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In a small open economy, fluctuations in the real exchange rate can affect plant turnover, and thus aggregate
productivity, by altering the makeup of plants that populate the market. This paper develops a structural
model that captures the effect of plant-level productivity and real exchange rate fluctuations on plant entry
and exit decisions, and how this, in turn, affects average industry productivity. Using plant-level data for a single
industry, themodel's dynamic parameters are estimated in two-stages using the Nested-Pseudo Likelihood algo-
rithm and the Method of Simulated Moments. Simulations of the model are used to investigate the effects of
shocks to the exchange rate process on productivity. The results suggest that, given the mechanisms highlighted
in the model, transitory and permanent depreciations have similar long-term effects on average industry
productivity.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Aggregate productivity growth is believed to be one of the most
important determinants of a country's long-term wellbeing, and as a
result, there has been much work focused on uncovering the factors
that affect productivity. In a small open economy, fluctuations in the
real exchange rate can affect plant turnover, and thus aggregate produc-
tivity, by altering the makeup of plants that populate the market. The
real exchange rate is an important determinant of both the level of
competition within the domestic market, as well as foreign demand
for domestic goods. Therefore, movements in the real exchange rate
can affect plant profitability and thus decisions concerning market par-
ticipation. Plant-level productivity is another important factor inmarket
participation, as less efficient producers are more likely to exit the

market because they are less competitive, and new entrants will tend
to bemore productive than exiting plants as they endeavor to overcome
the costs associated with entry. It follows, then, that movements in the
real exchange rate affect aggregate productivity by altering the compo-
sition of plants in the market.

The aim of this paper is to study the effect of movements in the real
exchange rate on average productivity within a single industry, as
brought about by plant turnover. More specifically, I investigate the
market mechanism that works as follows. An appreciation of the real
exchange rate increases the level of competition in the domesticmarket
as export opportunities shrink and import competition intensifies.
These pressures force less competitive plants from the market, and
impel new entrants to be more productive and competitive in a
strong-currency environment. The result will be an increase in average
productivity. A depreciation, on the other hand, gives domestic pro-
ducers respite from foreign competition as import competitionweakens
and export opportunities increase. Less productive firms can take
advantage of this exchange rate shelter to stay in the market when
they might otherwise have been forced out. In doing so, they crowd
out new, more productive entrants, and continue to employ scarce
resources – labor and capital – that could be reallocated to new plants
inmore productiveways. This will lead to a slowdown in plant turnover
and a decline in mean productivity.

For both the appreciation and depreciation scenarios, there may be
further dynamics in entry and exit such that in the longer run, move-
ments in the exchange rate have little effect on average industry
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productivity (depending on entry and exit costs). For example, in the
case of a depreciation, where firms stay in the market where they
might otherwise have exited, entry in the short run can lead to an excess
number of firms in the market, which eventually forces out lower
productivity producers and raises mean productivity. I estimate and
simulate a structural model of entry and exit that captures these mech-
anisms and enables the study of the short- and long-run effects of
movements in the real exchange rate on average industry productivity.1

This paper focuses on the Canadian experience over the 1973–1997
period, and more specifically on Canada's association with the United
States. The Canada–U.S. relationship offers an ideal setting for studying
the effects of movements in the exchange rate on plant turnover and
aggregate productivity—the U.S. is by far Canada's most important
trading partner, accounting for over 80% of Canada's manufacturing
imports and exports over the period being studied, and since Canada
floated its nominal exchange rate in 1970, the Canadian dollar has
fluctuated significantly against the American dollar. From 1973 to
1985, theCanadiandollar depreciated almost 30% against theU.S. dollar,
before appreciating 23% over the 1985–1991 period, and then falling a
further 19% from 1991 to 1997 (the real exchange rate followed a
similar path). Many researchers have identified a persistent aggregate
manufacturing productivity gap between Canada and the United
States that grew throughout the 1990s (see Bernstein et al., 2002, for
example), leading some to speculate that the depreciation of the
Canadian dollar during that decade contributed to Canada's lagging
productivity (see Harris, 2001, for a summary of these positions). For
this reason, developing a better understanding of the relationship
between movements in the real exchange rate and aggregate produc-
tivity remains an important policy issue, and this paper contributes to
this effort.

Usingmicro data on the Canadian agricultural implements industry, I
extend the use of dynamic Markov structural models of entry and exit –
generally used to study competition among a small number of plants – to
a larger context in which many plants are operating in a differentiated
goodsmarket in a small open economy setting. The Canadian agricultural
implements industry is characterized by a large number of competitors –
averaging almost 200 plants per year –making a true model of strategic
interaction computationally infeasible, as the state space grows expo-
nentially in the number of competitors. Therefore, I assume that plants
view the evolution of the number of plants as an exogenous process, but
that their beliefs about the evolution of market competition are consis-
tent with market outcomes. The model incorporates several important
features of plant-level competition: (i) the effect of movements in the
real exchange rate on plants' decisions concerning market participa-
tion; (ii) the effect of unobserved potential entrants on overall plant
turnover; and (iii) the role that plant-level productivity plays in both
(i) and (ii). I also assume that movements in the real exchange rate
are exogenous to the agricultural implements industry.

To obtain estimates of the model's parameters, I propose a unique
two-stage estimation technique. In the first stage, I use the Nested
Pseudo Likelihood (NPL) algorithm developed in Aguirregabiria and
Mira (2002) to obtain estimates of the model's dynamic parameters
that characterize variable profits, along with the per-period fixed cost
of operation. In the second stage, I use the Method of Simulated
Moments (MSM) to recover estimates of the cost of entry and the
parameters characterizing the distribution of unobserved potential
entrant productivity. This framework allows for heterogeneous poten-
tial entrants who have an idea of their post-entry productivity levels
before making the decision to enter the market or not (they receive a

pre-entry productivity draw and have knowledge of the likely evolution
of their own productivity). Previous papers have relied on homoge-
neous potential entrants to simplify the entry process; however, this
precludes the self-selection mechanism that is necessary for under-
standing the effect of entry on industry productivity. This methodology
contributes to the literature by providing a framework for the future
analysis of larger industry dynamics using micro structural models.

Structural parameter estimates confirm that plant survival is
positively (negatively) associated with depreciations (appreciations)
of the real exchange rate, and that more productive plants are more
likely to continue in the market than less productive producers. These
results are consistent with the findings in Baggs et al. (2009), who use
a reduced-form model to study the effects of movements in the
exchange rate on plant survival. They are also consistent with the
findings in Tomlin and Fung (2010), who use a reduced-form model
to study the effects of real exchange movements on the distribution of
productivity in the manufacturing sector as a whole. However, this
papermakes an important contribution to this literature. The estimation
of a structural model allows for the examination of the overall connec-
tion between the exchange rate, firm-level productivity, entry and exit
decisions, and mean industry productivity through simulations of the
model. The previous reduced-form work could not address all of these
issues in a single framework.

Simulations of the model are used to examine the effects of perma-
nent and transitory shocks to the real exchange rate process on average
industry productivity and plant turnover. These counterfactuals reveal
that while large shocks can lead to immediate changes in average
industry productivity, they have little effect on productivity in the
long run. The simulations highlight the fact that regardless of whether
an exchange rate shock is permanent or transitory, in the case of a
depreciation, average industry productivity initially decreases relative
to the scenario with no depreciation due to the fact that low-
productivity firms that would have otherwise exited, remain in the
market. However, in the longer run, new entrants eventually force out
these low-productivity firms, and average industry productivity returns
to the level of productivity in the scenario without an exchange rate
shock (if entry and exit costs are sufficiently low).

It is important to note that the model presented in this paper
abstracts from some other mechanisms through which the exchange
rate could affect entry and exit, and hence the productivity distribution.
For example, there are no general equilibrium effects on wages and
material costs. While including these factors is beyond the scope of
this paper, I do provide some intuition as to what role they might play
when discussing the results of the model simulations.

The rest of the paper is organized as follows. In Section 1.1, I review
the literature most closely related to this paper. Section 2 describes the
data used, and in Section 3, I outline how productivity estimates are
recovered from the data. The structural model is presented in Section 4,
while Section 5 discusses the estimation process and results. The
model simulations are detailed in Section 6 and conclusions are pre-
sented in Section 7.

1.1. Related literature

There are a number of papers that provide partial evidence of the
selection mechanism I aim to identify. As mentioned above, Baggs
et al. (2009) use a reduced-form framework to study the effect ofmove-
ments in the real exchange rate on plant survival and industry entry
rates in Canada. They find that over the 1986–1997period plant survival
and industry entry rates are negatively associated with appreciations of
the Canadian dollar, and that higher-productivity plants are more likely
to survive during appreciations than less productive plants. Another
study of the Canadian manufacturing sector by Baldwin and Gu
(2003) shows that plant turnover, and in particular the replacement
of less productive plants by more productive ones, was responsible
for 15 to 25% of labor productivity growth from 1973 to 1997. The

1 Within this framework, movements in the real exchange rate can be understood as
demand shocks. There is a large literature on productivity responses (at the aggregate
and firm level) to demand shocks that highlight different mechanisms, such as the Melitz
(2003)model, where a demand shock (trade liberalization) affects the entry cutoff by rais-
ing factor prices, or thefirm-level productivity-upgrading that can occur in response to de-
mands shock, highlighted in Verhoogen (2008) and Bustos (2011).
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