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Abstract

This paper suggests that for a wide class of international real-business-cycle models,
including models with imperfect competition, the traditional channels of international
transmission of business cycles through world-interest-rate and terms-of-trade variations
cannot explain the cyclical response of the Canadian economy to innovations in U.S. output.
Empirically testable quantitative models of the effects on Canadian economic activity of
shocks to the U.S. economy are developed and their empirical relevance is tested by
comparing impulse responses estimated from vector autoregressions to the quantitative
predictions of the theoretical models.  1998 Elsevier Science B.V.
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1. Introduction

Can trade alone explain the cross-country comovements of macroeconomic
aggregates at business-cycle frequencies? This paper suggests that for a wide class
of international real business-cycle models, including models with imperfect
competition, the answer is no. The paper examines whether international trade in
goods and financial markets can account for the observed effects of U.S. business
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cycles on the Canadian economy in a setting in which trade transmits cyclical
fluctuations through its effects on world interest rates and relative prices.

Cross-country business-cycle correlations have been widely documented, and
empirical studies consistently find that cyclical variations in output and other
macroeconomic aggregates are positively correlated across countries. Attempts to
explain these correlations in a dynamic equilibrium-business-cycle framework
have been made by a number of recent authors (for example, Backus et al., 1992;

1Stockman and Tesar, 1995). In most of this literature, however, the only
implications of the theoretical models that are examined are the implied correlation
and relative volatility properties of macroeconomic time series when the model
economy is subjected to technology or taste disturbances. Such analyses test a
complex joint hypothesis, involving specification of both the transmission mecha-
nism and the set of exogenous shocks generating short-term fluctuations in
different countries. This paper, in contrast, tries to isolate the importance of the
transmission mechanism and asks whether it alone can explain the effects of
foreign business cycles on the home economy. Transmission mechanism here
means the propagation of shocks in a foreign economy to domestic endogenous
variables through international trade in goods and financial markets and through
effects on world relative prices.

In the case of any given equilibrium model, one can ask how a shock affecting
output in a foreign country affects equilibrium in the home country. This
implication of the model can furthermore be tested assuming that one is able to
identify shocks of the particular type being considered. An empirical strategy of
this kind has the appealing feature that one does not have to specify the complete
set of shocks that generate short-term fluctuations—not even the complete set of
shocks affecting the home economy. By contrast, the set of predictions tested in
the literature just cited depends upon specification of the complete set of shocks
affecting both countries.

If both countries under consideration are large, then a shock that directly affects
output in the foreign economy may be hard to identify because it might be caused
by economic conditions in the home country. However, for a small-large country
pair, a shock in the large economy can be identified because one has little reason
to believe that such a shock represents responses to the small country’s economic
conditions. This identification problem suggests to consider small–large country
pairs in which the large country is an important trading partner of the small
country. The Canadian and U.S. economies accordingly form a suitable small–
large country pair. Furthermore, many authors have discussed the effects on
Canadian economic activity of changes in U.S. output, and U.S. business cycles
have often been assigned an important role in the generation of aggregate
fluctuations in Canada in the recent decades (see, for example, Burbidge and

1For a survey of this literature see Backus et al. (1994).
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Harrison, 1985; Ambler, 1989; Johnson and Schembri, 1990). The empirical
analysis therefore focuses on the transmission of U.S. fluctuations to the Canadian
economy.

Impulse responses estimated in this paper show that Canadian output, employ-
ment, investment, exports, imports, and terms of trade (measured as the ratio of
export to import prices) respond positively to a positive innovation in U.S. gross
national product (GNP). The paper analyzes the ability of three transmission
channels to explain these observed responses: (1) Financial markets: shocks to the
U.S. economy affect the Canadian economy through changes in the rate of return
on international financial assets available to Canadian agents; (2) Export markets:
shocks to the U.S. economy affect Canadian activity through changes in the terms
of trade in response to variations in export demand; (3) Imperfectly competitive
export markets: shocks to the U.S. economy affect the Canadian economy through
changes in export demand and in market power of imperfectly competitive export
producers.

The financial market transmission channel represents the simplest hypothesis, as
it is consistent with the assumptions of a single internationally traded good and
perfect competition (though it requires neither). I thus consider this channel first in
the context of a competitive one-sector model, an analytical framework that has

2been extensively used to explain various international business-cycle regularities.
In the one-sector model, changes in investment opportunities in the foreign
economy, which may include a revaluation of the agents’ international portfolios,
are the only potential explanation for the international transmission of business
cycles besides correlation of the underlying shocks. The computed model impulse
responses show that this channel fails to match the estimated responses of output,
investment, and employment simultaneously.

To analyze whether business cycles are transmitted through variations in export
demand, the one-sector framework is extended to include two goods, one produced
exclusively in Canada (Canada’s export good) and one supplied elastically to
Canada on a world market (Canada’s import good). The paper shows that
transmission through export-demand variations accounts better for the behavior of
output and hours than transmission through financial markets; however, the
quantitative predictions for output and hours are still weaker than the estimated
ones.

In the two-good competitive-equilibrium model, variations in export demand
affect equilibrium in the Canadian economy only through their effects on the terms
of trade. If one assumes that exporters have market power and that the market
structure is like that in the implicit collusion model of Rotemberg and Woodford
(1992), then variations in export demand affect the domestic economy through
terms-of-trade and also through markup changes. This transmission channel can

2See Backus et al. (1992); Baxter and Crucini (1993); Cantor and Mark (1988); Cardia (1991); Finn
(1990); Kollmann (1990), (1993); Mendoza (1991).
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quantitatively explain the observed responses of investment, output, and hours, but
it still fails to explain the behavior of exports and the terms of trade. Therefore the
basic conclusion of the paper is unaffected by the introduction of imperfect
competition and implicit collusion among exporters: In international real business-
cycle models, the traditional channels of transmission, namely price variations
(that is, interest rate and terms-of-trade variations), fail to explain the cyclical
response of the Canadian economy to innovations in U.S. output.

The remainder of the paper is organized in four sections. Section 2 develops the
baseline one-sector, small-open-economy model. Section 3 describes the procedure
for testing the empirical relevance of the various transmission channels by
applying it to the interest rate channel. Section 3 first presents the estimation of the
impulse responses of Canadian macroeconomic aggregates to an innovation in
U.S. output. Second, it describes the calibration of the model and the computation
of the predicted impulse responses to an innovation in U.S. output. Third, it
illustrates the way these two sets of impulse responses are used to test the success
of the financial market or interest rate transmission channel. In Section 4, the basic
model is extended and the hypothesis that transmission through export-demand
variations, transmission through variations in export demand when exporters have
market power, or transmission through both financial markets and export-demand
variations can explain the observed effects of a U.S. output innovation on the
Canadian economy is tested. Section 5 concludes the paper.

2. The basic model

A small-open economy produces and consumes one good. Its residents have
access to a frictionless domestic as well as international capital market. Prices in
the international asset market are exogenously determined. The economy consists
of a large number of identical infinite-lived households. The representative
household seeks to maximize

` t21 Xt` ]U( X ) ; E O V(X ) exp O 2 v (1)h j H F GJS Dt t50 o t ztt50 t 50

where the period utility function, V(.), is assumed to be increasing, negative, and
homogeneous of degree 12s, s .1 and the discount rate, v(.), is assumed to be
positive, increasing, and concave. X denotes a composite good which is homoge-t

neous of degree one and increasing in C , the consumption by the household of thet
hmarket good in period t, and in C , the consumption by the household in period tt

of a home-produced good, that is,

hX 5 X(C , C ) (2)t t t
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The home good is produced during leisure time with the increasing and concave
household production function

hC 5 z f(l ) (3)t t t

where l is leisure time of the household in period t. The process z representst t

exogenous labor-augmenting technical change, which is assumed to follow a
deterministic trend (z 5g z ,g .1). To make the discount rate stationary along az11 z t z

balanced growth path, I assume that z is also an argument of the discount ratet

v(X /z ).t t

This structure of preferences has two features that are not completely standard
in the real business-cycle literature. First, it implies an endogenous discount factor,

3exp[2v(.)], which is decreasing in current consumption and leisure. The endogen-
ous discount factor guarantees the existence of a steady state that is (at least
locally) unique as well as the existence of an equilibrium that involves stationary
fluctuations around the steady state. The properties of such an equilibrium can
easily be approximated using standard numerical methods. Second, leisure does
not enter the period utility directly but is used to produce another good at home.
Home production with technological progress is modeled here to allow for
less-restrictive period utility functions in the presence of growth than would have
to be assumed if the period utility were just a function of market-produced

4consumption and leisure. The representative household’s sequential budget
constraint can be written as

w¯C 1 w l 1 W # w H 1 R W (4)t t t t11 t t t

¯where w is the wage rate in terms of the consumption good in period t, H is thet

household’s endowment of hours, and W is the household’s period t wealth int
wunits of the consumption good. The stochastic process hR j represents the payofft

per unit of the portfolio in period t by the household. The household chooses
hsequences hC , C , l j so as to maximize (1) subject to the sequence of budgett t t

constraints (2)–(4) and to some borrowing limit that prevents the household from
engaging in Ponzi type schemes.

The condition for market clearing in the product market can be written as

Y 5 C 1 I 1 B 2 R B (5)t t t t11 t t

where Y represents gross domestic product in period t, I is investment in period t,t t

B is the amount of foreign assets held at the end of period t21, and R is thet t

3This type of preferences has been introduced by Uzawa (1968), extended by Epstein (1983),
(1987), and recently surveyed by Obstfeld (1990). It has been used by many authors; among them are
Obstfeld (1981); Mendoza (1991); Uribe (1997).

4See also the discussion in the survey of Greenwood et al. (1994) on household production in real
business-cycle theory.
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exogenous process for the gross return on holding an internationally traded asset
from period t21 to period t. The evolution of capital is given by

Kt11
]]K 5 (1 2 d )K 1 I 2 w K (6)S Dt11 t t tKt

where d is the constant rate of depreciation of the capital stock, satisfying
0,d #1. Adjustment costs (5w(K /K )K ) are introduced to smooth thet11 t t

reallocation of wealth between physical capital and the foreign asset in response to
temporary-rate-of-return differentials. The function is assumed to be positive
convex and is rigged in such a way that neither along a stationary growth path nor
along small fluctuations around it are adjustment costs different from zero.
Adjustment costs will influence only the investment decision along small
fluctuations around the stationary growth path.

The aggregate production technology is given by

Y 5 F(K , z H ) (7)t t t t

¯where H ;H2l denotes hours supplied to the market by the household in periodt t

t. F(.,.) is assumed to be Cobb–Douglas. Firms rent capital services and hire labor
so as to maximize period profits. The labor demand then is related to the real wage
by

F (K , z H )z 5 w (8)H t t t t t

and the marginal product of capital is related to the rental rate of capital, u , ast

F (K , z H ) 5 u (9)K t t t t

As noted previously, households have access to frictionless domestic securities
markets and the international bond market. From the optimal portfolio choice of
the representative household one can price physical capital and international
bonds. This implies the following two equations:

K Xt11 t
]] ]1 1 w9 l 5 exp 2 tF S DG F S DGtK zt t

K K Kt12 t12 t12
]] ]] ]]3 E l u 1 1 2 d 1 w9 2 w (10)H F S D S DGJt t11 t11 K K Kt11 t11 t11

and

Xt
]l 5 exp 2 v E [l R ] (11)F S DGt t t11 t11zt

where l denotes the marginal utility of wealth in period t.t

As z exhibits a positive trend output, the real wage, consumption, and thet

marginal utility of income will also have a trend. Under certain restrictions on the
functions describing preferences and technology, the system of equilibrium
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conditions can be transformed into a system of stationary variables, and a steady
state equilibrium can be shown to exist. The transformed stationary variables are

s˜ ˜ ˜ ˜ ˜ ˜ ˜Y 5(Y /z ), C 5(C /z ), X 5(X /z ), l 5l z , K 5(K /z ), B 5(B /z ), w 5t t t t t t t t t t t t t t t t t t t
˜(w /z ), and I 5(I /z ). The restrictions are as follows. The composite X ist t t t t t

hassumed to be homogeneous of degree one in C and C . As the discount rate, v(.),t t

is assumed to be a strictly increasing function of the composite good, which itself
is strictly increasing in both consumption goods, it will have a trend if
consumption does. Along such an equilibrium path the discount factor would
approach zero and a stationary equilibrium would not exist. To make the discount
rate stationary along a balanced growth path, v(.) is assumed to be a function of the

˜stationary variable X . Under the assumption that V(.) is homogeneous of somet

degree 12s, s .1, in steady state the present discounted value of expected future
s s˜ ˜utility is well defined only if exp[v(X )]g .g . From (11) we have exp[v(X )]g 5z z z

R, so the inequality is satisfied only if R.g .z

For the period utility function used here, it is not required that the elasticity of
substitution between consumption and leisure is one in order to reconcile the
empirical fact that wage and consumption do have a trend whereas hours supplied
to the market by the household do not, as is necessary when the period utility is a

5function only of consumption and leisure. The household’s objective function (1)
can also be written in terms of the transformed variables. An equilibrium for the
transformed economy then is a set of stochastic processes for the endogenous

˜ ˜ ˜ ˜ ˜ ˜ ˜˜variables hC , H , w , X , l , K , B , u , I , Y j satisfying the first order conditions oft t t t t t t t t t

the household’s maximization problem and the transformed versions of Eqs.
(5)–(11) given the exogenous process hR j. I approximate a solution to the set oft

equilibrium conditions by the solution to a log-linearization of the equilibrium
conditions around the non-stochastic steady state, as in King et al. (1988).

3. Testing transmission through interest rate variations

In the model just presented, one can ask how a shock that directly affects output
in the foreign country and is uncorrelated with any of the domestic shocks affects
equilibrium in the home country. This implication of the model can furthermore be

5 ¯King et al. (1988) show that, for period utility functions of the form V(c, H2H ), the only period
¯utility function compatible with growth in consumption but no growth in hours is hV(c, H2H )5

(12s ) ¯ ¯c g(H2H ) /(12s) for s $0, s ±1 and log(c)1g(H2H ) for s 51, which implies that labor
supply by the household in period t (unless s 50) always depends on the marginal utility of income.
Under the specification adopted here, it is possible that time allocated to the market is stationary while
both consumption and wage have a secular trend and that the (Frisch) elasticity of hours with respect to
the marginal utility of income is zero, even if s .0. In this case, wealth effects do not affect
equilibrium in the labor market. This allows me to use the preference specification of Mendoza’s
(1991) nongrowing economy in my growing economy.
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tested assuming that one can identify the particular type of shock being considered.
In that case, one can estimate impulse responses of the macroeconomic variables
of interest to this shock and evaluate the empirical validity of the model, or
equivalently the transmission mechanism it implies, by comparing the estimated
and predicted impulse responses. An appealing feature of this empirical strategy is
that one can test a model’s implied transmission mechanism without having to
specify the complete set of shocks generating short-term economic fluctuations.
For this strategy to be valid, it is enough that the shocks being modeled have
effects that are independent of the effects of the shocks not being modeled. Such
independence will in fact hold for a wide variety of shocks, insofar as a log-linear
approximation to the equilibrium conditions of the model is valid (as I assume in
all my numerical work). In this section, I use this empirical strategy to test whether
the interest rate transmission mechanism can explain the observed effects of U.S.
output innovations on the Canadian economy.

3.1. Effects of U.S. business cycles on the Canadian economy

The first step in testing the empirical success of the interest rate transmission
mechanism is to estimate the response of the Canadian economy to a U.S. output
shock. I measure U.S. output by its real GNP and seek effects of innovations in
this variable. I assume that I can plausibly treat innovations to U.S. GNP as
exogenous based on the view that the Canadian economy is too small to affect this
variable. Hence innovations in U.S. GNP can be regarded as exogenous shocks to
the Canadian economy. Further, I model the logarithm of real U.S. GNP as a
univariate trend-stationary stochastic process. I estimate it as

US US US USY 5 0.41 1 0.00038 t 1 1.32Y 2 0.38 Y 1h (12)t t21 t22 t

(0.12) (0.00013) (0.071) (0.070)

2DW51.95 R 50.99
Q(36)525.47 Signif. level
Quarterly Data, 50:1–94:4 168 usable observations

My assumption that U.S. output contains a deterministic trend implies that
innovations to output have only temporary—though persistent—effects. Alter-
natively, I could have assumed that output contains a stochastic trend, so that
innovations to output have permanent effects. In that case, I would have also
needed to change the specification of the model economy to incorporate the
assumption of a stochastic trend because in the model presented in Section 2 it is
explicitly assumed that trend growth is deterministic. Since the existence of a unit
root in U.S. output remains controversial (see Rudebusch, 1993) it is not clear that
the assumption of a stochastic trend is preferable to the assumption of a
deterministic trend.
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USI interpret the error term in the U.S. GNP equation, h , as representing ant

average of structural disturbances to U.S. output, which could be the result, for
example, of fiscal, monetary, or technological shocks or any combination thereof.
The interpretation does not matter for the predictions of the theoretical models that

USare considered here. I am interested in the effect that h has upon Canadiant

investment, output, total hours, exports, imports, and the terms of trade. Real
investment is defined as business inventory investment plus business investment
on fixed capital and output as real gross domestic product. The hours data is based
on total actual hours worked in all jobs. I approximate Canadian exports to the
United States and Canadian imports from the United States by total Canadian

6exports and total Canadian imports. On average 70 percent of Canada’s total trade
is with the United States. The terms of trade are defined as the ratio of export to

7import prices. All series are quarterly, begin in the first quarter of 1950, end in the
fourth quarter of 1991 and are taken from the National Income and Expenditure
Accounts with the exception of the total hours series, which starts in 1975 and is
taken from the Labour Force Survey. The data sources are described in more detail
in the appendix.

To estimate the responses of the Canadian variables to innovations in U.S.
output I estimate bivariate relationships between the logarithm of real U.S. GNP
and the logarithm of my Canadian variables. In these regressions, the logarithm of
each particular variable is explained by two lagged values of the variable, the
current and two lagged values of the logarithm of U.S. output, a linear trend, and a

8constant. I then calculate the response of a particular Canadian variable to a unit
impulse in U.S. output by combining the estimated coefficients of (12) with those
of the regression that explains the behavior of that variable.

US USThe identification of the innovation to U.S. output, h , does not imply that ht t

is necessarily orthogonal to all other shocks (omitted from the explicit model)
USaffecting the Canadian economy directly. Thus, effects of h on Canadiant

macroeconomic aggregates could either be the result of economic transmission
USthrough goods and financial market interaction or reflect the fact that h ist

correlated with other exogenous variables, omitted from the regression, that affect
the Canadian economy directly, or both. That is, even if both countries lived in
autarky, one might observe comovements in macroeconomic aggregates similar to
those estimated in my bivariate VAR. The strategy I pursue in this paper, however,

USis to assume that all the effects of h on the Canadian economy are due tot

economic transmission via financial and goods market trade and then to ask

6Data on bilateral trade between the United States and Canada is available for merchandise trade
since 1971. Merchandise trade covers about 80 percent of total trade. This series is perhaps closer to
total bilateral trade but has the disadvantage of starting only in 71:1, and therefore I do not use it.

7Time series for the export and import price indices for bilateral trade between the United States and
Canada exist, but I do not use those series because they begin only in 1986.

8The adequate lag-length was determined by applying a likelihood ratio test.
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whether the transmission mechanisms of several widely used equilibrium models
of the international business cycle can quantitatively explain those observed
effects.

3.2. The impulse responses predicted by the theoretical model

The second step in testing the empirical success of the interest rate transmission
mechanism is to compute the response of Canadian macroeconomic aggregates
predicted by the theoretical model to an innovation in U.S. output. According to
the interest rate transmission mechanism, innovations to U.S. output affect
equilibrium in the Canadian economy through their effects on the rate of interest
on international financial assets available to Canadian agents. An appealing feature
of the interest rate transmission mechanism is that it can operate in a one-sector
economy. In fact, changes in investment opportunities in the foreign economy and
wealth effects are the only potential transmission mechanisms in a one-sector
framework (besides correlation of the underlying shocks). This observation is true
independently of whether the model used is a small, open economy (as is the
model analyzed here) that faces an exogenous world interest rate or a two-country
model in which the supply schedule of financial assets is not perfectly elastic but
rather is upward sloping.

To compute the impulse responses implied by the model economy to an
innovation in U.S. output, the coefficients of the log-linearized equilibrium
conditions as well as the exogenous stochastic process for the international interest
rate hR j must be calibrated. U.S. output itself does not enter the equilibriumt

conditions of the economy described in Section 2, however, it is assumed to affect
equilibrium in that economy indirectly through the dependence of the exogenous
process hR j on U.S. output. Hence, to characterize the response of the modelt

economy to innovations in U.S. output, one must estimate the stochastic process of
the international interest rate taking into account its dependence on U.S. output. To
be consistent with the estimations of the impulse responses above, a bivariate
vector autoregression of U.S. GNP and the international interest rate is estimated
assuming that U.S. GNP is the exogenous variable. I use two alternative measures
of the international interest: the three-month Treasury bill rate and the quarterly
S&P500 return index, each deflated by the devaluation rate of the Canadian dollar

USand the Canadian gross domestic product deflator. Let y denote the logarithm oft
T Sdetrended U.S. real GNP and R and R denote the logarithm of the Treasury billt t

and S&P500 based gross interest rates, respectively. Using quarterly data from
1956:2 to 1991:4, the estimation of the bivariate VAR yielded the following

9process for the world interest rate:

9 USy denotes deviations from a deterministic trend. The coefficients on lagged values of U.S. outputt

in the interest rate equation were small and insignificant and were therefore omitted from the
regression.
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S S S US SR 5 0.02 1 0.07 R 2 0.11 R 2 0.45y 1ht t21 t22 t t

(0.007)(0.08) (0.08) (0.15)

2DW52.02 R 50.08
Q(35)535.35 141 usable observations Significance level of Q50.45

T T T US TR 5 0.002 1 0.37 R 1 0.08 R 2 0.05y 1ht t21 t22 t t

(0.001) (0.084) (0.084) (0.028)

2DW52.01 R 50.22
Q(35)549.19 141 usable observations Significance level of Q50.06

U.S. output enters both interest rate equations significantly. If the measure of the
world rate of interest is based on the equity return index, an innovation of 1
percent in U.S. GNP decreases the gross rate 0.45 percent, and if the measure of
the world interest rate is based on the three-month Treasury bill rate, it decreases

10only 0.05 percent.
A further input needed to compute the impulse responses implied by the

theoretical model is the coefficients of the log-linearized equilibrium conditions.
These coefficients are all functions of twelve free parameters, which can be
grouped into five parameters that are matched up with long-run averages of the
Canadian economy, six parameters that describe preferences, and one parameter
that describes the adjustment cost technology (see Table 1). In the first group are
the steady state world real rate of return, r(;R21), the depreciation rate on
capital, d, the steady state per capitalreal income growth rate, g(5g 21), thez

steady state labor share, s , and the steady state ratio of net foreign interestH

receipts to gross domestic product, s . The steady state world interest rate is set atR

4 percent per year and the depreciation rate at 10 percent. Postwar per capita real
income growth in Canada was 1.6 percent per year on average, and the share of

11labor in gross domestic product was 0.68 on average. The average share of net
interest payments received, s , was 20.02, so that Canada was a net borrower inR

the international financial markets. These parameter values imply that the capital
share is 0.32. In steady state, (10) and (11) using s ;F K /F and w(g )5w9(g )5K K z z

0 yield (r1d )5s K /F. The steady state share of investment in GDP, s 5( g1K I

d )K /F, can then be computed as ( g1d ) /(r1d )s , which is 0.23. The steady stateK

10 US T S USI analyze impulse responses to h (which affect R [or R ] through their effect on y ) and not tot t t t
T S

h (or h ) because these are innovations to the interest rate that are uncorrelated with innovations int t

U.S. output.
11The labor share is measured as the mean of the ratio of wages, salaries, and supplementary labor

income to net domestic income at factor prices.
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Table 1
Calibrated parameters

Parameter Definition Value Description

Common parameters:
]]]]]r 0.04 Steady-state real rate of return (per annum)
d 0.1 Depreciation rate of capital (per annum)
g 0.016 Steady-state per capita consumption

growth rate (per annum)

F HH
]s 0.68 Share of labor income in GDPH F
rB
]s 20.02 Share of net interest income received in GDPR F
X X hc C
]]e `, 4 Elasticity of substitution between home andhCC XX hCC market produced consumption goods

h
≠C H
] ]e 2 5/6 Elasticity of home goods with respect to hoursFH h≠H C supplied to the market

2 h 2
≠ C /≠H
]]]e H 1/6 Elasticity of the marginal product of homeFH 1 h

≠C /≠H production
s 1.5
e u9(X)X 0.001 Elasticity of the discount factor with respectb1

to consumption

u0(X)X
]]e 21b2 u9(x)

p w0(11g) * Second derivative of adjustment cost function
Additional parameters: two-sector model
]]]]]]]]]

d*x
]s 0.23 Steady-state share of exports in GDPEX F

1
]] `, 1.5 Elasticity of substitution between imported
1 1 r

and exported goods
Additional parameters: implicit collusion model
]]]]]]]]]]]
m 1.4 Steady-state (value added) markup

d
e 0.35 Elasticity of the markup w.r.t. (P /p Y)m

a 0.9 Probability that collusion will continue

* The value of p is different across models and calibrations. In each case it is chosen so that the
impulse response of investment predicted by the model is as close to the estimated impulse response of
investment as possible.

version of (5) yields s 512s 1(r2g) /rs , which given the other parameterC I R

values is equal to 0.75.
It is convenient to assume that market- and home-produced consumption goods

are perfect substitutes (e 5`) because in that case the parameter e (;f 0(l)H /hcc FH1

f 9(l)) can be interpreted as the negative inverse of the elasticity of hours with
respect to wage, e , which is a parameter regularly calibrated in real business-HW



´S. Schmitt–Grohe / Journal of International Economics 44 (1998) 257 –287 269

cycle models. Assuming further a particular functional form for the home
12production function, e and e (;f 9(H )H /f(H )) are both functions of twoFH FH1

parameters: e and the ratio of time worked in the market to time worked atHW

home. Benhabib et al. (1991) assign a value of 33 over 28 for the latter parameter
based on evidence from the Michigan Time Use Survey. The labor supply
elasticity is set to 6, which is on the upper end of the range of values used in other
other real business-cycle models (that use a finite value for this parameter) and
clearly higher than the value estimated using micro data on individual labor
supply. With a high labor supply elasticity, the model economy will predict
relatively large employment increases for a given shift in the labor demand
schedule.

The remaining preference-related parameters are the degree of homogeneity of
the period utility function, 12s, the elasticity of the discount factor with respect to

13the composite consumption good, e ;v9(x)x, and e ;v0(x) /v9(x)x. The valueb1 b2

given to s is 1.5. A consequence of assuming that the discount rate is increasing
in current consumption is that the elasticity of the discount factor has to be
positive, but beyond this I have no further restrictions on its value. A value of zero
would correspond to a constant discount factor model; I set it arbitrarily at 0.001.
Similarly, from the assumed concavity of v(.), e has to be negative; and in theb2

14absence of further restrictions I set it equal to minus one. The final parameter to
be calibrated is the second derivative of the adjustment cost function evaluated at
g , p. Again, I have little independent evidence on which to base a value for thisz

parameter. The value is assigned so as to maximize the fit of the computed
15investment impulse response.

3.3. Comparing predicted and estimated impulse responses

The final step in testing the empirical success of the interest rate transmission
mechanism is to compare the estimated and the predicted impulse responses of the
Canadian economy to an innovation in U.S. output. The exogenous stochastic
process for U.S. output and the international interest rate together with the
log-linearized equilibrium conditions of the model imply that the model solution

US S Thas an MA(`) representation in the orthogonal innovations h and h (or h ). Int t t

comparison, the atheoretical bivariate vector autoregression implies that the

h12 w˜ ¯C 5f(l )5(H2H ) /w, 0,w,1.t t t
13By assumption, v0,0, v9.0 and x.0 and, hence, e .0 and e ,0.b1 b2
14 ´A sensitivity analysis (see Schmitt–Grohe, 1995) reveals that the predictions of the model are

rather robust to variations in e and e .b1 b2
15This parameter value was set individually for each parameterization for which model predictions

are reported below. I chose the value of p so that the model predicts the investment response as well as
possible given other parameter values and the process of the international interest rate. For the S&P500
based interest rate measure p is 85 if e 5` and 80 otherwise; for the T-Bill interest rate measure p ishcc

16 if e 5` and 14 otherwise.hcc
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Canadian variables have an MA(`) representation in the orthogonal innovations
US

h and e , where e is the residual in the regression of the Canadian variable ont t t

its own lags and current and lagged values of U.S. GNP. Comparing the predicted
and the estimated impulse responses to an innovation in U.S. output thus tests

USwhether the MA coefficients associated with h are the same in the model as int

the data. I focus on the impulse responses in the first 10 quarters after the
innovation.

Predicted and estimated impulse responses of Canadian investment, output, and
hours to a unit innovation in U.S. output are presented in Fig. 1. The predicted
impulse response is shown for both measures of the international interest rate.
These plots also show a two standard error confidence interval around the

16estimated impulse response to give a sense of how well the model performs.
Panel (a) in the left column of Fig. 1 shows that the adjustment cost parameter can
for both interest rate measures be set in such a way that the predicted or computed
impulse response of Canadian investment follows the estimated impulse response
closely. In contrast, the computed responses for gross domestic product and hours
(panels (b) and (c) in the left column of Fig. 1), though right in direction, are far
below the respective lower bound of the estimated impulse response confidence
intervals. A one percent innovation in U.S. output results in an estimated increase
in Canadian output of about 1 percent after four quarters. Since in the period of
impact the labor demand schedule is fixed (because the capital stock is pre-
determined), any variation in output has to be due to shifts in the labor supply
schedule. However, under the maintained assumption that consumption of the
market- and the household-produced good are perfect substitutes, labor supply is
only a function of the real wage. Therefore, the model predicts a zero response of
output and employment in the period of impact. In the following periods the labor
demand schedule shifts out, where the size of the shift is determined by the
increase in capital. Given the same response for investment and, hence, for the
capital stock under both interest rate response estimates (due to the appropriate
choice of p), the model will predict the same increase in employment and output
for both interest rate responses. Even though output is above its steady state value
from period 2 on, the increases in the capital stock are not sufficiently large for
this model, or this transmission mechanism, to explain the size of the estimated
increase in output and employment.

For the model to predict a larger increase in output and employment would
require an increase in labor supply for any given wage. Such an increase in labor
supply could occur if the innovation in U.S. output increases the marginal utility of

16The standard error bands are asymptotic confidence intervals based on Gaussian approximations to
the distribution of the responses. I also computed error bands based on Bayesian posterior probability
intervals to check for potential asymmetries in the distribution of the impulse responses. The
probability intervals were—for the purposes of my analysis—very similar to the asymptotic confidence
bands.
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Fig. 1. Estimated and predicted impulse responses, transmission channel: Financial markets: (——)
estimated impulse response, (- - -) estimated impulse response 62 std. errors, (o-o-o) predicted impulse
response, interest rate measure: S&P 500, and (1-1-1) predicted impulse response, interest rate
measure: T-Bill.
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income and labor supply depends positively on the marginal utility of income.
Assuming that consumption of home-produced and market-produced goods are
imperfect substitutes will imply the latter. The computed responses are repeated
(in the right column of Fig. 1, labeled Preferences 2) assuming that the elasticity
of substitution between home-produced and market-produced consumption goods

17is equal to 4. With the appropriate choice of the adjustment cost parameter, the
predicted investment response again matches the estimated one well but the model
predicts a decline in output and employment for both proxies of the rate of return
on the international asset. The reason for the decline in employment is that interest
rates fall in response to the positive innovation in U.S. output (from the VAR
estimation), so that agents substitute current consumption for future consumption
and the marginal utility of income declines. The size of the increase in current
consumption depends on the size of the predicted decline in the rate of return on
the international asset, and therefore the marginal utility of income falls more for
the S&P500 based world interest rate measure than for the Treasury bill based
world interest rate measure. This explains why output and employment fall by
more when the rate of return on the international asset is approximated with the
S&P500 index. Finally, for both preference specifications, the response of
investment, output, and hours is rather persistent. High first-order serial correlation
in this model is not a consequence of the highly persistent process for the
exogenous variable, U.S. GNP, but rather of the relatively inelastic rate of time

18preference.
The rejection of the one-sector model with financial markets as the sole

transmission channel is independent of the uncertainty involved in estimating the
interest rate response to the U.S. output innovation. Suppose that the two
estimations for the response of the rate of return on the international asset
presented above were wrong even in direction and that the correct response was an
increase rather than a decrease. In this case the model would wrongly predict
Canadian investment to decline regardless of the adjustment cost parameter
chosen. Therefore, the result of this section is that the one-sector, open-economy
model cannot explain the observed response of Canadian output, hours, and

17In this case, e and e cannot be shown to be functions only of the elasticity of hours withFH FH1

respect to the real wage and the ratio of home-work to market-work. The parameter values are
unchanged to isolate the effect of changing the degree of substitutability between market- and
home-produced consumption goods.

18As is well known, a small-open-economy model in which the subjective discount rate is constant
and equal to the world interest rate implies that consumption among other variables has a unit root. The
endogenous rate of time preference eliminates this unit root but produces short-run dynamics that are
similar to those of a constant discount factor model. For example, for preference specification 2, the
conditional first-order serial correlations of Canadian output, investment, and hours—conditional on
innovations to U.S. output being the only disturbance to the economy—exceed 0.95 regardless of
whether U.S. output is assumed to be highly persistent (as estimated from the VAR) or is assumed to be
an i.i.d. process.



´S. Schmitt–Grohe / Journal of International Economics 44 (1998) 257 –287 273

investment to a unit innovation in U.S. output regardless of what one assumes
about the interest rate response. A more successful model would require that labor
demand shift by more in response to the U.S. output innovation. This idea will be
explored in the next section, where labor demand is also a function of the terms of
trade and potentially of the markup of prices over marginal costs.

4. Additional channels for the international transmission of economic
fluctuations

4.1. Export markets

Terms-of-trade variations as a potentially important channel for transmission of
disturbances between national economies have a long tradition in international
economics. This section assumes that the terms of trade are endogenous and
analyzes whether changes in them caused by variations in export demand can
explain the transmission of U.S. business cycles to the Canadian economy.

4.1.1. A two-sector model
I modify the previous model as follows: Consumers and firms (for investment

purposes) are assumed to have CES preferences over the good produced
exclusively by Canada, the export good, and the good produced by the United
States, the import good. A given total expenditure, E , on goods is divided acrosst

the two goods so as to maximize

d 2r f 2r 2(1 /r )[(x ) 1 (x ) ] , r $ 21 (13)t t

d d f f isubject to the budget constraint p x 1p x 5E , where x denotes purchases oft t t t t t
igood i5d, f, p denotes the price of that good, and E denotes either totalt t

expenditures on consumption of the representative consumer or total expenditures
on investment. As before, the economy is made up of a large number of identical,
infinitely-lived households, and the representative consumer seeks to maximize
(1), where C now denotes the value of the two goods defined above by (13).t

Prices are normalized so that the price of C equals one. Domestic demand for thet

exported and imported good for consumption and investment purposes has to
satisfy (from the solution to Eq. (13))

d d (21 / (11r ))x pt t
] ]5S D S Df fx pt t

Similarly, it is assumed that the aggregate U.S. demand for consumption and
investment is of the same form so that
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d d (21 / (11r ))*x pt t
] ]5S D S Df f*x pt t

d f* *where x denotes the U.S. demand for Canada’s export good, and x denotest t
f *aggregate U.S. demand for its national good. I identify x with U.S. GNP. Shockst

to U.S. output thus affect the determination of equilibrium in the small country
directly, and a response in the rate of return on international financial assets is no
longer necessary to connect the two economies. The one-sector economy is a
special case of this economy, in the event that the elasticity of substitution between
the import good and the export good is infinite (r 521).

d fAlong a balance growth path the terms of trade, ( p /p ), are constant only if It t

assume that the steady state growth rate of U.S. GNP coincides with that of the
Canadian economy. Exports and imports will share the common trend of the other
variables and can be transformed into stationary variables by dividing by z .t

4.1.2. Testing transmission through terms-of-trade variations
The coefficients in the log-linear approximation to the equilibrium conditions

are functions of two parameters more than in the one-sector model. One additional
parameter is the steady-state share of exported goods in gross domestic product,
which I calculated by taking the average ratio of Canadian exports to GDP for the
period 1960 to 1991. The value assigned is 0.23. The other free parameter is the
elasticity of substitution between export and import goods. A value of 1.5 was
assigned to this parameter. The predictions of the model economy will depend on
the estimated U.S. GNP response, which was described in Section 3.1. I assume
that the rate of return on the international bond is not affected by the innovation in
U.S. output in order to isolate variations in export demand as the transmission
channel.

I compare the model’s predictions of output, investment, hours, exports,
imports, and terms of trade to those generated by the vector autoregressions
discussed above. Fig. 2 presents the response of Canadian variables to a 1 percent
innovation in U.S. GNP in the case that home-produced and market-produced
consumption goods are perfect substitutes (preferences 1). Variations in export
demand as the transmission mechanism can produce an investment response just
inside the two standard error confidence bands and, at the same time, lead to
positive responses for output and employment that are greater than the respective
responses triggered by transmission through variations in the interest rate.
However, the computed impulse responses for output and hours are still below the
two standard error confidence bands.

This model also has testable implications for the behavior of exports of the
Canadian good to the United States, imports of the U.S. good to Canada, and the
terms of trade. The model correctly predicts the import response in the period of
impact and underpredicts it in the subsequent periods. Terms of trade is the only
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Fig. 2. Estimated and predicted impulse responses, transmission channel: Export-demand variations:
(——) estimated impulse response, (- - -) estimated impulse response 62 std. errors, (o-o-o) predicted
impulse response, preferences 1, and (1-1-1) predicted impulse response, preferences 2.
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variable for which I cannot estimate a significant response. The point estimate of
the terms-of-trade response is negative on impact but small and insignificant. The
predicted terms-of-trade response in the period of impact is substantially higher
than estimated. The model economy predicts an increase in the terms of trade of
close to 1 percent whereas the upper bound of the confidence interval around the
estimated response is only 0.2.

A discrepancy between estimated and computed responses even in direction
exists for exports. Whereas exports are estimated to rise 1.4 percent on impact, the
model predicts a decline of 0.42 percent. The explanation for this discrepancy is
that, while the innovation in U.S. output raises the U.S. export demand, it also
stimulates domestic demand for the export good, and with the particular parameter
values chosen here, the price of the export good appreciates so much that U.S.
demand gets crowded out initially. To reproduce the observed response in hours in
the period of impact, however, the model economy would require an even larger
appreciation in the terms of trade, and conversely, to correctly predict the lower
observed response in the terms of trade, the model economy would require a
greater increase in hours for the given increase in export demand or a more elastic
supply of the export good. The model correctly predicts an increase in exports in
the periods following the increase in U.S. demand. However, the predicted
increase is much smaller than the estimated one. As in the previous subsection,
impulse responses are also computed for preference specification 2. The predicted
impulse responses are similar to preferences 1 because the interest rate is
unchanged and hence the labor supply schedule does not shift by much.

Suppose that the terms of trade are not endogenous as assumed so far but are
determined on the world market and thus are exogenous for the small-open
economy. Then an alternative channel through which disturbances to the U.S.
economy could be transmitted to the Canadian economy are exogenous variations
in the terms of trade. Although I do not analyze this case here, the previous
findings suggest that this transmission channel would not be any more successful
than the variations of export demand transmission channel. One would again run
into the problem, that for the estimated impulse response of the terms of trade, the
output and hours responses predicted by the theoretical model would be below the
observed responses for these two variables.

This paper is not the first to show that a two-sector international real business-
cycle model cannot account at the same time for the behavior of output and the
terms of trade. Backus et al. (1994) demonstrate that a two-country, two-sector
international real business-cycle model driven by technology shocks that are
positively correlated across countries predicts that terms of trade are less volatile
than output, whereas in postwar data for several OECD countries the opposite is
true, that is, the terms of trade tend to be more volatile than output. Combining my
findings with those of Backus, Kehoe, and Kydland suggests that this model
produces too much terms-of-trade variation in response to export-demand shocks
and too little terms-of-trade variation in response to technology shocks.
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4.2. Imperfectly competitive export markets

Thus far, the assumption has been that product markets are perfectly competi-
tive, which is the standard assumption in the literature on closed as well as open

19economy real-business-cycle models. One implication of this assumption in the
open economy model developed here is that there are only two potential sources of
shifts in the labor demand function: (1) increases in capital over time and (2)
increases in the terms of trade. The first source cannot produce a positive response
in hours in the period of impact because capital is predetermined. For the periods
following the shock, the observed response of investment is quantitatively not
large enough for the model to be able to explain the observed output and
employment increases, as the above analysis has shown. Similarly, the predicted
variations in the terms of trade induced by the U.S. output innovation (together
with the subsequent increase in capital) are not large enough to account for the
observed output and hours responses either.

Several authors have noted that perfectly competitive models offer a poor
explanation for comovements of hours, wages, and output following demand
shocks. Since the increased demand by the United States for Canadian value added
is a demand shock, one is led to look at models that have been proposed to address
this particular weakness of the competitive model. One of those is the model of
implicit collusion by Rotemberg and Woodford (1992). Rotemberg and Woodford
show that effects of government purchases shocks on economic activity can be
better understood with their model of countercyclical markups than with models of
perfect competition and several other models of imperfect competition. In this
section, I ask whether the particular kind of imperfect competition modeled in
Rotemberg and Woodford (1992) also helps to explain the observed transmission
of U.S. disturbances to Canadian economic activity. The reason that it should is
that it implies that equilibrium markups decline in response to positive aggregate
demand shocks, and this decline in markups may shift the labor demand schedule
enough to explain the observed increase in hours and output in the absence of a
significant terms-of-trade appreciation.

4.2.1. The implicit collusion model of Rotemberg and Woodford
To follow the experiment that I conduct here, it is only necessary to know that

in the Rotemberg–Woodford model export producers have market power and
20implicitly collude in setting the price of the export good. The presence of market

power implies that price exceeds marginal cost, and implicit collusion in setting

19There are some exceptions. Models of the business cycle with imperfect competition include
´Farmer and Guo (1994); Galı (1994); Head (1994); Hornstein (1993); Rotemberg and Woodford

(1992).
20For a detailed description on how to embed the Rotemberg–Woodford model into a small open

´economy framework, see Schmitt–Grohe (1995).
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the price of the export good can be shown to imply that the equilibrium
markup—that is, the ratio of price over marginal cost—is an increasing function of

dthe ratio of the present discounted value of future profits P , to current sales p Yt t t

Pt
]]m 5 m (14)t S d Dp Yt t

The reason the markup, m(.), is increasing in this ratio is that, when current sales
are high relative to future profits, the incentive for the oligopolistic export
producer to deviate from the collusive agreement is greater and hence the
sustainable markup is lower. Export producers have access to the following
production technology:

Y 5 F(K , z H ) 2 ft t t t t

where F(.) is homogeneous of degree one in capital and labor and f denotes fixedt

costs. From the firm’s cost-minimization problem, labor demand is given by
dp F (K , z H )z 5 m wt H t t t t t t

In the implicit collusion model there are thus three potential shifters of the labor
ddemand schedule: the capital stock, K ; the terms of trade, p ; and the endogenoust t

markup, m . The remaining equilibrium conditions of this model are straight-t

forward modifications of those of the two-sector economy presented above. The
two previous models can be nested in this one: setting the steady state markup to
one the implicit collusion model collapses to the two-sector competitive model
used to study transmission through export-demand variations and setting, in
addition, the elasticity of substitution between import and export goods to infinity
the model collapses to the one-sector competitive model used to study transmis-
sion through interest rate variations.

4.2.2. Testing transmission through variations in market power
In calculating the quantitative prediction of this model for the response of

Canadian economic activity to a unit innovation in U.S. output, I assume that in
d ˜ ˜ ˜ ˜˜steady state profits are zero, p Y5wH 1uK, which implies that mY5F(K, H ) and

that the degree of short-run firm-level increasing returns equals the markup.
The coefficients of the log-linearized equilibrium conditions then involve only

three additional parameters: the steady state markup, m ; the elasticity of the
dmarkup with respect to (P /p Y), e (which as shown in Rotemberg and Woodford,m

1992, has to satisfy 0,e ,m 21); and the probability that the collusivem

agreement will last, a. Rotemberg and Woodford (1994) discuss empirical
evidence on the size of the markup and the degree of firm-level increasing returns,
and I draw from their discussion to calibrate m. For example, Domowitz et al.
(1988) estimate gross output markups to be between 1.4 and 1.7; Morrison (1990)
estimates gross output markups between 1.2 and 1.4. In fact, I have to calibrate a
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value-added markup which can be shown to exceed gross output markups. Hall
(1988) and Basu and Fernald (1997) report estimates of value-added markups that
are quite different from each other. Hall’s estimates are above 1.8 for most of his
one-digit industries, and Basu and Fernald estimate value-added markups of at
most 1.26 for two-digit manufacturing industries. I follow Rotemberg and
Woodford (1994) and use a value of 1.4 for m. To calibrate e subject to them

restriction 0,e ,m 21, I set it arbitrarily at 0.35. The calibration of the modelm

involves one more parameter, namely a, the probability that the collusive
agreement will last, for which I use a value of 0.9. I also present results for the
case that the markup is constant (i.e., e 50). In this case, the equilibriumm

conditions can be interpreted as those of an economy with monopolistically
21competitive product markets.

Fig. 3 presents the impulse response of Canadian economic activity to a unit
innovation in U.S. output assuming that the innovation in U.S. output affects
export demand but not the international interest rate, that is, transmission can
occur through variations in export demand and through variations in the equilib-
rium markup, but not through interest rate variations. The figure shows the
response for three model specifications—the implicit collusion model, the fixed

22markup model and the competitive model (reproduced from Fig. 2). As in Figs. 1
and 2, one can choose the adjustment-cost parameter such that the computed
impulse response of Canadian investment implied by the Rotemberg–Woodford
model lies inside the two standard error band of the estimated response; the value
of p is 3.

Given this choice of the adjustment-cost parameter, the implicit collusion model
predicts that Canadian output increases by 0.7 percent in the period the innovation
in U.S. output occurs, which is more than twice the increase in output predicted by
the competitive model. Similarly, the implicit collusion model predicts an increase
in total hours in the period of impact of 0.76 percent, whereas the competitive
model predicts an increase in total hours of only 0.43. As anticipated, the implicit
collusion model predicts a larger increase in output and hours than does the
competitive model and at the same time predicts a lower terms-of-trade apprecia-
tion. When exporters do not have market power, the appreciation in the terms of
trade is more than 50 percent larger than when exporters do have market power. In
the collusive economy, the increase in U.S. demand for the Canadian good lowers
the sustainable markup. Markups fall temporarily from 1.4 to 1.05.

The behavior of total hours and output now can be easily understood from
equilibrium in the labor market. The decline of the domestic markup shifts the
labor demand schedule out as does the appreciation of the terms of trade. The shift
in the labor demand schedule is larger in the implicit collusion model than in the

21Like, for example, the economy with constant marginal cost presented in Hornstein (1993).
22The model predictions are for preference specification 1, which implies that labor supply is only a

function of the wage and not of the marginal utility of income.
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Fig. 3. Estimated and predicted impulse responses, transmission channel: Export-demand variations
when exporters have market power: (——) estimated impulse response, (- - -) estimated impulse
response 62 std. errors, (o-o-o) predicted impulse response, constant markup of 1, (1-1-1) predicted
impulse response, constant markup of 1.4, and (*-*-*) predicted impulse response, variable markup of
1.4 and elasticity of 0.35.
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competitive model even though the terms-of-trade appreciation is smaller. Because
labor supply is only a function of the wage rate, the labor supply schedule does not
shift in response to the increase in export demand, and all movements in
equilibrium hours and output (in the period of impact) are due to shifts in the labor
demand schedule. The implicit collusion model correctly predicts that Canadian
exports increase, whereas the competitive model predicts that they decline. This
difference is a consequence of the smaller terms-of-trade appreciation. Although
the introduction of a countercyclical markup brought estimated and model impulse
responses of all six variables closer together, the improvement is quantitatively not
large enough to solve the problem of correctly predicting hours, exports, and the
terms of trade at the same time.

The introduction of imperfect competition with a fixed markup does not bring
23estimated and model impulse responses closer together. As can be seen in Fig. 3,

the only improvement of the fixed markup model over the competitive model is
that the predicted terms-of-trade appreciation is smaller. This implies that a
monopolistically competitive model with a fixed markup does not help overcome
the shortcomings of the competitive model in explaining transmission of U.S.
output shocks to the Canadian economy.

4.3. Transmission through financial and export markets

In this subsection, I compare the quantitative predictions of the competitive as
well as the collusive model allowing for transmission through financial markets,
export-demand variations, and possibly markup variations. The impulse responses
of the theoretical economies to an innovation in U.S. output are computed using
the response of the three-month Treasury bill rate as a measure of the interest-rate
response. Fig. 4 shows the computed impulse responses for the competitive model,
the implicit collusion model, and the monopolistic competition model. The
adjustment cost parameter, p, can be chosen in each case so that the predicted
investment response matches the estimated one reasonably well. Responses for
output are above those based on the export-demand variations channel alone, and
for all three models the computed responses are now within the two standard error
confidence bands (at least for the first four quarters after the innovation). Without
variations in the international interest rate the collusive model’s predicted output
response was the only one inside the two standard error band. The implicit
collusion model still predicts the strongest increase in output and also shows the
strongest increase over time in the output response. Similarly, the responses for
hours are above those allowing only for transmission through export-demand
variations.

23Rotemberg and Woodford (1994) make a related point. They show that imperfect competition
alone does not magnify the short-run effects of innovations in government purchases on hours and
output.
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Fig. 4. Estimated and predicted impulse responses, transmission channel: Financial markets and
export-demand variations together: (——) estimated impulse response, (- - -) estimated impulse
response 62 std. errors, (o-o-o) predicted impulse response, constant markup of 1, (1-1-1) predicted
impulse response, constant markup of 1.4, and (*-*-*) predicted impulse response, variable markup of
1.4 and elasticity of 0.35.
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As noted previously, the international rate of return drops in response to the
positive innovation in U.S. economic activity. This decrease stimulates consump-
tion because Canadian agents substitute current consumption for future consump-
tion and also stimulates investment as the rate of return on domestic capital is

24temporarily dominating the international rate of return. Therefore, the relative
price of the export good increases more than it did when R was unchanged, as cant

be seen in panel (f). For the collusive model the predicted terms-of-trade
appreciation now is 2, whereas it was .6 allowing for the export-demand variations
channel only. Another consequence of the greater appreciation in the terms of
trade is that now all models fail to predict the rise in exports.

The difference between the implicit collusion model and the constant markup
model is perhaps less visible now than it was in Fig. 3; it is certainly not
magnified. The reason is that now lower interest rates raise P , the presentt

ddiscounted value of future profits under collusion, and hence P /p Y falls less,t t t

thus the decline in markups is smaller. This in turn implies that the shift in the
labor demand schedule is reduced and that we are closer to the predictions of the
fixed-markup model. Overall the implicit collusion model fits the data best, but
the improvement over the competitive model is quantitatively not large relative to
the distance between model and data impulse responses.

´Finally, the results of a sensitivity analysis (see Schmitt–Grohe, 1995) suggest
that variations in the preference parameters over a range that is considered
interesting can only marginally change the predicted responses of the six
macroeconomic variables considered. In particular, the failure of the model to
predict a positive export response remains. A parameter that can affect the export
response and make it positive is the export share. High values for the export share
(above 60 percent), although resulting in a positive model prediction for the
response of exports, either leave the performance of the other variables unchanged
or improve it. However, such high export shares are hardly empirically realistic.

5. Summary and conclusion

This paper has investigated whether trade in international goods and financial
markets alone can quantitatively explain the observed transmission of short-term
economic fluctuations from the U.S. economy to the Canadian economy. The
results presented suggest that, for transmission through financial markets and for
transmission through export-demand variations individually, as well as for both
transmission channels jointly, this is not the case—at least in the context of the
three particular equilibrium business cycle models analyzed.

24For example, in the competitive model without financial markets as a transmission channel,
Canadian consumption increases by 0.4 percent, and with the interest rate drop it increases by 2.6
percent.
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When allowing for transmission through financial markets only, the predicted
output and employment responses were too small compared to those estimated
from postwar data for the small–large country pair Canada and the United States.
When allowing for transmission through variations in export demand, the
theoretical impulse responses for output and hours were closer to the estimated
ones, but the predicted output and employment increases still fell short of the
observed responses. Further, the predicted appreciation of the terms of trade was
much stronger than the one observed, and the predicted export response was wrong
even in direction.

This result is partially reversed once one allows for implicit collusion among the
small country’s export producers. In that case, transmission through export-
demand variations alone can explain the quantitative response of investment,
output, and hours simultaneously and the qualitative response of all six variables
considered. The problem of predicting a too-strong terms-of-trade appreciation is
alleviated but not solved.

If transmission occurs through both the financial-market and the export-demand
channels, then regardless of whether or not exporters have market power, the
models can account quantitatively for the response of Canadian output, investment,
and employment. The predicted model responses suggest, however, that the
models in this case require a stronger terms-of-trade response than that observed to
account for the output and employment behavior. Further, the transmission
channels together fail to predict the observed increase in exports. Therefore, I
conclude that in the presence of both the financial-market and the export-demand
channels, trade alone cannot explain the transmission of short-term fluctuations
from the United States to Canada for all six variables studied in this paper.

The results suggest that one important reason for the failure of trade alone to
explain the transmission of short-term fluctuations from the United States to
Canada is that the observed responses in real quantities—such as investment,
output, and total hours—are not accompanied by significant price movements; but
the models analyzed here, regardless of whether product markets are perfectly or
imperfectly competitive, predict substantial movements in investment, output, and
hours only in the presence of a significant terms-of-trade appreciation. It is left for
future research to explore whether relaxing the assumption of price flexibility
reconcile the small observed response in the terms of trade with the strong
observed response of output, investment, and hours.
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Appendix

Data sources

This appendix lists the data sources. All series consist of 168 quarterly
seasonally adjusted observations from 1950:1 to 1991:4, unless noted otherwise.1.
CANSIM, Statistics Canada, Ottawa.

1. CANSIM, Statistics Canada, Ottawa.
Cansim 2 Databank
]]]]]]

Cansim Series Title identification number
]]]]]] ]]]]]]
Gross domestic product at 1986 prices D20463
Business inventory investment at 1986 prices D20473
Business investment on fixed capital at 1986 prices D20468
Exports of Goods and Services at 1986 prices D20476
Imports of Goods and Services at 1986 prices D20480
Exports of Goods and Services, Price Index D20570
Imports of Goods and Services, Price Index D20573
Net domestic income at factor cost D20001
Wages, salaries, and supplementary labour income D20002
GDP, Implicit Price Deflator, 19865100 D20556

2. Historical Labour Force Statistics, Statistics Canada, 1992.
Employment Total Actual Hours Worked (all Jobs), 1992.
Quarterly averages of monthly data. Series begins 75:1

3. Board of Governors of the Federal Reserve System
U.S. dollar exchange rate (cents per Canadian dollar),
Quarterly averages of weekly data, nsa, Series begin 56:1

4. CITIBASE: Citibank economic database
Series title Retrieval code
]]] ]]]]
Real gross national product GNPQ
3 Month U.S. Treasury Bill (sec. mkt)(nsa) FYGM3
(monthly averages of daily data)

5. Ibbotson Associates Database
S&P500 Total return index.
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