substantial differences between exporters and non-exporters, and 
between domestic- and foreign- controlled plants. Exporters and foreign-owned plants have 
much lower failure rates; however, their survival is more sensitive to changes in tariffs and 
real exchange rates. 
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Introduction 

This paper is one of the few that have studied the impact of exchange rate movements on plant 
survival. While there are several papers that analyze the impact of tariff reductions (Head and 
Ries 1999; Trefler 2004; Lileeva 2008), work on how exchange rate movements affect plant 
survival is limited.1 The paper provides empirical evidence on the simultaneous effect of tariff 
reduction and exchange rate movements on plant exit using Canadian plant-level panel data 
covering a period from 1979 to 1996, during which Canada experienced large exchange rate 
fluctuations and tariff reductions. We make use of Statistics Canada’s Annual Survey of 
Manufacturers (ASM), which allows for a rich set of covariates with regard to nationality, export 
intensity, and industry characteristics. As a result, we are able to examine the heterogeneity of 
responses of different subgroups of plants to changing tariffs and exchange rates. The paper 
also looks at the problems associated with interactions in probit regression and offers correct 
interpretation of the effects of interaction terms between tariffs/exchange rates and producer 
characteristics.  
 
Section 1 reviews a set of hypotheses regarding plant exit using a variety of models from the 
industrial-organization and international-trade literature. Section 2 introduces the data sources 
used herein and provides summary statistics. Section 3 outlines empirical specifications, and 
presents empirical results. Section 4 concludes. 

 
 

                                                 
 1. A number of studies (Head and Ries 1999; Fung 2008) have looked at how changes in exchange rates affect the 

scale of production. Using a panel of 230 Canadian manufacturing industries between 1988-1994, Head and Ries 
(1999) find that the overall growth in average output per plant is due to undercounting of small establishments, 
changes in the industry composition, exchange rate depreciation, and U.S. tariff reductions. Fung (2008), 
however, finds that real-currency appreciations lead to scale expansion of surviving firms in Taiwanese 
manufacturing plants. Baggs et al. (2009) examine the issue of exchange rate and firm survival, but differ from 
this paper in terms of data, sample period, methodology and findings. 
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1 Analytical Framework 

This section draws upon theoretical and empirical work on plant exit from both the industrial-
organization and international-trade literature, and outlines a set of testable hypotheses that we 
will examine in the following sections. 
 

1.1  Plant death and exchange rate 

Very little work has been done on the relationship between plant exit and changes in exchange 
rates, either theoretically or empirically. Here we make use of the recent heterogeneous-firm 
model of trade developed by Bernard et al. (2003) and Melitz and Ottaviano (2008).  
 
Bernard et al. (2003) adapt the Ricardian model to firm-specific comparative advantage. The 
authors calibrate their model to U.S. plant-level statistics and U.S trade data. Using this model, 
they simulate and obtain comparative statistics on the impacts of globalization and dollar 
appreciation on productivity and plant entry and exit in the U.S. manufacturing sector. They 
found that U.S-dollar appreciation raises U.S manufacturing productivity. Part of the gain in 
aggregate productivity is due to the exiting of less productive domestic producers.2 
 
Melitz and Ottaviano (2008) develop a monopolistically competitive model of trade with 
heterogeneous firms producing a horizontally differentiated good with a single production factor 
of labour in a general equilibrium setting. Firms are heterogeneous in terms of efficiency, and 
markets differ with respect to the “toughness” of competition in terms of the number and 
average efficiency level of competing firms. Higher efficiency is modeled as producing a greater 
variety at lower marginal cost. A critical cut-off cost threshold is determined when firms earn 
zero profit. An entering firm would immediately exit if its profit level were negative (with above-
cut-off cost).  
 
Trade is related to the toughness of competition in a product market, which then feeds back into 
the selection and reallocation of heterogeneous domestic producers and exporters in that 
market. A unilateral liberalization by the home country (a tariff cut at home, holding tariffs at 
foreign-country constant) increases import competition at home and generates a decrease in its 
threshold cost cut-off, forcing some of the less efficient plants at home to shut down.  
 
The Melitz and Ottaviano (2008) model with asymmetric trade costs can be used to predict the 
effects of exchange-rate fluctuations on plant dynamics. An appreciation of a home currency is 
equivalent to lowering home tariffs and raising foreign tariffs. An appreciation represents 
decreased export-market opportunities on the export side and an increased level of import 
competition on the import side. It induces the least efficient plants to shut down operations. The 
opposite occurs when a currency depreciates. 

 
 
 
                                                 
 2. The main channel for the productivity gain is the declining relative price of imported intermediates, which 

generates substitution of intermediates for labour and therefore productivity gain among surviving plants. 
Reallocation is also important: the gain from the exiting of less productive domestic producers is partially offset by 
the loss due to reallocation of production away from the most productive firms (which lose export markets). 
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Both the Bernard et al. (2003) and Melitz and Ottaviano (2008) models lead to:  
 

Hypothesis 1: An appreciating currency increases the exit rate of less productive plants. In 
other words, the effect in terms of plant death is not distributed equally across plants: 
changes in the real exchange rate have a stronger effect on the survival of the least efficient 
plants. This suggests a significant interaction effect between exchange-rate movements and 
the efficiency level of a plant.   
 

1.2  Plant death and symmetric tariff reductions 

The heterogeneous-firm-based models of international trade (Melitz and Ottaviano 2008; 
Bernard et al. 2003; Yeaple 2002; Melitz 2003; Baldwin and Gu 2009) all generate the 
equilibrium property that a symmetric reduction in bilateral tariff reductions forces the least 
efficient firms to exit. Exporters are less likely to fail than non-exporters, as a result of the higher 
efficiency of the former.  
 
A number of papers have investigated the effects of declining tariffs on industry dynamics (Head 
and Ries 1999; Gu et al. 2003; Lileeva 2008). They find that a fall in Canadian tariffs increased 
exit rates of Canadian firms. Bernard, Jensen, and Schott (2003) further find evidence 
supporting the major hypotheses of the heterogeneous-firm models. They find that low-
productivity non-exporters are more likely to die and that declines in trade costs increase the 
probability of death. Pérez et al. (2004) find that exporting firms enjoy better survival prospects. 
 

Hypothesis 2: Falling tariffs force the least efficient firms to exit. In other words, a fall in 
tariffs is expected to have a stronger effect on the death of a plant that is least efficient. This 
suggests a significant interaction effect between tariff cuts and the efficiency level of a plant.  
 
Hypothesis 3: Non-exporters, compared to exporters, are more likely to die as a result of the 
lower efficiency of the former.  
 

1.3  Plant death and other risk factors 

There has been a profusion of theoretical and empirical work in the industrial-organization 
literature on entry and exit of firms. One stylized fact (Dunne 1988; Baldwin 1995; Geroski 1995; 
Baldwin et al. 2000) is that size and age are positively related to a plant’s probability of survival. 
Both the “liability of newness” effect (Stinchcombe 1965) and the selection models (Jovanovic, 
1982; Pakes and Ericson 1998) suggest that new entrants and smaller plants are at a greater 
risk of failure compared with older and larger plants. New plants go through a process of 
learning after entry. This involves solving a range of problems, from acquiring suitable capital, to 
training a new workforce, establishing an appropriate organizational structure, and establishing 
upstream and downstream links with suppliers and customers (the “liability of newness” effect). 
New plants tend to be small relative to the minimum efficient scale; the likelihood of survival for 
small firms is lower because they are confronted by a scale cost disadvantage (the “selection” 
effect). Unlike large plants, small plants may not have ready access to capital and labour 
markets;3 this in turn increases operating costs and their chances of exit. 

 

                                                 
 3. See Johnson, Baldwin, and Hinchley (1997), and Baldwin et al. (2002), for a study of financing issues in new 

firms. 
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Hypothesis 4: Younger plants are more likely to die.  
Hypothesis 5: Smaller plants are more likely to die. 
 

In addition to the effect of age and size on plant exit, selection models by Jovanovic (1982) and 
Ericson and Pakes (1995) also suggest that low-productivity plants have a higher probability of 
exit. Jovanovic's (1982) model is based on passive learning. Entering plants do not know their 
efficiency levels before entering the market. After entry, new plants learn about their relative 
efficiency through natural selection. The less efficient plants exit, while the most efficient ones 
survive and grow. In contrast, in the models of Ericson and Pakes (1995) and Pakes and 
Ericson (1998), each firm's performance and survival are driven by firm-specific active learning 
and investments in R&D and in innovation activities.  
 

Hypothesis 6:  Less productive plants are more likely to die. 
 

The relationship that should be expected between foreign ownership and plant exit is less clear. 
Various theoretical models have considered the role of foreign ownership with regard to the 
probability of plant exit. If foreign-owned subsidiaries have access to superior technologies, this 
would suggest that this group is more efficient and is less likely to exit. According to the 
resource-based view of firms (Wernerfelt 1984), the chances of survival depend to a large 
extent on a firm’s ability to develop specific capabilities. On the one hand, multinationals are the 
type of firms that develop special-knowledge assets (Caves 2007) and have a greater 
propensity to be engaged in R&D, product innovation, and technological collaboration (Baldwin 
and Gu 2006); this may improve both their competitiveness and their chances of survival. On 
the other hand, in comparison with purely domestic plants, multinationals may have a higher 
elasticity of labour demand as a result of their enhanced ability to shift production across 
locations or outsource intermediate inputs from foreign plants (Riker and Brainard 1997; 
Brainard and Riker 1997). Since foreign multinational enterprises (MNEs) are less rooted in the 
local economy, they can shift their production to another country when the local economy 
deteriorates. The latter factors should increase the probability of shutdown, when faced with 
deteriorating domestic economic conditions.  
 
The empirical evidence on foreign ownership and plant closure is mixed as well (Harris and Li 
2007). For example, Bernard and Jensen (2002) find that plants owned by U.S. multinationals 
are more likely to close than similar plants of non-multinational firms. Görg and Strobl (2003) 
report a greater probability of exit for Irish plants that are foreign-owned. Li and Guisinger (1991) 
find that domestic entrants are more likely to exit than foreign ones. 
 

Hypothesis 7: Foreign-owned plants may be either more or less likely to die compared 
with domestic-owned plants. 
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2 Data source and summary statistics 

2.1  Data on real exchange rates  

To investigate the impact of exchange-rate movements on plant survival, we use industry-
specific real exchange rates between Canada and the United States. The real exchange rate for 
industry i (Ei) is constructed as the normal exchange rate (NER, expressed in terms of U.S. 
dollars per Canadian dollar) deflated by U.S. ( u

ip ) and Canadian industry ( c
ip ) prices, 

respectively. That is: u
i

c
i

i p
p

NERE = . The nominal exchange rate is taken from Statistics 

Canada’s CANSIM database. Canadian industry prices are from a database maintained by the 
Economic Analysis Division of Statistics Canada. They are gross output prices from the 
Input/Output system and cover 236 four-digit Canadian manufacturing industries from 1973 to 
1997. The U.S. gross output prices are derived from the U.S. NBER-CES Manufacturing 
Industry Database, a joint effort between the National Bureau of Economic Research (NBER) 
and the U.S. Census Bureau's Center for Economic Studies (CES). The NBER-CES 
Manufacturing Industry Database covers 459 U.S. manufacturing industries from 1958 to 1996. 
They are matched and aggregated to the 236 Canadian manufacturing industries.  
 
An alternative to constructing industry-specific real exchange rates is to calculate the exchange 
rate as a weighted average of exchange rates between Canada and its trading partners, with 
weights being the countries’ trade shares for each industry (Baggs et al. 2009). There are two 
problems with the use of this rate for studies of firm reaction to movements in exchange rates. 
Firstly, the Canadian trade-weighted real exchange rates suffer from the lack of variability 
across industries since the United States is our predominant trading partner across 
manufacturing industries (this is indeed the case since, when year dummies are included, 
Baggs et al. (2009) find that real exchange rates tend to have an insignificant impact). Secondly, 
this rate assumes same price adjustments to nominal exchange-rate movements across 
industries. However, Baldwin and Yan (2007) find large heterogeneity in industries’ responses. 
The price-adjusted real exchange rate is a better indicator of an industry’s international 
competitiveness. It measures the price spread between an industry’s product price and the 
landed price charged by industries in other countries. International competitiveness is affected 
not only by the nominal exchange rate but also by domestic and foreign price movements. For 
example, if the Canadian dollar appreciates against the U.S. dollar (an increase in NER) but this 

is offset by movements in the relative inflation rate of Canada (a decrease in )u
i

c
i

p
p

, there is no 

change in the competitive pressure faced by Canadian firms as a result of the exchange-rate 
movement. What is relevant to competitive pressures is the movement in relative domestic 
prices in each country. Changes in the nominal exchange rate have a potential impact only in 
respect of an industry’s competitiveness. The actual shifts in competitiveness depend on the 
ability and the speed with which the industry adjusts its prices to changes in the nominal 
exchange rate.4 When the real exchange rate increases, Canadian manufacturers are placed 
under more pressure by U.S exporters as they lose competitiveness. When the real exchange 

                                                 
 4. Baldwin and Yan (2007) examine factors affecting relative price movements in response to nominal-exchange-

rate changes and find large heterogeneity in industries’ responses. 



Economic Analysis Research Paper Series  - 14 - Statistics Canada – Catalogue no. 11F0027M, no. 061 
 

rate experiences a downward trend, Canadian industries become more competitive relative to 
their foreign counterparts.  
 
The Canadian dollar has gone through several cycles of appreciation and depreciation relative 
to U.S. dollar. It first appreciated in the early 1970s after a period of a fixed exchange rate 
against the U.S. dollar. It depreciated between the mid-1970s and mid-1980s; this depreciation 
was followed by an appreciation in the late 1980s. The Canadian dollar then experienced a long 
period of depreciation over almost the entire decade of the 1990s; since 2002, the Canadian 
dollar has appreciated considerably, from US$0.64 in 2002 to US$0.93 in 2007. Chart 1 plots 
the nominal and real exchange rates for the manufacturing sector from 1960 to 2007, using 
Canadian and U.S. manufacturing GDP deflators for the real exchange rate.5 Prices are all 
indexed to 1961.  The real exchange rate for the manufacturing sector tracks the movement of 
the nominal exchange rate, indicating the stickiness of Canada/U.S. prices. Prices do not adjust 
to movements in the nominal exchange rate immediately.  
 
We divide the entire period 1979-1996 into three sub-periods: 1979-1984; 1984-1990; and 
1990-1996. They roughly correspond to the depreciation and appreciation cycles of the 
Canadian dollar. They also roughly correspond to the periods preceding and the periods 
following the Free Trade Agreement between Canada and the United States of America (FTA 
between Canada and the United States), which came into force in 1989, and the North 
American Free Trade Agreement (NAFTA), which came into force in 1994.  
 
Summary statistics of exchange-rate changes over the three periods are provided in Table 1. 
The Canadian dollar depreciated at an average annual rate of 1.63 percentage points between 
1979 and 1984, and at an average annual rate of 2.06 percentage points from 1990 to 1996, 
against the U.S. dollar. It appreciated at an annual average rate of 1.42 percentage points from 
1984 to 1990. The average real exchange rate over 236 manufacturing industries experienced a 
pattern of movements similar to that for the nominal exchange rate. The standard deviations for 
the real exchange rate are large, indicating substantial variations across industries. In the next 
section, we investigate how plant survival differs systematically with changes in real exchange-
rate movements across industries. 

 
2.2  Data on tariff reductions 

The Canadian manufacturing sector has also had to adapt to increasing trade liberalization. The 
Kennedy, Tokyo, and Uruguay rounds of international-trade liberalization led to falling tariffs in 
the 1960s, 1970s, and 1980s. The FTA and NAFTA followed up with even larger tariff 
reductions than had been experienced in previous decades. 
 
To investigate the effect of tariff reductions on plant survival, we use bilateral tariffs between 
Canada and the United States as our measure of trade costs. More specifically, we use the 
average of Canadian tariff reductions against U.S. imports and U.S. tariff reductions against 
Canadian exports.6 Data on Canadian tariffs against the U.S. and on U.S. tariffs against Canada 
are available from 1980 to 1996 for 236 four-digit manufacturing industries.7 The data are 
constructed on the basis of import duties by commodity. Commodities are linked to their primary 

                                                 
 5. Post-1996, the U.S. data are taken from the EU KLEMS database.  
 6. Previous work has found that, at the industry level, correlations in tariff changes across the two countries are 

sufficiently high as to make it difficult to discern separate effects of reductions in tariffs in each country on 
structural changes in Canada (Baldwin, Caves, and Gu 2005). 

 7. Tariff data for 1980 are used for 1979. 
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industries of production. Average industry tariffs are then calculated using import values as 
weights.8  
 
Table 1 shows that tariff reductions between Canada and the U.S. are large, at an annual 
average rate of 0.22 percentage points during 1979-1984, 0.33 percentage points during 1984-
1990, and 0.62 percentage points during 1990-1996.  

 
2.3  Data on plants 

The plant-level data come from Statistic Canada’s ASM database, a longitudinal database that 
tracks Canadian manufacturing plants over time.9 It has information on shipments, value-added, 
employment, age of plants, nationality of ownership control, exports, and industry affiliation at 
the 1980 four-digit Canadian Standard Industrial Classification. Information on export status is 
available only for 1979, 1984, 1990, 1993, 1996, and 1997 for plants that filled out the long 
form.10 Exits are defined for the purposes of this study as plants that completely cease to report 
any data.11  
 
Table 2 contains sample statistics for plant characteristics. The number of plants in 
manufacturing increased slightly over time, from 34,000 in 1979, to 38,000 in 1984, and to 
42,000 in 1990. Distributions of plant characteristics are skewed. For example, the majority of 
plants have lower labour productivity than the mean. The same is true of plant size. Over the 
entire period, around 65% of plants had a value of labour productivity that was below the four-
digit industry average, and around 74% of plants had a labour employment that was below the 
industry average. A small percentage of plants were exporters (16%). On average, foreign-
controlled plants accounted for 14% of all plants. The number of foreign-controlled plants 
decreased steadily over time, from 16.2% in 1979, to 13.8% in 1984, and to 12.3% in 1990. At 
the same time, the number of exporters increased from 13.1% in 1984 to 21% in 1990; this 
increase coincided with the coming into force of the FTA between Canada and the United 
States, in 1989.  
 
We also find that plant turnover increased. The incidence of plant exits increased from 31.2% in 
the 1979-to-1984 period to about 37% in the latter two periods. Most exiting plants were small; 
their output shares accounted for only about 11% over the three periods. There are major 
differences between the characteristics of exiting and those of continuing plants (Table 3). Over 
the three periods, exiting plants were less productive, smaller, younger, and more likely to be 
non-exporters and domestic-controlled plants than continuing plants.  
 
There are also major differences in the characteristics of exporters and non-exporters, and 
between those of domestic- and foreign- controlled plants (Table 4). Exporters and foreign-
controlled plants accounted for an average of 16% and 14% of all Canadian manufacturing 

                                                 
 8. We are grateful to Alla Lileeva for providing us with the tariff data. For details on the sources and construction of 

the tariff data, see the Appendix in Trefler (2004). 
 9. Over the study period, the ‘survey’ was essentially a census, with data on smaller firms being filled with 

administrative records. 
10. The survey data are derived from long-form questionnaires (often given to larger plants) and short-form 

questionnaires (often given to smaller plants). The long-form questionnaires contain much more detailed 
information than do the short-form questionnaires. Implicit in our analysis is the assumption that small plants 
(which filled in the short-form questionnaires) are non-exporters. The assumption is reasonable. According to a 
1974 survey that collected export data on all plants, only 0.4% of plants that filled in the short-form questionnaires 
reported exports (Baldwin and Gu 2003).  

11. Plants that temporarily stop reporting data but shortly thereafter start doing so again are not classified as plant 
deaths here. 
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plants, respectively. Exporters and foreign-controlled plants were more productive, larger, and 
older than non-exporters and domestic-controlled plants.  

3 Empirical specification and results 

Building on existing trade models involving heterogeneous firms (Melitz and Ottaviano 2008; 
Melitz 2003; Bernard et al. 2003; Baldwin and Gu 2009), we summarize a plant’s decision to exit 
with: 

 *)Pr()1Pr( ccExit ptpt ==  (1) 
 

where *c  is the critical cost cut-off threshold, at which point a plant earns zero expected profit. 
A plant is hypothesized to exit if its cost ptc  at period t is more than the threshold and thus the 

plant earns negative expected profit.  
 
We further assume that the cost level of a plant depends on a combination of plant 
characteristics, industry shocks relating to tariff reductions, and the real exchange rate, as well 
as the interactions of these factors. That is: 

 
 

0 00pt it pt it ptc x V Z V Zβ α δ φ λ= = + Δ + + Δ  (2) 
 

where β  is a vector of coefficients ( ),,,0 λϕδα  and x is a vector of independent variables that 

include a vector of industry-wide changes in tariffs and real exchange rates ( itVΔ ), and a vector 

of plant-level characteristics at the beginning year of a period t0 (
0pt

Z ). Plant-level 

characteristics include relative labour productivity (relative to its four-digit industry average), 
relative plant size measured in terms of employment (relative to its four-digit industry average), 
and age. Note that changes in tariffs and real-exchange-rates are at four-digit industry level. 
They are treated as exogenous, rather than endogenous, or choice, factors, for each individual 
plant. While the real exchange rate depends on industry pricing decisions of the largest firms in 
each industry and might for some studies be considered endogenous, exit is primarily a 
phenomenon of small plants that take the pricing decisions of the large firms as given. 
 
Accordingly, equation (1) is rewritten as 
 

 
0 00Pr( 1) ( ) ( )pt it pt it ptExit x V Z V Zβ α δ φ λ= = Φ = Φ + Δ + + Δ  (3) 

 
where Φ  is the standard normal cumulative distribution. 
 
Two econometric issues need to be addressed before we present results. Firstly, equation (3) 
could be estimated by using a fixed-effects model, which typically includes a set of year and 
industry dummies, in order to control for unobserved heterogeneity across plants and over time. 
An alternative to this common practice is to demean all variables.  

 
We experimented with these two approaches. They produce exactly the same results when 
there are no interaction terms. With interactions, the two are almost, but not quite, the same. 
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This is because most statistical programs such as STATA would not know, for example, that the 
independent variable 

0ptit zvΔ is an interaction term between itvΔ  and
0pt

z . Including a set of 

period and industry dummies in the case of equation 3 is equivalent to subtracting the mean of 
(

0ptit zvΔ ) from the product of itvΔ  and 
0pt

z (
0ptit zvΔ ). This is not the same as the product of the 

demeaned itvΔ  and 
0pt

z , as it should be.  
 

Even though the two approaches are essentially equivalent, the latter allows us to more easily 
interpret the marginal effects. We therefore adopt the demeaned approach. We demean 
variables itvΔ  and 

0pt
z  before estimating equation (3). Period and two-digit industry specific 

averages are subtracted from these variables. (To be consistent with fixed-effects model, 

variable itX  is demeaned as follows: XXXXx tiitit +−−= , where itx  is the demeaned itX , 

iX is the average for each two-digit industry i, tX is the average for each time period t, and 

X is the average of iX  over all two-digit industries or the average of tX  over all time periods.) 
The interaction terms are the products of the demeaned variables itvΔ  and 

0pt
z .  

 
Secondly, the inclusion of interaction terms makes the evaluation and interpretation of the 
results difficult and, in the past, has resulted in many incorrect estimates. Ai and Norton (2003) 
found that, among 72 articles published between 1980 and 1999 in 13 economics journals listed 
on JSTOR (a U.S.-based online system for archiving academic journals) that used interaction 
terms in nonlinear models, none of the studies interpreted the coefficient on the interaction term 
correctly. Since coefficients in probit models with interaction terms are hard to interpret (Ai and 
Norton 2003; Norton, Wang, and Ai 2004), we focus instead on the marginal effects when 
presenting results12. Marginal effects for interaction terms are calculated according to the 
following formulas:  
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The marginal effects of changes in tariffs and real exchange rates on plant exit are calculated as 
follows: 

 

 
itit v
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∂Φ=
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Φ∂ )()()( ' βββ  (5) 

 
Similarly, the marginal effects of plant characteristics on exit are calculated as follows13: 

 

 
ptopt z
xx
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∂Φ=

∂
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0

βββ  (6) 

 
 
                                                 
12. Baggs, Beaulieu, and Fung (2009) who also examine the impact of exchange rates on survival are an example.  
13. Marginal effects in equations (4)-(6), and differences in marginal effects, can be obtained by using the ‘nlcom’ or 

‘predictnl’ command in STATA; this also calculates the standard errors of the marginal effects by the delta 
method.  
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3.1  Impact of tariff cuts on exit: all plants 

We estimated equation (3) using a probit model. Marginal effects are reported in Table 6—and 
are based on the probit coefficient estimates reported in Table 5. Marginal effects are evaluated 
at industry mean values of all underlying variables.  For all manufacturing plants, tariff cuts have 
a negative effect on exit that is statistically significant at the 1% level. A one-percentage-point 
reduction in tariffs increases the probability of exit by 4.7 percent. Further, the effect of tariff 
reductions on the probability of plant exit depends on the level of a plant’s productivity: higher-
productivity plants are less likely to die as a result of a given fall in tariffs since the marginal 
effect on the interaction term between tariff changes and productivity is positive and statistically 
significant at the 1% level. The interaction terms for the other variables are not statistically 
significant.  
 
To demonstrate how marginal effects vary with plant characteristics, we graph the marginal 
effects of tariff changes across the observed range of relative productivity, relative employment, 
and age, respectively (Charts 2, 3 and 4).14 The solid sloping line in Chart 2, for example, 
indicates how the marginal effects of tariff changes vary with relative productivity. Any particular 

point on this line is
itit v
xx

v
x

∂
∂Φ=

Δ∂
Φ∂ )()()( ' βββ

, where all xs—except relative productivity, which is 

allowed to vary—are evaluated at industry mean values. Ninety-five-percent confidence 
intervals around the line allow us to determine the points at which tariff reductions have a 
statistically significant effect on exit. The effect is significant whenever the upper and lower 
bounds of the confidence interval are either above or below the zero line.  
 
These confidence intervals indicate that changes in tariffs have strong negative effects on the 
probability of exit when productivity is low. This negative effect declines as productivity 
increases. Once a plant’s productivity is 1.6 times more than its industry average (or a plant’s 
relative productivity deviates from the industry mean of one by 0.6 units as shown on the 
graph),15 a change in tariffs no longer has a significant negative impact on plant death. This 
result is significant, since the productivity of roughly 88% of plants is less than 1.6 times the 
industry average.  In other words, a fall in tariffs has a significant effect on the survival of 88% of 
manufacturing plants, whose productivity is less than 1.60 times the industry average. Within 
this group of plants, the negative effect of tariffs on death declines as productivity increases. 
 
The marginal effects of tariff cuts are plotted against relative employment and age in Charts 3 
and 4. A decline in tariffs has a significant impact on the survival of 84 percent of manufacturing 
plants—those whose employment is less than 1.60 times industry average employment, and on 
the survival of 82 percent of manufacturing plants, those that are either older than the average 
industry plant age or younger by not more than five years. Within these two groups of plants, the 
negative effect declines with employment size, but increases with age. However, as we will 
demonstrate in Table 7, this change in the negative effect of employment size and age is not 
statistically significant.  

                                                 
14. As a result of the skewed distribution of plants in terms of productivity and employment (many small and less 

productive plants and a few larger and very productive plants), the plots include only plants whose relative 
productivity and relative employment is within two standard deviations from their industry mean. This covers 98% 
of plants for Charts 2 and 5, and 97% of plants for Charts 3 and 6. Charts 4 and 7 includes all plants. 

15. All variables are measured as deviations from two-digit industry means. For example, relative productivity has a 
mean value of one; for a plant whose productivity is twice as much as the industry average, the relative 
productivity is two, and its deviation from the mean of relative productivity is one.  
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The marginal effects are calculated in Table 6 by relative labour productivity, relative 
employment, and age quartiles. The marginal impacts in these quartile groups are evaluated at 
the mean of all variables—except the variable used to classify quartiles, which is evaluated at 
quartile mean values. As was found in Charts 2, 3 and 4, a reduction in tariffs significantly 
increases the exit rate for plants in the lowest three quartiles, defined in terms of productivity 
and employment, but has no significant impact for plants in the highest quartiles. In addition, the 
marginal effect drops as productivity or employment moves from the lowest quartile to the 
highest quartile. In particular, the differences among the four quartile groups in terms of 
productivity are significant at the 5% level, but insignificant among the four quartile groups in 
terms of employment. Tariff reductions impact on plant survival for all age groups, but are  
marginally significant only for the youngest group, and the differences among the four groups 
are not statistically significant.  
 
In sum, we find tariff reductions have strong negative effects on the probability of plant exit. A 
fall in tariffs increases the likelihood of exit for around 80 percent of manufacturing plants with 
relatively low productivity. Within this group of plants, the negative effect declines as productivity 
increases. This supports hypothesis 2. 
 

3.2  Impact of real exchange-rate changes on exit: all plants 

Changes in the value of the Canadian dollar have a significant positive impact on plant exit. A 
one-percentage-point appreciation in the Canadian dollar raises the probability of exit by 0.3 
percent, statistically significant at the 5% level. Furthermore, the effect of real-exchange-rate 
changes on plant exit depends on the level of productivity: higher-productivity plants are less 
likely to die as a result of a given appreciation of the Canadian dollar since there is a negative 
marginal effect associated with the interaction term between real-exchange-rate changes and 
productivity that is statistically significant at the 1% level. The interaction terms for the other 
variables are not statistically significant (Table 7).  
 
Marginal effects of changes in the real exchange rate are plotted against relative productivity, 
relative employment, and age, respectively in Charts 5, 6 and 7). Changes in the real exchange 
rate have strong positive effects on plant exit when productivity is low (Chart 5). This positive 
effect declines as productivity increases. Once a plant’s productivity is 1.1 times more than its 
industry average (or a plant’s relative productivity deviates from the industry mean of one by 0.1 
units as shown on the graph), changes in the real exchange rate no longer have a significant 
positive impact on plant death. The result is substantive, since roughly 71% of plants have 
productivity that is less than 1.1 times the industry average. In other words, an appreciation of 
the Canadian dollar has a significant impact on the survival of 71% of manufacturing plants 
whose productivity lies below 1.1 times the industry average; furthermore, within this group of 
plants, the impact declines as productivity increases.  
 
Marginal effects by the four quartiles in terms of productivity (Table 7) further confirm the results 
from Chart 5: an appreciation in the Canadian dollar significantly increases the exit rate for 
plants in the lowest three quartiles, but has no significant impact for plants in the highest 
quartile. The marginal effect drops as productivity moves from the lowest to the highest quartile; 
the differences among the four quartiles are statistically significant at the 5% level.  
 
Not all characteristics are related to the impact of exchange-rate fluctuations. The marginal 
impact of fluctuations in the Canadian dollar on plant closure does not vary significantly across 
plants that differ in terms of employment size or age (Charts 6, 7 and Table 7). 
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In sum, we find that the value of the Canadian dollar has a strong positive effect on the 
probability of plant exit. An appreciation of the Canadian dollar increases the likelihood of plant 
failure for around 70 percent of manufacturing plants with relatively low productivity. Within this 
group of plants, the positive effect declines as productivity increases. This supports 
hypothesis 1. 
 

3.3  Impact of industry characteristics on exit: all plants 

We confirm previous research findings that plant size, age, and productivity are important 
determinants of plant survival. Younger, smaller, and less productive plants are more likely to 
die since there are statistically significant marginal effects on the relative productivity, relative 
employment, and age variables (Table 8);16 negative slopes are associated with these variables 
in Charts 8, 9 and 10. The results are consistent with predictions arising from hypotheses 4, 5, 
and 6. 
 

3.4  Non-exporter vs. exporters 

To examine how changes in tariffs and real exchanges rates differentially affect the survival of 
exporters and non-exporters, we estimate equation (3) separately for exporters and non-
exporters. A plant is defined as an exporter if it exports at the beginning of a period. All variables 
are demeaned as was done previously. Probit coefficient estimates for both exporters and non-
exporters are reported in Table 5. 
 
The predicted exit rate for the two groups over the entire range of actual changes in tariffs and 
real exchange rates is plotted in Charts 11 and 12. Three conclusions can be drawn. First, tariff 
reductions are negatively associated with the predicted probability of exit for both exporters and 
non-exporters, while increases in the real value of the Canadian dollar are positively associated 
with the predicted probability of exit. This confirms our findings, reported in sections 2.1 and 2.2, 
that a fall in tariffs or a real appreciation in the Canadian dollar increases the probability of exit.  
 
Second, the predicted exit rate for non-exporters is higher than the predicted exit rate for 
exporters17: 37.2 percent for non-exporters and 21.0 percent for exporters (Table 9). The 
marginal effect of being an exporter (the difference) is statistically significant at the 5% level. 
This supports hypothesis 3. Non-exporters are less efficient—less productive, smaller, and 
younger (Table 5). Their cost disadvantage leads to a higher probability of exit.  
 
Third, the marginal effects of changes in tariffs and in real exchange rates on exit are 
significantly greater for exporters than for non-exporters—as is evidenced by the steeper slopes 
for exporters in Charts 11 and 12, and by the higher marginal effects calculated in Tables 6 and 
7.18    
 

                                                 
16. Marginal effects are calculated on the basis of probit coefficients in Table 5, and evaluated at the two-digit 

industry mean values of all variables. 
17. Predicted exit rates are evaluated at the common industry mean values of tariff cuts and real-exchange-rate 

changes, and at group-specific industry mean values of productivity, employment, and age. 
18. To compare the difference in how a given shock in tariff cost and exchange rate affects exporters and non-

exporters, we evaluate the marginal effects by holding changes in tariff cost and exchange rate constant across 
the two groups (evaluated at the common two-digit industry mean values). 
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When an exporter and a non-exporter have similar efficiency levels in terms of productivity, size, 
and age (i.e., controlling for plant characteristics by evaluating marginal impacts at the common 
industry mean values of relative productivity, relative employment, and age), changes in tariffs 
and real exchange rates have a greater impact on the exit probability of the exporter: the 
marginal effects are -10.0 percent and 1.1 percent respectively for exporters, compared with -
3.7 percent and 0.1 percent for non-exporters. The difference between them is statistically 
significant (Tables 6 and 7).  
 
Since exporters are more efficient than non-exporters, we expect that, after allowing for varying 
group characteristics by evaluating marginal impacts at the group-specific industry mean values 
of relative productivity, relative employment, and age in order to take into account efficiency 
levels, the effect on the exit of exporters will be reduced and the effect on the exit of non-
exporters will be increased. As expected, we find that the marginal impacts are reduced to -7.0 
percent and 0.8 percent, respectively, for exporters, but increased to -3.9 percent and 0.2 
percent, respectively, for non-exporters. The effect on exporters, however, remains significantly 
greater than the effect on non-exporters (Tables 6 and 7). This suggests that, besides the 
differences in efficiency levels as measured by the variables included here, exporters and non-
exporters differ in other important ways that make the survival of exporters more sensitive to 
changes in tariffs and real exchange rates than the survival of non-exporters. It follows that one 
should not infer from the heterogeneous firms’ models that a fall in trade costs increases the 
likelihood of plant exit for non-exporters more than for exporters simply because non-exporters 
are at the lower end of productivity distribution. The productivity or efficiency level of a plant as 
measured by productivity is not the only factor determining the survival of plants. There are 
other important differences between exporters and non-exporters that are not captured by the 
efficiency characteristics used in the analysis. One possible explanation is that international-
oriented plants such as exporters face more intense competition than do domestic-oriented 
plants such as non-exporters. Exporters, by their very nature, are in a world where changes in 
tariffs and the exchange rate immediately affect their profit margin and therefore the likelihood of 
their survival. They may also have different cut-offs that lead to more rapid adjustment.  
 
Other evidence suggests that exporters and non-exporters respond differently to changes in 
trade costs. Baldwin and Gu (2009) examined the impact of tariff reductions on the length of 
production runs and found that exporters were more likely to increase their production runs and 
exploit scope economies than were non-exporters over the 1990s. These two results suggest 
that changes in tariffs and in real exchange rates generate more turnover and adjustment 
among exporters than among non-exporters, and it is possible that these factors have a greater 
effect on both the death rate and the birth rate—but additional research is required here.  
 
The above results indicate that exporters are more sensitive than non-exporters to changes in 
tariffs and real exchange rates. We further show that the higher-productivity plants of exporters 
are less likely to die, as evidenced by the positive and significant marginal effect on the 
interaction term between tariff changes and productivity (Table 6), and by the negative and 
significant marginal effect on the interaction term between real-exchange-rate changes and 
productivity (Table 7). The marginal effects by quartile set out in Tables 6 and 7, which show 
that differences in the marginal effects are significant across the four quartiles ranked in terms 
of productivity among exporters, further confirm this. We do not find a significant interaction 
effect for non-exporters. 
 
In sum, we find that the predicted exit rate for non-exporters is much higher than the predicted 
exit rate for exporters, and that a fall in tariffs or an appreciation of the Canadian dollar 
increases the probability of plant failure for both exporters and non-exporters (but does so 
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significantly more for exporters). Among exporters, plants with low productivity are more likely to 
be affected. Our results suggest that exporters’ deaths, in particular those of exporters with 
lower productivity, are driven largely by external changes in tariffs and in the real exchange rate, 
while the death of non-exporters is driven largely by their internal characteristics relating to their 
lower efficiency, which stems from their lower productivity, smaller size, or younger age.  
 

3.5  Domestic-controlled vs. foreign-controlled plants 

To examine how changes in tariff rates and in real exchange rates differentially affect the 
survival of domestic- and foreign-controlled plants, we estimate equation (3) separately for the 
two groups. A plant is defined as domestic- or foreign-controlled by its status at the beginning of 
a period. Probit coefficient estimates for both domestic- and foreign-controlled plants are 
reported in Table 5. 
 
The predicted exit rate based on the estimated probit coefficients is plotted in Charts 13 and 14 
for the two groups over the entire range of actual changes in tariff reductions and in the real 
exchange rate. Two conclusions emerge.  
 
First, domestic-controlled plants have a higher probability of exit than foreign-controlled plants 
(Charts 13 and 14). The predicted exit rate is 35.7 percent for domestic-controlled plants, and 
26.4 percent for foreign-controlled plants. The marginal effect of being a foreign-controlled plant 
(i.e., the difference) is statistically significant (Table 9). Foreign-controlled plants are more 
efficient, whether they derive their cost advantage from being more productive or larger, thus 
achieving economies of scale, or from being older, thus having absorbed expertise through 
more learning-by-doing (Table 4). That foreign-controlled plants are more likely to survive 
suggests that these plants are better endowed with specific superior capabilities that improve 
plants’ competitiveness and survival. 
 
Second, the marginal effects of changes in tariff rates and in real exchange rates on changes in 
the probability of exit are larger for foreign- than for domestic- controlled plants, as is evidenced 
by the steeper slopes for foreign-controlled plants in Charts 13 and 14, and by the marginal 
effects calculated in Tables 6 and 7.  
 
When a domestic-controlled plant and a foreign-controlled plant have similar efficiency levels in 
terms of productivity, employment, and age, changes in tariffs and real exchange rates have a 
greater impact on the exit probability of the foreign-controlled plant: the marginal effects of tariffs 
and real exchanges rates are -10.0 percent and 0.7 percent, respectively, for foreign-controlled 
plants, compared with -4.6 percent and 0.2 percent, respectively, for domestic-controlled plants. 
The difference between them is statistically significant (Tables 6 and 7). One possible 
explanation is that a multinational has a greater capability, and thus a higher likelihood, to shift 
its production to another country whenever the domestic Canadian environment changes to its 
disadvantage. Another possible explanation is that multinationals are more sensitive to changes 
in profitability. 
 
Since foreign-controlled plants are more efficient than domestic-controlled plants, we expect 
that, after their efficiency levels are taken into account, the effect on the exit of foreign-controlled 
plants will be reduced and the effect on domestic-controlled plants will be increased. As 
expected, we find that the marginal impacts are reduced to -5.8 percent and 0.5 percent, 
respectively, for foreign-controlled plants, but remain virtually unchanged for domestic-controlled 
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plants. As a result, the differences in the marginal effects between domestic-and foreign- 
controlled plants become insignificant (Tables 6 and 7). This suggests that the survival 
prospects of foreign-controlled plants are more sensitive to changes in tariffs and real exchange 
rates. The differential impact, however, becomes insignificant once we take into account 
differences in the efficiency levels, as measured here.  
 

3.6  A counterfactual experiment 

These results indicate that the impact of tariff reductions and real-exchange-rate changes on the 
likelihood of plant survival is statistically significant. To evaluate whether these impacts have 
economic significance, we conduct a counterfactual experiment. The counterfactual experiment 
proceeds as follows. First, we assume there were no changes in tariffs and real-exchange-rates, 
and calculate the corresponding predicted exit rate. The predicted exit rates under this case are 
caused by factors other than changes in tariffs and real exchange rates. Second, we calculate 
predicted exit rates by allowing actual changes in tariffs but holding changes in real exchange 
rates at zero. The difference in the predicted exit rates between case two and case one is the 
amount of failure induced by tariff changes. Third, we calculate predicted exit rates by setting 
changes in tariffs at zero but allowing actual changes in real exchange rates. The difference in 
the predicted exit rates between case three and case one is the failure resulting from changes in 
real exchange rates. Lastly, we allow actual changes in both tariffs and real exchange rates. 
The difference in predicted exit rates between case four and case one is the failure rates 
brought about by simultaneous changes in both tariffs and real exchange rates. In all cases, 
predicted exit rates are calculated using estimated coefficients in Table 5 and evaluated at the 
mean values of independent variables.19  
 

 3.6.1  All plants 

The contribution of tariff cuts and real-exchange-rate changes to plant death are substantial. 
Results of the counterfactual experiment for all manufacturing plants are reported in Table 10. 
When there were no changes in tariffs and real exchange rates, the average predicted failure 
rate is around 25.3 percent over the three periods. The rate increased to an average of 34.3 
percent when we allow actual changes in both tariffs and real exchange rates. Between 1984 
and 1990, when the Canadian dollar appreciated against the U.S dollar, tariff cuts explain 
approximately 70 percent of the increase, while appreciation explains approximately 30 percent 
of the increase. During periods when the Canadian dollar depreciated (1979-1984 and 1990-
1996), the increase in the predicted exit rate is attributable mostly to tariff reductions, but is 
partially offset by the depreciation of the Canadian dollar. During the implementation of NAFTA, 
in the 1990s, Canada experienced a substantial depreciation in its currency, which offset about 
17% of the impact of falling tariffs during this period.  
 

 3.6.2  Exporters vs. non-exporters 

We repeat the experiment for exporters and non-exporters. We confirm our previous findings 
that changes in tariffs and real exchange rates have a much greater incidence on the survival of 
exporters than on that of non-exporters.  
 
Tariff cuts increase failure rates for both exporters and non-exporters, but more so for exporters. 
The difference is more prominent between 1990 and 1996, when there were deep tariff cuts 

                                                 
19. An alternative is to obtain the average predicted exit rates over all observations. The two methods yield very 

similar results.  
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under the FTA and NAFTA. During this period, tariff cuts induced an estimated failure rate of 
21.2 percent for exporters, compared with 13.2 percent for non-exporters (Table 11).  
 
The survival of exporters is at least twice as sensitive as that of non-exporters to fluctuations in 
real exchange rates. Between 1984 and 1990, when the Canadian dollar appreciated, plant exit 
induced by the appreciation is 4.6 percent for exporters, compared with only 1.6 percent for 
non-exporters. During periods when the Canadian dollar depreciated against the U.S dollar 
(1979-1984 and 1990-1996), the depreciation increases the likelihood of plant survival by 1.6 
percent and 3.5 percent for exporters for the two periods, respectively, compared with 0.04 
percent and 1.7 percent for non-exporters (Table 11).  
 

 3.6.3  Domestic- vs. foreign- controlled plants 

Finally, we repeat the experiment for domestic- and foreign- controlled plants. We confirm our 
previous findings that changes in tariffs and real exchange rates have a much greater incidence 
on the survival of foreign-controlled plants than on the survival of domestic-controlled plants.  
 
Tariff cuts induced higher failure rates for foreign-controlled plants than for domestic-controlled 
plants. The exception is the last period (1990-1996), when domestic-controlled plants 
underwent higher tariff cuts (3.5 percent) than did foreign-controlled plants (2.9 percent) during 
the period (Table 12). 
 
The survival of foreign-controlled plants is about 2.3 times more sensitive than that of domestic-
controlled plants to fluctuations in real exchange rates. Between 1984 and 1990, when the 
Canadian dollar appreciated, plant exit induced by the appreciation is 4.0 percent for foreign-
controlled plants, compared with 1.7 percent for domestic-controlled plants. During periods 
when the Canadian dollar depreciated against the U.S dollar (1979-1984 and 1990-1996), the 
depreciation increased the likelihood of plant survival by 0.2 percent and 3.8 percent for foreign-
controlled plants for the two periods, respectively, compared with 0.1 percent and 1.6 percent 
for domestic-controlled plants (Table 12) . 

4 Conclusion 

This paper examines the effect of tariff reductions and real-exchange-rate changes on plant 
death over a long period of tariff cuts and exchange-rate cycles. Included in the analysis is a set 
of factors that are hypothesized to affect plant closure: productivity; size; age; export and 
foreign-control status of plants; and changes in tariffs and real exchange rates. A probit model 
and a panel of Canadian manufacturing plants over the period of 1979-1996 are used to adduce 
empirical evidence on the simultaneous effect of tariff reductions and real-exchange-rate 
fluctuations on plant survival. Differences between exporters and non-exporters, and between 
domestic- and foreign- controlled plants, are also investigated.  
 
Real-exchange-rate fluctuations are found to be strongly associated with plant shutdown, and 
the effect is significant both statistically and in terms of its impact on the economy. A real 
appreciation of the Canadian dollar relative to the U.S. dollar significantly increases the 
probability of plant death; a real appreciation of one percentage point in the currency value 
increases the likelihood of plant exit by 0.3 percent. Our counterfactual experiment indicates 
that this translates into a failure rate of 2.8 percent between 1984 and 1990, when the Canadian 
dollar appreciated by 9.4 percentage points; this represents an 11.6-percent increase from the 
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24.0-percent failure rate that we estimate for a situation where there are no changes in tariffs 
and real exchange rates. In contrast, the real depreciation of the Canadian dollar from 1979 to 
1984 and from 1990 to 1996 significantly increases the probability of plant survival. During the 
implementation of NAFTA, in the 1990s, the Canadian economy experienced a substantial 
depreciation in its currency that offset about 17% of the impact of falling tariffs during this 
period.  
 
The effect of exchange-rate movements on plant exit is not uniform across plants. When the 
real value of a currency appreciates, less efficient plants experience a greater probability of 
exiting. Similarly, when the real value of a currency depreciates, plants that are less efficient are 
more likely to survive.  
 
Changes in tariffs are shown to be strongly associated with the likelihood of exit; the impact is 
statistically significant and substantial. The counterfactual experiment shows that, between 1990 
and 1996, when extensive tariff cuts were effected under the FTA and NAFTA, tariff reductions 
induced a 15-percent failure rate, a 67.5-percent increase in the failure rates compared with the 
case when there were no tariff cuts. The impact is not felt equally across plants. Falling tariffs 
increase the likelihood of plant death, in particular, for plants that are less efficient.  
 
Overall, for the periods examined, tariff reductions play a more important role in plant exits than 
do exchange-rate fluctuations. For the period 1984 to 1990, the magnitude of plant failure 
resulting from tariff reduction is around 2.6 times that of plant failure resulting from exchange-
rate appreciation. The depreciation of the Canadian dollar over the period 1990-1996 led to a 
decrease in the exit rate, but this decline only partially offset the increased exit probability 
resulting from tariff cuts that occurred at the same time. 
 
We find significant differences between exporters and non-exporters: the probability of exit is 
different; and they respond differently to changes in tariffs and real exchange rates. On the one 
hand, failure rates are much higher for non-exporters. They are less efficient, as a result of their 
being less productive, smaller, or younger. On the other hand, the survival probability of  
exporters is strongly affected by changes in tariffs and real exchange rates, much more so than 
that of non-exporters. The difference is statistically significant and substantial, whether or not we 
control for efficiency differences between exporters and non-exporters. The results indicate that 
the death of exporters, in particular exporters with lower productivity, is driven largely by 
changes in tariffs and exchange rates, while the death of non-exporters is driven mainly by the 
inherent characteristics that make them less efficient.  
 
We also find significant differences between domestic- and foreign-controlled plants. On the one 
hand, failure rates are much higher for domestic-controlled plants. Domestic-controlled plants 
are typically less efficient; this is the result of their being less productive, smaller, or younger. 
On the other hand, the survival probability of foreign-controlled plants is affected to a greater 
extent by changes in tariffs and real exchange rates. However, once we take into account their 
efficiency differences, this differential impact becomes insignificant.  
 
Our finding on the higher survival sensitivity of exporters and foreign-controlled plants to 
changes in tariffs and real exchange rates suggests that, besides the differences in efficiency 
levels, there are other important differences between exporters and non-exporters, and between 
domestic- and foreign- controlled plants, that are not captured by the efficiency characteristics 
used in the analysis. 
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 Chart 1 
 Nominal and real exchange rate for manufacturing (1961=1) 
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Chart 2  
Marginal effects of tariff changes on exit by relative labour productivity 
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See note at the bottom of chart 4. 

 
Chart 3 
Marginal effects of tariff changes on exit by relative employment 
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 See note at the bottom of chart 4. 
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Chart 4 
Marginal effects of tariff changes on exit by age 
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Note: As a result of the skewed distribution of plants in terms of productivity and employment (many small and less productive 
plants and a few larger and very productive plants), the plots include only plants whose relative productivity and relative 
employment is within two standard deviations from their industry mean. This covers 98% of plants for Charts 2, and 97% of 
plants for 3. Chart 4 includes all plants. All variables are measured as deviations from two-digit industry means. For example, 
relative productivity has a mean value of one; for a plant whose productivity is twice as much as the industry average, its 
relative productivity is two, and its deviation from the mean of relative productivity is one. Marginal effects are evaluated at 
industry mean values. 
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Chart 5 
Marginal effects of real exchange rates changes on plant exit by relative labour 
productivity 
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 See note at the bottom of chart 7. 
 
 
Chart 6 
Marginal effects of real exchange rate changes on exit by relative employment 
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 See note at the bottom of chart 7.
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Chart 7 
Marginal effects of real exchange rate changes on exit by age  
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Note: Due to the skewed distribution of plants in terms of productivity and employment (many small and less productive plants and 
a few larger and very productive plants), the plots only include plants whose relative productivity and relative employment is 
within two standard deviations from their industry mean. This covers 98% of plants for Charts 5, and 97% of plants for 6. 
Chart 7 includes all plants. All variables are measured as deviations from 2-digit industry means. For example, relative 
productivity has a mean value of one; for a plant whose productivity is twice as much as the industry average, its relative 
productivity is two and its deviation from the mean of relative productivity is one. Marginal effects are evaluated at industry 
mean values. 
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Chart 8 
Predicted probability of exit by relative labour productivity 
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 See note at the bottom of chart 10. 
 

 
Chart 9 
Predicted probability of exit by relative employment 
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 See note at the bottom of chart 10. 
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Chart 10 
Predicted probability of exit by age 
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Note: All variables are measured as deviation from two-digit industry means. For example, relative productivity has a mean value of 
one; for a plant whose productivity is twice as much as the industry average, its relative productivity is two, and its deviation 
from the mean of relative productivity is one. Marginal effects are evaluated at industry mean values. 
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Chart 11 
Predicted probability of exit by tariff changes and export status  

0.0

0.1

0.2

0.3

0.4

0.5

-2 -1 0 1 2 3

Non-exporters 95% confidence intervals for non-exporters

Exporters 95% confidence intervals for exporters

Tariff changes

predicted probability

See note at the end of chart 12. 

 
Chart 12 
Predicted probability of exit by real-exchange-rate changes and export status 
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Note: All variables are measured as deviations from 2-digit industry mean values. Predicted exit rate is evaluated at the common 2-
digit industry mean values of trade cost (Chart 11) or real exchange rate changes (Chart 12), and at group-specific 2-digit 
industry mean values of productivity, employment and age. The plots cover the entire range of actual changes in tariffs and 
real exchange rates.  
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Chart 13 
Predicted probability of exit by tariff changes and ownership control status 
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 See note at the end of chart 14. 
 

 
Chart 14 
Predicted probability of exit by real-exchange-rate changes and ownership 
control status 
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Note: All variables are measured as deviations from two-digit industry mean values. Predicted exit rate is evaluated at the common 
two-digit industry mean values of trade cost (Chart 13) or real-exchange-rate changes (Chart 14), and at group-specific two-
digit industry mean values of productivity, employment, and age. The plots cover the entire range of actual changes in tariffs 
and real exchange rates.  
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Table 1 
Summary statistics of exchange rates and tariff changes 

Average
annual

changes

Standard
deviations

Average
annual

changes

Standard
deviations

Average
annual

changes

Standard
deviations

Nominal US/Canada exchange rate -1.63 0.00 1.42 0.00 -2.06 0.00

Real US/Canada exchange rate -0.19 2.06 1.57 1.54 -1.85 1.48

U.S. tariff against Canada -0.20 0.34 -0.24 0.34 -0.39 0.43

Canadian tariff against US -0.25 0.45 -0.42 0.53 -0.84 0.66
Average tariff between Canada and US -0.22 0.30 -0.33 0.34 -0.62 0.51

percent

1979 to 1984 1984 to 1990 1990 to 1996

 
Note: Average annual changes are calculated as differences between the first and last years of the variable, divided by the 

number of years. Tariffs for 1980 are used for 1979. 

 
 
Table 2 
Sample statistics, all plants 

1979 to 1984 1984 to 1990 1990 to 1996
Panel A,  at the beginning of the period
Number of all plants 34,000 38,000 42,000

Plants with below-average labour productivity 65.4 63.6 66.9
Plants with below-average employment 74.7 74.6 73.4
Plants with below-average age 35.6 47.0 52.7
Exporters 13.0 13.1 21.0
Foreign-controlled plants 16.2 13.8 12.3

Panel B,  during the period
Exiting plants 31.2 37.5 36.6
Output of exiting plants 8.7 10.0 15.5

percent

 
Note: Average productivity, average employment, and average age are averages for two-digit industries to which a plant belongs. 
Source: Authors’ calculation from the Canadian Annual Survey of Manufacturers. 
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 Table 3 
 Summary statistics of continuing and exiting plants  

Continuing
plants

Exiting
plants

1979 to 1984
Average relative labour productivity 104.2 90.8
Average relative employment 121.5 52.6
Age 4.6 3.7

Non-exporters 83.8 94.0
Exporters 16.2 6.0
Domestic-controlled 81.1 89.7
Foreign-controlled 18.9 10.3

1984 to 1990
Average relative labour productivity 105.4 91.1
Average relative employment 126.4 56.0
Age 7.5 5.8

Non-exporters 82.8 93.8
Exporters 17.2 6.2
Domestic-controlled 84.2 89.4
Foreign-controlled 15.8 10.6

1990 to 1996
Average relative labour productivity 105.0 91.4
Average relative employment 118.0 68.8
Age 9.4 7.2

Non-exporters 76.1 84.0
Exporters 23.9 16.0
Domestic-controlled 87.4 88.2
Foreign-controlled 12.6 11.8

percent

percent

number

number

number

percent

 
Note: Relative labour productivity and relative employment are measured as labour productivity and 

employment of a plant relative to its two-digit industry average. 
Source: Authors’ calculation from the Canadian Annual Survey of Manufacturers. 

 
Table 4 
Profiles of non-exporters vs. exporters, domestic vs. foreign-controlled plants 

Proportion
of plants

Average
relative
labour

productivity

Average
relative

employment

Average
age

percent
All plants 100 100.0 100.0 6.7
By export status

Non-exporters 84 93.2 75.0 6.2
Exporters 16 135.6 231.4 9.4

By ownership control status
Domestic-controlled plants 86 97.2 86.5 6.4
Foreign-controlled plants 14 117.2 182.8 8.5

number

 
Note: Relative labour productivity and relative employment are measured as labour productivity and employment of a plant relative 

to its two-digit industry average. These are averages over three periods. 
Source: Authors’ calculation from the Canadian Annual Survey of Manufacturers. 
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Table 5 
Probit coefficients 

Variables 

coefficient standard
error

coefficient standard
error

coefficient standard
error

coefficient standard
error

Changes in tariffs -0.128 * 0.014 -0.099 * 0.020 -0.313 * 0.040 -0.099 * 0.020

Change in real exchange rates 0.008 * 0.003 0.004 0.004 0.033 * 0.008 0.004 0.004
Relative productivity -0.052 * 0.007 -0.052 * 0.008 -0.018 ** 0.011 -0.052 * 0.008
Relative employment -0.134 * 0.008 -0.155 * 0.013 -0.071 * 0.007 -0.155 * 0.013
Age -0.033 * 0.001 -0.032 * 0.001 -0.017 * 0.002 -0.032 * 0.001
Change in tariffs × relative 
productivity 0.038 * 0.018 0.025 0.021 0.091 * 0.031 0.025 0.021
Change in  tariffs × relative
employment 0.010 0.028 0.013 0.046 0.038 ** 0.023 0.013 0.046
Change in  tariffs × relative 
age -0.003 0.003 0.000 0.004 -0.007 0.007 0.000 0.004
Change in real exchange rates
× relative productivity -0.008 * 0.004 -0.003 0.004 -0.017 * 0.005 -0.003 0.004
Change in real exchange rates 
× relative employment 0.005 0.004 0.001 0.007 0.001 0.004 0.001 0.007
Change in  real exchange rates ×  
relative age -0.001 0.001 -0.001 0.001 0.000 0.002 -0.001 0.001

Constant -0.404 * 0.004 -0.383 * 0.006 -0.669 * 0.013 -0.383 * 0.006

Change in  tariffs × dummy -0.214 * 0.045
Change in real exchange
rates × dummy 0.029 * 0.009

Relative productivity × dummy 0.033 * 0.013

Relative employment × dummy 0.085 * 0.015

Age × dummy 0.015 * 0.003
Change in  tariffs × relative
productivity × dummy 0.066 ** 0.038
Change in  tariffs × relative
employment × dummy 0.026 0.052
Change in tariffs × relative
age × dummy -0.007 0.008
Change in real exchange rates
× relative productivity × dummy -0.014 * 0.007
Change in real exchange rates
× relative employment × dummy 0.000 0.008
Change in real exchange rates
× relative age × dummy 0.001 0.002

Constant × dummy -0.286 * 0.014Table 5  Probit coefficients

Diagnostic statistics

Number of observations

Log pseudolikelihood
Pseudo R-squared

Dummy for exporters

0.0376

95,906

-9,295

0.02780.0307

All plants Non-exporters Exporters

114,138 114,138

-70,950

0.0424

-61,655

18,232

-71,306

Dummy for exportersAll plants Non-exporters Exporters

See notes at the end of the table. 
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Table 5 
Probit coefficients (concluded) 

Variables 
coefficient standard

error
coefficient standard

error
coefficient standard

error

Changes in tariffs -0.126 * 0.016 -0.285 * 0.044 -0.126 * 0.016
Change in real exchange rates 0.005 0.004 0.019 * 0.007 0.005 0.004
Relative productivity -0.054 * 0.009 -0.057 * 0.011 -0.054 * 0.009
Relative employment -0.147 * 0.010 -0.100 * 0.007 -0.147 * 0.010
Age -0.034 * 0.001 -0.013 * 0.003 -0.034 * 0.001
Change in tariffs × relative 
productivity 0.040 * 0.020 0.008 0.041 0.040 * 0.020
Change in  tariffs × relative 
employment -0.018 0.035 0.099 * 0.026 -0.018 0.035
Change in  tariffs × relative age -0.004 0.003 0.014 0.009 -0.004 0.003
Change in real exchange rates × 
relative productivity -0.004 0.006 -0.013 * 0.004 -0.004 0.006
Change in real exchange rates × 
relative employment 0.006 0.006 0.001 0.004 0.006 0.006
Change in  real exchange rates × 
relative age -0.001 0.001 -0.001 0.002 -0.001 0.001

Constant -0.398 * 0.005 -0.516 * 0.011 -0.398 * 0.005

Change in  tariffs × dummy -0.159 * 0.047
Change in real exchange rates × 
dummy 0.014 ** 0.007

Relative productivity × dummy -0.004 0.014

Relative employment × dummy 0.047 * 0.013

Age × dummy 0.020 * 0.003
Change in  tariffs × relative 
productivity × dummy -0.032 0.046
Change in  tariffs × relative 
employment × dummy 0.117 * 0.044
Change in tariffs × relative age × 
dummy 0.018 ** 0.010
Change in real exchange rates × 
relative productivity × dummy -0.009 0.007
Change in real exchange rates × 
relative employment × dummy -0.005 0.007
Change in real exchange rates × 
relative age × dummy 0.000 0.002

Constant × dummy -0.118 * 0.012Table 5Probit coefficients 

Diagnostic statistics

Number of observations

Log pseudolikelihood
Pseudo R-squared

Dummy for foreign-controlled 
plants

Domestic-controlled
plants

Foreign-controlled
plants

0.0361 0.0354 0.0392

98,172 15,966 114,138

-62,104

Domestic-controlled
plants

Foreign-controlled
plants

Dummy for foreign-
controlled plants

-9,086 -71,190

 
* p<0.05 
** p<0.1 
Notes: Standard errors correct for correlation across repeated observations on individual plants. All regressions are run with 

demeaned data (period- and two-digit industry- specific mean is subtracted from each variable). Data cells are left blank 
when variables are not included in the model. 
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Table 6 
Marginal effects of changes in tariffs on plant exit 

estimate standard
error

estimate standard
error

estimate standard
error

estimate standard
error

estimate standard
error

Marginal effects of tariff changes
After controlling for plant characteristics between groups -0.047 * 0.005 -0.037 * 0.008 -0.100 * 0.013 -0.046 * 0.006 -0.100 * 0.015

Difference of being an exporter or a foreign-controlled plant -0.063 * 0.015 -0.053 * 0.016
Allowing plant characteristics to vary between groups -0.047 * 0.005 -0.039 * 0.006 -0.071 * 0.011 -0.046 * 0.005 -0.058 * 0.014

Difference of being an exporter or a foreign-controlled plant -0.032 * 0.013 -0.012 0.015
By relative labour productivity quartile

Quartile 1 (low) -0.073 * 0.013 -0.058 * 0.015 -0.108 * 0.034 -0.068 * 0.013 0.001 0.050

Quartile 21 -0.058 * 0.007 -0.048 * 0.009 -0.082 * 0.03 -0.055 * 0.007 0.008 0.029
Quartile 31 -0.048 * 0.005 -0.041 * 0.008 -0.058 * 0.028 -0.045 * 0.005 0.011 0.024
Quartile 4 (high)1 -0.009 0.018 -0.015 0.022 0.035 0.039 -0.008 0.018 0.026 0.052

By relative employment quartile

Quartile 1 (low) -0.058 * 0.024 -0.052 0.037 -0.120 * 0.034 -0.032 0.029 -0.169 * 0.036
Quartile 22 -0.056 * 0.019 -0.049 ** 0.028 -0.112 * 0.031 -0.035 0.023 -0.151 * 0.032
Quartile 32 -0.051 * 0.009 -0.044 * 0.011 -0.094 * 0.023 -0.042 * 0.010 -0.107 * 0.024

Quartile 4 (high)2 -0.020 0.058 -0.014 0.080 0.036 0.057 -0.072 0.066 0.215 * 0.067
By age quartile

Quartile 1 (low) -0.033 ** 0.019 -0.043 * 0.017 0.025 0.061 -0.026 0.018 -0.093 0.063
Quartile 2 -0.039 * 0.011 -0.043 * 0.009 0.009 0.045 -0.035 * 0.010 -0.047 0.038
Quartile 3 -0.053 * 0.009 -0.041 * 0.015 -0.026 0.029 -0.054 * 0.011 0.029 0.028

Quartile 4 (high) -0.056 * 0.013 -0.041 * 0.020 -0.039 0.037 -0.058 * 0.016 0.047 0.036

Marginal interaction effects

Changes in tariffs × relative productivity 0.015 * 0.007 0.010 0.008 0.027 * 0.009 0.016 * 0.007 0.004 0.014

Changes in tariffs × relative employment 0.006 0.010 0.007 0.018 0.014 * 0.006 -0.004 0.013 0.035 * 0.008
Changes in tariffs × age -0.001 0.001 0.001 0.001 -0.001 0.002 -0.001 0.001 0.005 0.003

All plants Foreign-controlled 
plants

Domestic-controlled 
plants

ExportersNon-exporters

 

* p<0.05 
** p<0.1 
1. For all plants, exporters and domestic-controlled plants in quartiles 2, 3 and 4, the differences between the adjacent quartile groups are statistically significant at 5%. 
2. For exporters in quartiles 2, 3 and 4, the differences between the adjacent quartile groups are statistically significant at 10%.  For foreign-controlled plants in quartiles 2, 3 and 4, the differences 

between the adjacent quartile groups are statistically significant at 5%. 
Note: We calculate marginal effects on the basis of equations (4)-(6), using probit coefficients in Table 5 and 'nlcom' command in STATA. Marginal effects by quartiles are evaluated at the common 

two-digit industry mean values of all variables, except the variable of interest, whose quartile-specific industry mean values are used. We evaluate marginal effects by groups at common two-
digit industry mean values of relative productivity, relative employment, and age (thus controlling for plant characteristics between groups), and at the group-specific two-digit industry mean 
values of relative productivity, employment, and age (thus allowing plant characteristics to vary between groups). In both cases, common two-digit industry mean values of tariff and real-
exchange-rate changes are used.  
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Table 7 
Marginal effects of changes in real exchange rates on plant exit 

estimate standard
error

estimate standard
error

estimate standard
error

estimate standard
error

estimate standard
error

Marginal effects of real-exchange-rate changes

After controlling for plant characteristics between groups 0.003 * 0.001 0.001 0.002 0.011 * 0.003 0.002 0.001 0.007 * 0.002
Difference of being an exporter or a foreign-controlled plant 0.009 * 0.003 0.005 ** 0.003

Allowing plant characteristics to vary between groups 0.003 * 0.001 0.002 0.001 0.008 * 0.002 0.002 0.001 0.005 * 0.002
Difference of being an exporter or a foreign-controlled plant 0.007 * 0.002 0.004 0.002

By relative labour productivity quartile

Quartile 1 (low) 0.008 * 0.003 0.003 0.003 0.020 * 0.006 0.004 0.004 0.018 * 0.006

Quartile 21 0.005 * 0.002 0.002 0.002 0.016 * 0.005 0.002 0.002 0.010 * 0.004

Quartile 31 0.003 * 0.001 0.002 0.001 0.011 * 0.005 0.001 0.001 0.006 0.004

Quartile 4 (high)1 -0.005 0.004 -0.001 0.005 -0.006 0.006 -0.002 0.005 -0.011 ** 0.006

By relative employment quartile

Quartile 1 (low) -0.002 0.004 0.001 0.006 0.004 0.006 -0.003 0.005 0.002 0.005

Quartile 2 -0.001 0.003 0.001 0.004 0.004 0.006 -0.002 0.004 0.003 0.004

Quartile 3 0.001 0.001 0.002 0.002 0.004 0.005 0.000 0.002 0.003 0.003

Quartile 4 (high) 0.013 0.009 0.004 0.013 0.006 0.009 0.012 0.012 0.005 0.010

By age quartile

Quartile 1 (low) 0.007 ** 0.004 0.007 ** 0.004 0.005 0.012 0.006 0.004 0.009 0.012

Quartile 2 0.005 * 0.002 0.004 ** 0.002 0.005 0.008 0.004 ** 0.002 0.007 0.007

Quartile 3 0.001 0.002 -0.001 0.003 0.005 0.005 -0.001 0.002 0.003 0.005

Quartile 4 (high) 0.000 0.003 -0.002 0.004 0.005 0.008 -0.003 0.004 0.002 0.007

Marginal interaction effects

Changes in real exchange rates × relative productivity -0.003 * 0.001 -0.001 0.002 -0.005 * 0.002 -0.002 0.002 -0.004 * 0.001

Changes in real exchange rates × relative employment 0.002 0.002 0.0003 0.003 -0.00004 0.001 0.002 0.002 0.0002 0.001
Changes in real exchange rates × age -0.0003 0.0003 -0.0004 0.0003 -0.00005 0.0005 -0.0004 0.0003 -0.0002 0.0006

Foreign-controlled 
plants

All plants Non-exporters Exporters Domestic-controlled 
plants

 

* p<0.05 
** p<0.1 
1. For all plants, exporters and foreign-controlled plants in quartiles 2, 3 and 4, the differences between the adjacent quartile groups are statistically significant at 5%. 
Note: We calculate marginal effects on the basis of equations (4)-(6), using probit coefficients in Table 5 and 'nlcom' command in STATA. Marginal effects by quartiles are evaluated at the common 

two-digit industry mean values of all variables, except the variable of interest, whose mean values of the quartile-specific industry mean values are used. We evaluate marginal effects by 
groups at common two-digit industry mean values of relative productivity, relative employment, and age (thus controlling for plant characteristics between groups), and at the group-specific 
two-digit industry mean values of relative productivity, employment, and age (thus allowing plant characteristics to vary between groups). In both cases, common two-digit industry mean 
values of tariff and real-exchange-rate changes are used.  
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Table 8 
Marginal effects of plant characteristics on exit: all plants 

estimate standard error
Relative productivity -0.019 * 0.0030
Relative employment -0.049 * 0.0030
Age -0.012 * 0.0004  

* p<0.05 
Note: We calculate marginal effects on the basis of equations (4)-(6), using probit coefficients in 

Table 5 and 'nlcom' command in STATA. We evaluate marginal effects at the two-digit 
industry mean values of all variables.  

 
 

Table 9 
Predicted probability of exit 

estimate standard
error

All plants 0.343 * 0.002
By export status

Non-exporters 0.372 * 0.002
Exporters 0.210 * 0.003
Difference (marginal effect of being an exporter) -0.162 * 0.004

By ownership status

Domestic-controlled plants 0.357 * 0.002

Foreign-controlled plants 0.264 * 0.004
Difference (marginal effect of being a foreign-controlled plant) -0.093 * 0.004  

* p<0.05 
Note: Predicted probability is based on probit coefficients in Table 5, and evaluated at the common two-

digit industry mean values of trade cost and real exchange rate changes, and at the group-specific 
two-digit industry mean values of relative productivity, relative employment, and age (this allows for 
plant characteristics to vary across groups). 
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Table 10 
Predicted probability of exit: all plants 

estimate standard
error

estimate standard
error

estimate standard
error

Predicted exit rate for scenario

1: changes in tariffs = 0, changes in real 
exchange rates=0 29.6 * 0.006 24.0 * 0.013 22.4 * 0.017

2: changes in tariffs =actual changes, 
changes in real exchange rates=0 34.6 * 0.002 31.2 * 0.011 37.5 * 0.013

3: changes in tariffs = 0, changes in real 
exchange rates=actual changes 29.4 * 0.005 26.8 * 0.008 19.8 * 0.014

4: changes in tariffs = actual changes, 
changes in real exchange rates=actual 34.4 * 0.002 34.3 * 0.002 34.2 * 0.002

Difference between scenarios

2 and 1 (predicted exit rate resulting from 
tariff changes) 5.0 * 0.005 7.2 * 0.008 15.1 * 0.015
3 and 1 (predicted exit rate resulting from 
real-exchange-rate changes) -0.2 * 0.001 2.8 * 0.010 -2.5 * 0.010Table 10APredicted probability of exit: all plants

Actual average changes in
tariffs over the period 
Actual average changes in real
exchange rates over the period

percent

-3.7

-11.1

-1.1

-0.9

-2.0

9.4

1979 to 1984 1984 to 1990 1990 to 1996

1979 to 1984 1984 to 1990 1990 to 1996

 
* p<0.05 
Note: Predicted probability is evaluated at mean values of all variables. An alternative is to derive average predicted 

probabilities over all observations. The two methods yield very similar results.  
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Table 11 
Predicted probability of exit: by export status 

estimate standard
error

estimate standard
error

estimate standard
error

Non-exporters

Predicted exit rate for scenario
1: changes in tariffs = 0, changes in real 
exchange rates=0 32.7 * 0.006 29.0 * 0.015 26.6 * 0.02
2: changes in tariffs =actual changes, 
changes in real exchange rates=0 37.0 * 0.002 35.2 * 0.013 39.9 * 0.014
3: changes in tariffs = 0, changes in real 
exchange rates=actual changes 32.7 * 0.006 30.6 * 0.009 24.9 * 0.016
changes in real exchange rates=actual 
changes 36.9 * 0.002 36.9 * 0.002 37.8 * 0.002

Difference between scenarios
2 and 1 (predicted exit rate resulting from 
tariff changes) 4.3 * 0.006 6.2 * 0.009 13.2 * 0.017
3 and 1 (predicted exit rate resulting from 
real-exchange-rate changes) -0.04 0.000 1.6 0.012 -1.7 0.012
4 and 1 (predicted exit rate resulting from 
changes in tariffs and real exchange rates) 4.2 * 0.006 7.9 * 0.016 11.2 * 0.020

Exporters

Predicted exit rate for scenarios
1: changes in tariffs = 0, changes in real 
exchange rates=0 15.9 * 0.011 6.7 * 0.014 8.2 * 0.022
2: changes in tariffs =actual changes, 
changes in real exchange rates=0 22.0 * 0.004 13.7 * 0.017 29.3 * 0.029
3: changes in tariffs = 0, changes in real 
exchange rates=actual changes 14.3 * 0.011 11.3 * 0.013 4.7 * 0.013
changes in real exchange rates=actual 
changes 20.0 * 0.005 21.1 * 0.004 20.5 * 0.005

Difference between scenarios 
2 and 1 (predicted exit rate resulting from 
tariff changes) 6.1 * 0.012 7.0 * 0.012 21.2 * 0.025
3 and 1 (predicted exit rate resulting from 
real-exchange-rate changes) -1.6 * 0.004 4.6 * 0.010 -3.5 * 0.013
4 and 1 (predicted exit rate resulting from 
changes in tariffs and real exchange rates) 4.0 * 0.012 14.4 * 0.014 12.4 * 0.018Table 10Bp y y p

Non-exporters
Actual average changes in tariffs over the 
period (in percentage)

Actual average changes in real exchange 
rates over the period (in percentage)

Exporters
Actual average changes in tariffs over the 
period (in percentage)

Actual average changes in real exchange 
rates over the period (in percentage)

-3.2

-9.8

1979 to 1984 1984 to 1990 1990 to 1996

-1.0

-2.5

-1.7

10.0

1979 to 1984 1984 to 1990 1990 to 1996

-1.1

percent 

-1.7

11.1

-3.5

-11.5-0.3

 
* p<0.05 
Note: Predicted probability is evaluated at the group mean values of all variables. An alternative is to derive average predicted 

probabilities over all observations by group. The two methods yield very similar results. 
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Table 12 
Predicted probability of exit: by ownership control status 

estimate standard
error

estimate standard
error

estimate standard
error

Domestic-controlled plants

Predicted exit rate for scenarios
1: changes in tariffs = 0, changes in real 
exchange rates=0 30.6 * 0.006 26.4 * 0.015 23.0 * 0.019
2: changes in tariffs =actual changes, 
changes in real exchange rates=0 35.6 * 0.002 33.5 * 0.013 38.0 * 0.014
3: changes in tariffs = 0, changes in real 
exchange rates=actual changes 30.5 * 0.006 28.1 * 0.008 21.4 * 0.015
changes in real exchange rates=actual 
changes 35.5 * 0.002 35.4 * 0.002 36.0 * 0.002

Difference between scenarios
2 and 1 (predicted exit rate resulting from 
tariff changes) 5.0 * 0.006 7.1 * 0.008 15.0 * 0.016
3 and 1 (predicted exit rate resulting from 
real-exchange-rate changes) -0.1 0.001 1.7 0.012 -1.6 0.011
4 and 1 (predicted exit rate resulting from 
changes in tariffs and real exchange rates) 4.9 * 0.006 9.0 * 0.015 13.0 * 0.019

Foreign-controlled plants

Predicted exit rate for scenarios
1: changes in tariffs = 0, changes in real 
exchange rates=0 21.6 * 0.013 13.8 * 0.023 16.4 * 0.040
2: changes in tariffs =actual changes, 
changes in real exchange rates=0 28.1 * 0.004 22.4 * 0.022 29.1 * 0.027
3: changes in tariffs = 0, changes in real 
exchange rates=actual changes 21.4 * 0.013 17.7 * 0.018 12.6 * 0.032
changes in real exchange rates=actual 
changes 27.9 * 0.004 27.7 * 0.006 23.6 * 0.006

Difference between scenarios

2 and 1 (predicted exit rate resulting from 
tariff changes) 6.6 * 0.014 8.7 * 0.018 12.7 * 0.035

3 and 1 (predicted exit rate resulting from 
real-exchange-rate changes) -0.2 * 0.001 4.0 * 0.013 -3.8 ** 0.021

4 and 1 (predicted exit rate resulting from 
changes in tariffs and real exchange rates)

6.3 * 0.014 13.9 * 0.024 7.2 * 0.037Table 10CPredicted probability of exit: by ownership control status

Domestic-controlled plants
Actual average changes in tariffs over the 
period (in percentage)

Actual average changes in real exchange 
rates over the period (in percentage)

Foreign-controlled plants
Actual average changes in tariffs over the 
period (in percentage)

Actual average changes in real exchange 
rates over the period (in percentage)

-2.9

-11.5

1979 to 1984 1984 to 1990 1990 to 1996

-1.0 -1.8

-0.4 9.7

-1.1

1979 to 1984 1984 to 1990 1990 to 1996

percent

-0.6

-1.7

11.2

-3.5

-11.1

 
* p<0.05 
Note: Predicted probability is evaluated at the group mean values of all variables. An alternative is to derive average predicted 

probabilities over all observations by group. The two methods yield very similar results. 
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