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ABSTRACT
This thesis has studied the issue of monetary union between the United States, Canada and
Mexico and is the first of its kind in terms of scope in the literature.

It

has employed two

econometric techniques: the Stnrctural Vector Autoregression (SVAR) and the Markov

switching framework

to

assess

the feasibility of the common cuffency between the three

countries. The SVAR technique is used

in the two first

essays and the Markov switching

methodology is used in the third and last essay. The identification scheme adopted to identiff
each model is a combination of short- and long-run restrictions in the line
has uncovered the nature

of shocks that affect the United

of Gali (1992). Essay I

States and Canada by modeling each

economy according to their relative degree of openness to international trade. Essay 2 has carried

out a similar task for Mexico and Canada and for Mexico and the United States. On a pairwise
comparison basis, these two first essays have shed light on how the three economies evolve over

time as they are hit by a once-and-for-all shock, which is a prerequisite for any group of
countries that envisage a monetary union in the spirit of Mundell (1961). The first two essays

implicitly differentiate interaction between economies of relatively the same degree of economic
development (United States and Canada) and between less developed and advanced nations

(Mexico-U.S., Mexico-Canada). Based on Data taken from different sources that extends over
the last four decades, these two essays have shown that shocks that affect Canada and the United
States are symmetric in nature and therefore a monetary union is feasible between the two,

if

such a decision could solely be based on this criterion. As to the possibility of a monetary union
between Mexico and Canada and Mexico and United States, there is no clear cut. The degree of
shocks asymmetry or symmetry could not be established because the result depends on the order

of integration of Mexico's money stock.

111

Essay 3 has explored the feasibility of monetary union between the three countries by relying on

the Markov switching framework. This technique enables us to determine whether there

is

synchronicity in the dynamics of the economies as they are subjected to frequent shocks and
whether the underlying data show signs of a common North American cycle. This essay has

fulfilled two important tasks: a) it has brought robustness to the findings of Essays
b) it has offered an alternative way to

assess the

I

and

2, and

feasibility of monetary union on the basis of

business cycle symmetry or asymmetry. Using quarterly data on industrial production index for

the period 1963:3-2002:4, and a classification of the probability regimes into recession, normal
growth, and high growth, this essay has first provided evidence that there is synchronization of
the business cycles in North America. In simple words, there is a high probability that the three
economies go into and out of recession together over time. As to the common cycle feature, a set

of pairwise comparison tests has demonstrated that Mexico and Canada share each a common
cycle with the United States but not with each other. Therefore, this essay has found that

a

monetary union is most feasible between United States and Canada, thereby corroborating the
previous results.

In few words, this thesis has demonstrated that independently of the technique used, the result is
the same: Canada and the United States are most suitable for a monetary union. However, if we
have to take into consideration the fact that Mexico's economy appears to be moving closer to

fulfilling the optimum currency

areas criteria, as found in Essay 3 and documented

in Christ

(2000), the three countries are suitable for a monetary union.
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GENERAL INTRODUCTION

THREE ESSAYS ON NORTH AMERICAN MONETARY UNION

The issue of monetary union between Canada, Mexico, and the United States (U.S.) is a subject
that often resurfaces in Canada, usually at times when the Canadian curency is depreciating with
respect to the U.S. currency. Yet it remains a relevant policy question of interest to academics,

govemments, policymakers, and society in general. To that end, there has been a continuous
debate as to whether a monetary union between the three countries is a feasible option, a topic
that has been discussed on two fronts: qualitative and empirical. The former regroups arguments

of opposite views that arc more in line with social values, patriotism, culture, and the cost
benefit of the current economic system

in Canada.

econometric exercises how the dynamic

of

arrangement. Needless

and

The latter tries to understand through

these economies make them suitable

for

such

to say that, whether the approach is anal¡ical or empirical, the

motivation for such debate originates from the matenalizalion of the European Union. Therefore,
those in favor of such initiative contemplate that the North American Free Trade Agreement

(NAFTA) currently in effect between the three countries could be, in the future, extended to
what has already been termed the North American Monetary Union (NAMU). As important

as

this topic could be for Canada, Mexico, and the United States, there has not been a lot
contributed on that issue in the economic literature. This thesis intends to

fill

the gap and is

empirical in nature.

The empirical literature has mainly attempted to provide answer to a specifîc policy question: Is
a monetary union between Canada,

Mexico, and the United States feasible on the basis of either

shock or business cycle asymmetry? The rationale behind the relationship between monetary

union and the response of different economies to a similar shock is straightforward.

If

shocks

that hit different countries are symmetric, then these countries have interest in undertaking

a

monetary union, provided that monetary policy has no real effects and flexible exchange rate
does not perform its role as a shock absorber. Previous studies that have investigated this link
have mostly made use of the structural vector autoregression (SVAR) technique to look at the

impact

of a once-and-for-all shock to some key economic

variables either across countries,

similar regions, or industries of different countries in order to determine whether their responses

dictate symmetry or asymmetry. The main drawbacks to these studies, however, were 1) to
assume that all economies

follow the same dynamics by extracting the structural shocks from the

same SVAR model; and 2) not to account for the degree

of

openness

of the economies by

leaving aside the real exchange rate. This thesis fills these gaps in two ways.

Firstly, the thesis employs the SVAR methodology to address the issue of monetary union for
Canada,

Mexico, and the United States by modeling each of these economies differently. That is,

Canada and Mexico are modeled each as a small open economy whose policy and exchange rate
shocks cannot influence the large neighboring country, which is the U.S.. By contrast, the U.S. is

modeled as a relatively closed economy with a strong curency that cares much more about the

oil price than the exchange rate and policy shocks that come from Canada or Mexico. This
methodology is used in Essays 1 and2.

Although the first two essays show how each of the North American economies responds to

a

once-and-for-all shock and how that shock continues to impact the key macroeconomic variables

at different horizons, there is no way to account for other innovations that may concurrently
perfurbed these economies. This brings us to the second valuable contribution of this thesis,

II

which also studies the feasibility of monetary union between the three countries by using

a

Markov-switching framework that captures the changing nature of the economies as they are
subjected to different shocks over time. This technique is explored in Essay 3.

Taken separately, each essay contributes on its own right to the economic literature and taken
together, these three essays complement each other and document empirically the monetary

union issue between the North American countries. To the best of my knowledge, there are no
other studies in the literature with such a scope. The rest of the thesis is organized as follows.

Essay

I

analyzes the feasibility

of monetary union between United States and Canada based on

the symmetry of macroeconomic shocks. The study covers the period 1961ql -2000q4 and uses

the structural vector autoregression (SVAR) and the time-varying parameter state space model.
The identification scheme considered to identiff the structural shocks is a combination of shortand long-run restrictions in the line

of Gali (1992). The results suggest that aggregate

demand

and aggregate supply shocks lean towards symmetry, while monetary shocks are asymmetric.

Most importantly, monetary policy shocks in the United States have stronger effects on ouþut
than both domestic monetary policy and real exchange rate shocks. Two conclusions are then
drawn: monetary policy is not as relevant as previous studies have emphasized, and the real
exchange rate does not perform the role of shock absorber for the Canadian economy as many
researchers believe. Hence, there

is no great loss involved for Canada in losing its monetary

policy independence by joining (at least) the United States in a monetary union, if such decision
could solely be based on the behavior of shocks across the two countries.

Essay 2 is the first attempt at two pairwise comparisons to tackle the issue of monetary union
between Mexico and the rest

of the North American countries. It is also the frrst research to

m

suggest that shocks between Mexico and the United States and between Mexico and Canadamay

not be asymmetric. To arrive at this finding, the paper has extended the work of Lalonde and StAmant (1994) to a SVAR of five variables, with real exchange rate and foreign policy instrument
being the two new variables. The models are identified by employing an extended combination

of short- and long-run restrictions similar to Gali (1992). Based on data that
1960q1

- 2000q4, the study shows that the degree of shocks asymmetry

spans the period

Mexico and each of the

two other countries depends on the order of integration of Mexico's money stock. This can be
seen as a setback for previous studies that have uniformly emphasized that shocks between

Mexico and the rest of the NAFTA partners were asymmetric.

Essay 3 is the first to have studied the business cycle linkages between Canada, Mexico, and the

United States through the Markov-switching framework in order to determine to what extent
these countries might be suitable to form a monetary union. The feasibility of the single currency

arrangement

is

assessed

on the basis of two criteria: 1) business cycle asymmetry; and 2)

identification of a common cycle. Using quarterly data that extends over the period 1963:3

-

2002:4, the paper shows that a monetary union is feasible between the three countries. However,
had the decision to enter such arrangement to be made on the grounds of a common cycle, only
the U.S. and Canada would have qualified. To some extent these results confirm the findings

of

the two first essays and, most importantly, show that whether one relies upon structural vector
autoregression

or on Markov switching technique, Canada and the United States are most

suitable for a monetary union.
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Abstract
This paper analyzes the feasibility of monetary union

between

United States and Canada based on the symmetry of macroeconomic
shocks. The study covers the period 1961Q1

-

2000Q4 and uses the

structural vector autoregression (SVAR) and the Time-Varying State
Space

model. The identification

scheme considered

to identify the

structural shocks is a combination of short- and long-run restrictions

in the line of Gali (i992). The results suggests that aggregate demand and aggregate supply shocks lean towards symmetry, monetary
shocks are asymmetric. Most importantly, monetary policy shocks in

the United States have stronger effects on output than both domestic
monetary policy and real exchange rate shocks. Two conclusions are

then drawn: monetary policy is not as relevant as previous studies
have emphasized, and the real exchange rate does not perform the
role of shock absorber for the Canadian economy âs many researchers
believe. Hence, there is no great loss involved for Canada in losing its
monetary policy independence by joining (at least) the United States

in a monetary union, if such a decision could solely be based on the
behavior of shocks across the two countries.
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Introduction
This paper is the first of three pairwise-comparisons between North American countries (United States, Canada, and Mexico) on the issue of monetary

union. Its objective is to determine to what extent economic shocks between

United States (U.S.) and Canada âre asymmetric so as to argue whether
monetary union is feasible, aside from other considerations such as culture
and patriotism. Monetary union is an issue that has been highly debated
over the years in Canada, following the publication of the original contribu-

tion of Mundell (1961). This debate even becomes overheated every time
the Canadian dollar receives a great swing from the U.S. dollar in the foreign exchange market. With the materialization of the North American Flee

Tlade Agreement (NAFTA), the focus of the discussion is whether Canada
should take the next step towards pursuing a monetary union with United
States and Mexico, a step that requires the abandonment of autonomous use

of monetary policy so as to enjoy the benefits of the union. As in many

economic decisions

to be undertaken, the comparison of costs and

benefi.ts

are paramount. Basic principles of economics dictate that decisions are favorable up to the point where marginal benefit is equal to marginal cost. An

informed decision, in accordance with the optimum currency area, requires

that: i) aggregate demand (AD) and aggregate supply (AS) shocks be symmetric, otherwise, production structures need to be homogenous; ii) factors
of production to move freely; and iii) a set of fiscal instruments be in place

in order to deal with the effects of asymmetric shocks

across participating

countries þee Kenen (1969), Meade (1957), Mundell (1961), Ingram (1973),
and Sachs and Sala-i-Martin (1991)].

In line with most of the research on monetary union

[see

for example Ke-

nen (1969), Bayoumi and Eichengreen (1993), Krugman (1993)], this paper
concentrates on the first requirement.

It intends to inform decision

makers on

whether there is a good reason to believe, on the basis of empirical economic
evidence, that a monetary union between Canada and United States makes
sense. This goal is pursued by employing both the Structural Vector Autore-

gression (SVAR) model and a Time-Varying Parameter State Space model.

The former allows one to extract the structural innovations and to analvze

the d¡mamic responses of the endogenous variables. The latter is used to

determine the degree of symmetry between shocks of the two countries.
Previous studies by Shapiro and Watson (1988), Blanchard (1989), Blanchard and Quah (1989), Gali (1992), and Walsh (i993) have also used SVAR
models to study the behavior of business cycle in the United States. Deserres and Laionde (1994), Dupasquier et

al. (1997), Cushman andZlna (1997),

and Artis and Ehrmann (2000) extend these authors' work to examine how
demand shocks (non-monetary, policy, and exchange rate shocks) and supp1y shocks affect business cycle behavior

in Canada and how these

shocks

are related to those of the United States. Several identification schemes have

been adopted: short-run restriction as in Sims (1986), long-run restrictions
as first used by Blanchard and Quah (1989), and a combination of shortand long-run restrictions as originally imposed by Gali (1992). The findings
are mixed for U.S. studies. For example, Blanchard and Quah found that

AD shocks are the primary sorilce of output fluctuation at all horizons

afber

imposing the restriction that only supply shoclis have a long-run effect on

output, while Gali (1992) found that supply shocks account for most of the
variation in output, around 70 percent. The general finding on monetary
union research between U.S. and Canada points to AD and AS shocks being
symmetric and monetary policy shocks having real effects on output. Hence,

the common conclusion is that monetary union could involve great loss for
Canada.

This paper, which covers the period 1961Q1 - 2000Q4, considers the iden-

tification scheme of Gali (1992).

It

identifies five (supply, demand, foreign

policy, domestic policy, and reai exchange rate) structural shocks for Canada
and four (non-oil supply, oil supply, demand, and policy) for the U.S.. The

impulse response functions and the forecast-error variance produced by the
estimated model accord with the predictiors of the underlying modified AD-

AS model. Contrary to previous studies on Canada's business cvcle, the
findings about the U.S. are more pronounced but yet similar to previous
studies. In assessing the degree of s¡rmmetry between shocks across the two
countries, the empirical analysis suggests that

: i) AD shocks

are symmetric;

ii) AS are inclined towards symmetry; iii) the effects of monetary poiicy

as

well as real exchange rate shocks on output are mimrscule; iv) U.S. mone-

tary policy shocks have more substantial effects on Canadian output than
domestic monetary policy shocks, and v) monetary policy shocks are asym-

metric. All these lead to the conch¡sion that monetarv union between U.S.
and Canada is feasible on the basis of the behavior of structural shocks for

the period under analysis.

The remainder of the paper is organized as follows. Section 2 presents the
background of the issues at stake. Section 3 contairs the literature review.

Section 4 discusses the underlying model along with the choice of policy

irstrument. Section 5 gives a detailed exposition of the SVAR methodology,
which intends to enlighten any reader outside the field. Section

a brief discussion of the State Space model used to

assess

6

provides

the nature of

shocks across the two countries. Section 7 lays down the restrictions used

the empirical phase to identify the structural model. Section 8 analyzes the

data

.

Section 9 presents the main results of the empirical exercise. Section

10 concludes the paper.

2

Background

The backbone of the research on the feasibility of monetary union or any
currency arrangement between nations is the theory of optimum currency
areas (OCA) developed by Mundell (1961) and extended by

McKinnon (1963)

and Kenen (1969). These authors have identified conditions under which
monetary unions work smoothly, namely, countries and/or regions must be
subject to the same economic disturbances so that a common monetary policy

can be effective. In the opposite case, each nation is better off by ca.rrying

out its independent monetary policy in order to deter or weaken the effects
of asymmetric shocks.

In

accordance

with this theory, most of the subsequent research on Eu-

rope's economic and monetary union initiative had mainly focused on the

identification of the types of shoclis that affect each of the integrated members. The coÍr,mon findings pointed to the existence of substantial asymmet-

ric shocks between nations and hence viewed the loss of monetary independence

to be costly

[see Chamie

and Weber (1990)]. Although

it

et

al.

(1994); Cohen and Wyplosz (1989);

is too early to question the validity of this

research, the important controversy that emerges is whether the existence of

asymmetric shocks constitute suficient evidence agairst monetary arrangements. In his assessment of the costs of European Monetary Union (EMU) to

individual member countries, Melitz (1996) sheds some light on the issue. He
argues

that

when these shoclis arise from the foreign exchange markets where

trading takes place in different monetary units, a monetary union is the best
solution since

it rids the economies of the currency substitution

problem by

enacting a single currency. Melitz further distinguishes between asymmetric
shocks that are microeconomic and those that are essentiallv macroeconomic

8

in nature. In his view, although both originate from the commodity markets,
monetary policy carried out either by national central bankers or a conÌmon

entity (e.g., the European Central Bank) would not be an appropriate response

to combat m'icroeconom¿c shocks. As the argument

goes,

if one sector

of the economy faces hardship, any attempt to help this sector to become
more competitive, through currency depreciation induced by a reduction of
interest rates, may eventually lead to the growth of some industries at the
expense of other industries

that heavily rely on imported inputs. However,

when the dynamics of the economies are such that the shocks are mostly
macroeconomic in nature, an independent monetary policy remedy may be
superior to that of a common monetary authority, provided Central Bankers

could commit to an optimal policy.l As Melitz explains, information problems related to the identification of shocks along with the iack of knowledge

about the parametric structure of the economy and policy mistakes may
make

it

impossible for monetary authorities to exploit opportunities to im-

l There is a large body of

literature on this topic, starting from the seminal contribution
of Kydland and Prescott (1977) and Calvo (1978) on time.inconsistency problems in the
design of both monetary and fiscal policies. The focus is on the ability of central bank
to renege once economic agents have committed to a specific level of inflation. For the
ma,rginal benefit in terms of output gain is greater than the marginal cost of positive
average in-flation. Other contributions in this field regroup include the work of Barro
and Gordon (1983), Auernheimer (197a). Walsh (1998) chapter 8 provides an extensive
treatment and recommends literatu¡e surveys by Persson and Tabellini (1990), Cukierman
(1992), and Driffill (1988).

I

prove domestic welfare through independent policy. This discussion seems

to be appealing, theoretically. For it shows that under some circumstances
the setup of the monetary institution does not matter because the outcome
is the sâme. But how substantiated is the whole argument at the empirical
level?

The view that one should differentiate between microeconomic and macroeconomic related shocks appeâ,r to receive some support from the works of

Bayoumi and Prasad (1995); Stockman (1988); and Bini-Smaghi and Vori
(1992). These authors have decomposed output between regions and indus-

tries to distinguish between industry-specific shocks, region-specific shocks,
and common shocks. In Melitz's assessment,

it can be inferred from these

authors' findings that a large portion, say 50 percent, is due to industryspecific shocks, a result which indicates that monetary policy in itself would

not be an appropriate tool to combat asymmetric shocks. If one is willing

to buy Melitz's argument, then it is a forgone conclusion that a common
monetary poiicy is more beneficial for countries than separate policies. As
evidenced by monetary unions in effect in Canada as well as in the United
States, the Bank of Canada and the Federal Reserves handle all responses to
shocks across provinces and states through policy actions, despite the fact

10

that regions in these two countries are partly subject to asymmetric

shocks.

Research on this issue have not yet determined whether each province or

state would be better off

if it

could carry out its own monetary poiicy. In

this respect, the reality in these two countries may somehow undermine the
importance of the research on idiosyncratic shocks.

Although there are disagreements among economists on how to approach
the feasibility study of monetary union, the knowledge of how economic disturbances affect a nation and the interdependence ofshocks between nations

may be summarily important to decision makers before embarking in any
negotiation. This may partly explain why studies of these sorts were so pop-

ular for the materialization of the European Union. In the case of North
America,

it

seems

that the existing literature has not yet flourished, which

explains the need for this resea¡ch in particular. With the exception of a few
cases where

United States and Canada are chosen for comparison with their

European counterparts, there have only been few empirical papers mostly

written by researchers at the Bank of Canada on possible monetary union
between United States and Canada. These papers emerge as a resporse to
those who have advocated a North American monetary union (NAMU).
Following the materialization of the European Union, the debate on NAMU
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usually becomes overheated in Canada anybime the Canadian doliar severely
depreciates

with respect to the U.S. dollar. The main question to which

answers have been sought is whether Canada would

off

if it

not have been better

had opted for a monetary union with the U.S.. As can be inferred

from the discussion above, there are two currents of thought. Proponents
of the NAMU, with Courchene (1998) as the leading advocate, purport that
such u¡iion carries benefits as well as costs for both countries, with obviously

a net benefit for Canada on average. In his view, a larger market will be
created

to compete at the world level and will thereby strengthen the role

of the U.S. dollar as a store of value and at the same time rid Canada of its
weak dollar, which costs the Bank of Canada around $8 billion to maintain

it druing periods of turmoil in financial markets. It is also the
\Mages

case

that

since

tend to equalize across the two countries, there will be no incentives

for Canadian professionals to cross the border for the sake of better opportunities, putting a stop to the brain drain. The impact of a loose Canadian
dollar, as Courchene further explairs, has more negative impact on the economy than the loss of both monetary independence and seignioragefaround
.02 percent of GDP, see Walsh (1998)] for the government. For although

it

is believed that a weak currency tends to promote exports and discour-

L2

age

imports, which finally gives rise to higher levels of domestic output (the

beggar-thy-neighbor policy), he argues that such benefits could lead to com-

petitive depreciation and could also destroy the productive capacity of the
country as foreign-produced inputs may not be available due to the reduced
purchasing power of the Canadian dollar.
Courchene's arguments axe more in line with the predictions of interna-

tional trade theory textbooks. \Ã4ren one corsiders the fact that foreigners
o\Mn a large number of

fi¡ms in Canadian soil, it becomes evident that a weak

currency eventually imposes additional costs to both Canadians and investors
who intend to repatriate part of their profits. To what extent are these costs

important, so that a call for a monetary union is justifiable?

It

appears that

empirical research, rather than qualitative statements, are needed.

The emphasis of those who oppose monetary union

[see

Murray, (1999)]

is on the loss of Canadian culture, mainly public healthcare and other sociai

prograÍìs actually financed by the tax gap between U.S. and Canada. In
the monetary front, these authors contend that the loss of seigniorage along

with the loss of monetary policy independence may restrain the ability of
government to respond to shocks that are proper to Canada. Research done
under this banner has centered around 1) the nature ofshocks that hit regiors
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in Canada, and 2) the similarities between shocks in Canada and shocks in
the United States at the national as well as at the regional levels. Studies
carried out by researchers at the Bank of Canada [see Duspasquier et al.
(1997); Fenton and Murray (1993); and Kuszczak and Murray (1937)] fall
under this category.

fn sum, the feedback gathered from this discussion is that

economists

have not yet found â common ground on how to approach a feasibility study

of monetary union between nations. There are two approaches that have
been followed: one that loolis at the nature of underlying shocks between

similar regions or industries across countries, and the other that focuses on
the relationship between shocks across borders. This paper uses the latter
approach.

3 Literature Review
The research on monetary union mostly emphasizes the implications of asym-

metric rather than svmmetric shocks. For

it

is understood that svmmetric

shocks do not impose costs on potential countries as the policy implemented

by a single country would have the same effects if

t4

it

were implemented by a

cornmon authority. Several approaches to modelling asymmetric shocks have
been taken over the yea,rs. The first line of research looks at how asymmet-

ric shocks permeate the economy and partly suggests means by which their
effects could be minimized. The focus is on the role of industry and proo-

uct diversification, movement of factors of production, adjustments through
financial markets, and fiscal redistribution as requirements of an optimum
currency area. This may be termed the "requ'irement-based approach." Tlne
second approach, which one ma,y call

the

"li,qui,di,ty approach,"

rather relies

on price dynamics to investigate asymmetric shocks. The main variables are

the real exchange rate and share prices. The third approach, tlne "output
- price approach," which is a combination of the two previous approaches,
addresses the same issue by integrating movements

in output and prices, and

is the most popular under the structural vector autoregression methodology.

I.

The Requi,rement-based approach

Kenen (1969) explains asymmetry of shocks by focusing on the degree

of industry or product diversification. In his view, asymmetric shocks are
likely to be important when cou¡rtries have different industrial structures
and produce different goods. This argument goes more in line with the Bank
of Canada's position, which purports that monetary union is not appropriate
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for Canada because it is an industrial-based, while the U.S. is a consumptionbased, economy. In the Bank's view, such arrangements may jeopardize the

ability of Canada not only to respond to disturbances originating in the U.S.

but in the rest of the world as well.
[Meade (1957), Mundell (1961), and Ingram (1973)] have instead ex-

plained the determinants of shocks by the degree of mobility of physical
factors of production. Their argument is that the freer these factors move
across countries, the lesser the effects of region specific shocks. Building
upon the work of these pioneers, recent contributiors by Eichengreen (1993),

Barro and Sala-i-Martin (1991), Obstfeld and Peri (1998), and Asdrubali,
Sorersen, and Yosha (1996) partly show that the speed at which labor mo-

bility contributes to the smoothing of state and province specific

shocks is

faster in United States and Canada than in Europe. These findings explain
why monetary union in these countries could be a success. However, it is not
known

if the

movement of factors can lessen the effects of asymmetric dis-

turbances between U.S. and Canada. As some authors have also recognized,

adjustments to shocks through the labor and physical capital markets may
take quite some time before the economy would see their effects.

It

is perhaps in this vein that Atkeson and Bayoumi (1991) have explored

16

the role of financial capital mobility as a substitute to physical capital mobil-

ity. Their model

shows

that agents can hedge against country-specific

shocks

by holding assets whose returns are uncorrelated with "region-specific sources

of Labor and capital income." Sachs and Saia-i-Martin (1991) have in turn
emphasized the importance of the fiscal federal system to redistribute wealth
across regions

in order to reduce asymmetric shock effects.

2. The Li,qui,di.tg

approach

Several techniques have been used

to capture the extent of asymmetric

shocks. Poloz (1990) has computed the variability of the real exchange rate
between regions in Canada and the four most important EC countries. His

study reveals that real exchange rate varied more among Canadian provinces

than among the European countries considered. Eichengreen (1990) focused
on covariance analysis of real sha¡e prices across important cities, while Cohen and Wyplosz (1989) relied on time series of output to investigate asym-

metric shocl¡s.

The limitations of these approaches are that, as pointed out by Eichengreen (1990), and Bayoumi and Eichengreen (1993), observed movements in

GDP and prices reflect combined effects of shocks and responses, which are
difficult to separate out using the techniques mentioned above.

T7

3. The Output-Price

approach

In respect to the modeling of the joint movement in output and prices, the
work of Bayoumi and Eichengreen (1993) (BE) represents an improvement
upon previous studies. These authors argue that approaches taken in previous studies do not allow for a clear-cut distinction between disturbances and

impulse responses. They estimate structural vector autoregressions (SVAR)2
based by the aggregate demand (AD)

-

aggregate supply (AS) model and

obtain the structural shocks after imposing long-run restrictions as proposed

by Blanchard and Quah (1989) (BQ hereafter), and Bayoumi (1992). This
identification technique allows the researchers to distinguish between shocks
having permanent effects from those having temporary effects on output.
The Bayoumi et al. (1992) study spans the period 1960-1988 and compares
the nature of shocks associated with inflation (for AS dynamics) and output
growbh (for AD dynamics) in eleven OECD countries. In their examination of

Canada and the Unites States (U.S.), they find that supply shocks in Canada
and the U.S. are not highly correlated, a finding similar to this paper.

The BE method, nonetheless, has been criticized on the grounds that

it

only measures cova,riation between two countries at a time, and is therefore
zln the remainder of the paper, an SVAR of order p, SVAR(p), is used. Where p is the
number of endogenous va¡iables conforming the system.
18

not suitable to capture mutual dependency in a larger pool of countries

[see

Jansson (1997)]. Since the focus of this study is on two countries: U.S. and
Canada, one can easily neglect this criticism. However, the main drawbacks

of their study as signaled by Dupasquier et al. (1997) are that 1)
monetary shocks, and 2)

it

it

ignores

hypothesizes that inflation follows a stationary

process. In response to the first weakness,

it appears that BE deliberately

exclude monetary shocks in their model because their objective was to avoid

their identified demand shocks being contaminated by policy shocks. The
second flaw of the study seems to be more serious.

Building upon the work of

Phillips (1995), which shows that the use of a non-stationary and quasi-nonstationary variable in a VAR may lead to misleading forecasts, Dupasquier
et al. in fact show in the appendix to their pa,per that core inflation (based
on CPI excluding food and energy) is non-stationary.

In their study on economic interdependence

between Canada, United

States and the rest of the world, Kuszczak and Murray (1987) used a tradi-

tional VAR with five variables that includes: output, money, prices, interest
rates, and exchange rates. Based on quarterly data for the period 1960: 1 to

t984:4 for Canada and the United States, they found that shocks affecting
the U.S. economy are rapidly trarsmitted to the Canadian economy, and ac-
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count for more than 50 percent of the variance in Canadian variables. Since

the authors have used the traditional VAR where identification of

shocks

is based on the Cholesky decomposition, which has been reproached for its
inconsistency with economic theory (see Cooley ând Leroy (1985), there is

not much sense that can be made of the impulse responses, even though the
findings appear to be insightful.
Studies similar to that of Bayoumi et

al.

(1993) have been carried out

by researchers at the Bank of Canada. To take into account the effect of
monetary shocks, DeSerres and Lalonde (199a) use a three-variable VAR
model, which is composed of inflation, the growbh rates of output and the
monetary aggregate (M1). The BQ decomposition was also used to identify

the three types of shocks (monetar¡ non monetary AD shocks, and supply
shocks)

that affect Canada and the U.S. They then use estimates from

state-space model

to determine whether shocks

across regiors

in

a

Canada

have a common component and whether they have a component coûlmon

to the American shocks. Their study, which is based on quarterly data and
covers the period 1961:1-1992:1, reveals that shocks in Canadian regions a.re

by and large correlated with each other, but the link between these

shocks

and common shocks in United States are relativelv weak. This research also
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suggests that monetary union is not the best option for Canada.

The same flaw regarding the assumption that the inflation series is sta-

tionary was also detected in this study by Dupasqtier et al. (1997). They
also noted that the restriction that only monetary shocks have no long-run

effect on real balances, imposed by DeSerres and Lalonde to identify mon-

etary shocks, was somewhat questionable. For

it

is implied that transitory

fiscal shocks might have a permanent effect on real balances, which, according to Dupasquier et al., weaken the analysis when too many shocks are being
extracted.

Dupasquier, Lalonde, and St.-Amant (1997) examine the same question

using a VAR model with three variables similar to Deserres and Lalonde
(1994), except that the moneta.ry aggregate is replaced by the real interest

rate to capture the presence of monetary shocks. Their study, which is based
on various sorrrces of data and covers the period 1970:1-1995:4, was further
extended to an SVAR(4) to looks at the response of nominal exchange rate to

the different types of shocks being identified. In part, the impulse responses
show that the nominal exchange rate appreciates in the wake of a positive

real demand shock to output as domestic prices increase. This finding led
them to conclude that the nominal exchange rate contributes in facilitating
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macroeconomic adjustments, and hence, by abandoning the current exchange

rate system, Canada would bear a large burden. What appears to be surpris-

ing, however, is that the authors also found that when shock dynamics are
taken into account. the correlations between AD and AS shocks in Canada
and United States appear to be strong, which implies

that (if not pure coin-

cidence) one can predict the response of Canadian variables, say output, to
a shock from the responses of U.S. variables

poses

to the same shock. This presup-

that there is a common link between the two countries, based on the

high correlation of the disturbances, for which a common policy may find its
applicability.
There are, however, two drawbacks to the studies reviewed so far. First,
the structural shocks are usuallv extracted from models whose choice of variables reflect closed rather than open economies. Total exports as a share

of real GDP clearly shows that Canada is better approximated as an open
economy while the U.S. is best viewed as a relatively closed economy (see

Carbaugh, 2002). Second, the papers ignore the influence of the Federal
Reserve funds rate in the implementation of monetary policy

in Canada. If

there is irrefutable evidence in the estimation of Canadian monetarv policv
reaction function, it is that the Fed funds rate is always a significant variable
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[see

Johrson and Siklos (1997), Jean Louis (2002)]. Therefore, the absence

of these features in models that aim to recover structural shocks may lead

to inferences that are quite misleading, since it is not clear whether

these

shocks emerge from the true dynamics of the economies. Cushman and Zha

(1997) even argue that failure to properly account for the difference in mod-

elling monetary policy between large, but relatively closed, and small, but
open, economies may be at the origin of the price and exchange rate puzzless
endemic to traditional empirical models.

Two papers stand agairst these criticisms: cushman and zha (1997)
and Artis and Ehrmann (2000). The former constructs a VAR model for
Canada

in which the monetary policy reaction function depends on both

contemporaneous exchange rates and U.S. interest

rates. They find that

monetary policy shocks interpreted as contractionary monetary policy have

little impact on Canadian output after a twelve-month period, but a lengthy
real appreciation of the exchange rate. Although the United States serves the

role of rest-of-the world to Canada

in

the Cushman and Zha study, there is

no insight as to how economic innovations from the two countries are related.

Following a methodology similar to that of Gordon and Leeper (1994),
sContractionary monetary policy that gives rise to an increase in the "home" ptice
level and depreciation of the "home" currency respectively.
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Sims and Zha (1995), and Cushman and Zha (1997), Artis and Ehrmann esti-

mate an SVAR(5) for four open economies (Sweden, Denmark, Canada, and

United Kingdom) that builds around the assumption that the large neighboring country's central bank (U.S. taken for Canada) is not really concerned
about changes in interest and exchange rates that occu¡ in the small coun-

tries; therefore,

it

does not react

to shocks associated with these variables

coming from there. The small countries' central banks, on the contrary, are

likely to respond quickly to foreign variables, thereby invalidating the

as-

sumptions that interest rate innovations are independent. Within this setup,

the Fed funds rate and the nominal exchange rate ($C

itly modelled. To take into

/

$US) are explic-

account exchange rate targeting practices, the

exchange rate identification scheme enters in the form of the weight foreign
exchange market disturbances have on monetary policy setting. Their results

indicate that: 1) the Canadian and the United States economies are mainly

hit by symmetric AD and AS shocks, 2) exchange rate is not very resporsive
to AD and AS shocks, and 3) the exchange rate shocks distort output and/or
prices, which favor monetary union between the two countries if one relies on

the fi.ve criteria relevant for the evaluation of monetary options. Yet, since

they also found that 4) monetary policy in Canada has real effects on out-
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put, and 5) the exchange rate is largely driven by shocks in the exchange
market, they conclude that "monetary union, or dollarization, could involve
loss for Canada." How important these losses are compared to the benefits

of monetary union in the future is still a mystery.
Although Artis and Ehrmann (2000) is among the most innovative papers
on the issue of monetary union between U.S. and Canada, their finding that

AD and AS shocks across the two countries are symmetric is solely

based

on the pure interpretation that both U.S. and Canada interest rates from
Canada's SVAR estimation respond in the same way

to a one-standard d+

viation innovation in AD and AS. They do not estimate any regression for
the U.S. and therefore do not inform how the U.S. economv evolves over the
years nor how

it interacts with the Canadian

economy. This paper attempts

to fill this gap in its choice of variables by modelling the U.S. economy as a
relatively closed economy and Canadâ as an open economy. The economic
variables for each regression are then carefully chosen to reflect the relevant

specificity of each economy. For example, since the U.S. dollar serves as an
anchor for a major number of currencies, there is no reason for the Fed to

worry about its fluctuations, therefore the exchange rate does not enter the
U.S. SVAR system.
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The key innovatiors in this paper â,re as follow. First, for the United
States, the structural shocks are recovered from a separate SVAR model of

four variables, including the oil price. This specification differs from existins
analyses

in that it separates out non-oil supply shocks from energy

shocks

to account for their respective impact on the U.S. economy, despite the fact
that they do not enter the Fed's monetary policy reaction function explicitly.
Second, for Canada, the paper not only uses the responses of foreign and

domestic interest rates

to

the U.S. and Canada,

it

assess

the extent of symmetric shocls between

also employs the state space model

in order to

uncover a more robust result about the link between the shocks across the

two countries. Contrary to the approach followed by Artis and Ehrmann
(2000), no restrictions are imposed on the exchange rate shocls in order to

iet the data reveal the patterrs of response and transmission.

4

The Model

The starting point of this paper is the popular downward sloping aggregate
demand (AD) and the upward sloping aggregate supply (AS) model with a
long-run vertical aggregate supply curve (LRAS) found in basic macroeco-
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nomic textbooks. Given a position of equilibrium, a positive demand shock
gives rise

to an increase in output and prices, with output being above full-

employment level.

It

is understood that as pressures amount to increase

nominal wages in order for worker to cope with increased output prices, the
cost of production for firms will increase, thereby reducing AS. The end re-

sult is that output is gradually returned to its previous full emplo¡rment level

but accompanied by a permanent rise in prices.
The situation differs when a positive supply shock occurs. Both the shortand long-run AS curves shift to the right increasing output and decreasing
prices on impact. As the AS curve becomes vertical over time, output further
increases and prices fall even more. In sum, where as AD shocks affect output

only temporarily, aggregate supply shocks have a permanent effect on output.

IIowever, this model is not devoid from anv criticism.

The traditional IS-LM model from which AD is derived has long been
under severe attack for its lack of microfoundations, its restrictive assumption

of price stickiness, and the absence of any role for expectations. Flom the
original contribution of Romer (1999, 2000), emphasis has been put on an
alternative to the IS-LM-AS model whose variant has been found in textbooks
such as Hall and Taylor (1997), and Taylor (1998). The main proposition is
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to replace the assumption that the central bank targets the money supply
with the assumption that

it

follows a simple interest rate

rule. There are

at least two advantages in making this new assumption. First of all,
a more realistic approach since

it

it is

has been empirically found that central

banla in deveioped countries target a short-term interest rate. The works of
[Taylor (1993), Clarida and Gertler (1997), Von Hagen (1995), Bernanke and

Mihov (1997), and Laubach and Posen (1997)] are among the most cited in
the literature in this respect. However, in Romer's view, the nominal interest
rate rule is a rule for the real interest rate. As a matter of fact, in the process
of setting the nominal interest rate, the central bank takes into consideration

the negative effect of expected inflation on real interest rate. As such, Romer
argues

that in the very short-mn, a nominal rate rule

seerns

to be a more

appropriate description of the way central banks conduct policy. However,
since the banks factor information about expected inflation into the target
level of the nominal rate, which is reexamined frequently, they are implicitly

setting the real rate.

The second advantage is derived from the first one.

If

one accepts the

idea that a real interest rate rule is more realistic than a nominal rate rule.

there is only a single rate, the real interest rate, which is consistent to both
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real and monetary sectors.

It

is thus easier to understand that the AD curve

relates inflation and output as opposed to price level and output, eliminating
altogether any confusion about the model's prediction. As Romer postulates,

the real interest rate (r) can either be expressed as a function of inflation,
simply, or as â function of both in-flation (zr) and output (Y). The former can
be depicted as a horizontal line and referred

to

as

the MP curve (for monetary

policy) in a (Y, r) space whose purpose is to keep the model simple and easily

tractable. The latter is rather more realistic in explaining the behavior of
the central banks.

The choice of policy instrument in empirical analysis has always been
a controversy. Sims (1980, 1992) showed that when the federal funds rate

is added to a VAR of money, price, and output, the fraction of the fore.
casting error variance in US output that can be attributed to money stock

innovatiors is lower. Not sruprisingly, the most common identifying assump-

tion in most of his work is that the monetary policy variable is unaffected
by contemporaneous innovations in other variables. Bernanke and Blinder
(1992) have argued in favor

ofthe federal funds rate because in their view it

produces better forecast of output, employment, and corsumption than any

other monetary aggregates and short-term or long-term bonds. Eichenbaum
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(1992) has pointed out that some narrow money aggregate, say M0, is a bet-

ter measure of monetary policy than the federal funds rate because

it

has a

lower price puzzle,a a situation common to other studies on Fbance, Germany,

Japan and United Kingdom. The most commonly accepted explanation of

the price puzzle is that

it

reflects the fact that monetary authorities do not

usually possess perfect information and therefore do not respond promptly

to prevent in-flation. One way to get around this problem according to

Sims

(1992) is to include a commodity price index or other prices in the VAR.
However, these price effects may be reduced but not completely eliminated.

McCallum (1993) argues that since a short-term interest rate is the policy
instrument used by Fed and the correct measure of monetary policy shocks
is the residual in a reaction function for the same interest rate, the fact that

the policy irstrument only depends on lagged macroeconomic data offers the
advantage that the residual not being a mixture of policy shock and other
shocks, as

it occurs when a monetary aggregate is the instrument of monetary

policy.
aThe price puzzle is that in a VAR of output, prices, money, interest rate, contlactionary
shocks to monetary policy leads to persistent price increases, which are more pronounced
when the policy instrument is the short-term interest rate rather than a money aggregate.

It

appears that although the price puzzle is not always significant, it is stil important
it implies that the VAR might be misspecified fsee Walsh (1998), pp. 26-28]

since
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As evidenced by many empirical findings [Taylor (1993), Rudebusch (1995),

and Fuhrer (1996)], and as the discussion seems to suggest, in short, for the

United States the key policy instrument over most of the last 35 years has
been the federal funds rate, or in some rare cases, some narro\M money ag-

gregate. In the case of Canada, a recent study by Jean Louis (2002) on
Canadian monetarv reaction ftmction shows that the Bank of Canada has
had a consistent monetary policy over the last three decades with the Bank

rate (not a monetary aggregate) as the main policy instrument, a result that
is independent of whether core CPI or CPI-all items has been used.

Although the choice of the real interest rate as a policy instrument
appealing theoretically for the reasons explained above,
seem

it

is

does not however

to be appropriate for empirical purposes, once it is evident that the

bank rate is being used as the monetary policy instrument. In an SVAR
framework, having both real interest rate and inflation in the system may be
puzzling in that one would factor inflation twice. After all,

it may be the case

that there is not too much insight gained from this peculia,r difference between
real and nominal short-term interest rates. As Dupasquier et

al. purport,

their results do not change whether money rather than prices, or any other
short-term interest rates are used instead. Nonetheless, this paper uses the

31

Central Bank rate as the irstrument of monetary policy for both United
States and Canada.

In its most simplistic form, the theoretical model, as

found in fWalsh (2000), pp.2I3-2L4], can be represented by a three equation
system consisting of an AS, an AD, and a policy ru-le a la Taylor.s
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Where E¿-1 and E¿ are expectation operators based on information avail-

able at different time periods to forecast the level of

output. The rest of

the variables are as defined above, except that

, and €p, are the AS,

ef

,

ef

AD, and policy shocks, respectively. This system can then be solved for the
equilibrium inflation rate, interest rate,6 and output, which are functions of
sThe system can also be modified to incorporate the behavior of the foreign exchange
market along with a term in the policy rule equation to capture the reaction of the Central
Banker to exchange rate fluctuations. In the case of Canada, a policy rule within the line
of Fuhrer and Moore (1995) makes more sense.
6As it is understood, interest rate as policy instrument is exogenously determined. The
idea here is that the monetary authority will set the interest at a level to respond to the
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the disturbances and the parameters of the model.

It

is, then, in this spirit

that the empirical work is carried out. One tries to understand the dynamic
response

ofthe different variables to

a shock in each

ofthe driving forces, and

should therefore (at least) expect the following predictiors [see Gali (1992),.

i) Output and prices to

move in opposite directions due to a supply
due to a demand shock

shock and in the same direction

ii) AD shocks to have short run effects on output and other

real

economic variables.

iii) Policy

shocks are transmitted to the real sector through changes

in the policy instrument.
The main issue with the solution of this model is that the structural
disturbances a,re not observable. Hence,

it

is a priori difficult to

assess

the

validity of its predictions. One way a,round this problem, as proposed in
the literature, is to use an SVAR where the behavior of the variables

is

jointly modelled. In this respect, for Canada, the joint behavior of industrial
production index, Fed funds rate, Bank of Canada's ra,te, CPI, and the real
exchange rate are modelled, while for the U.S., the real GDP, Fed funds rate,

GDP deflator, and the price of oil are analyzed. The Canadian variables
effects of innovations, which is clea¡ when one substitutes the equilibrium zr and y back in
the third equation. Hence, the context of equilibrium interest rate.
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are assumed to be driven by the following shocks: supply, demand, foreign

monetary policy, domestic monetary policy, and real exchange rate. Those

of the U.S. are driven by: non-oil supply, oil supply, demand, and policy
shocks. The next section lays down the SVAR methodology.

5

The Methodology

Following the seminal contribution of Sims (1980), the vector autoregression
(VAR) methodology has been widely employed to carry out empirical work in
macroeconomics.

It has been profiIed

as the

tool that brings consensus among

economists on the debate that centers around the true underlying structure

of the economy, in that

it

addresses

the concerrs raised by Lucas regarding

the inability of large-scale macroeconometric models as tools of forecasting to
account for changes in policy. In a traditional VAR model, all variables are
considered endogenous and there are no identifying restrictions, which leaves

no room for "data mining". Moreover, each variable is treated symmetrically
and is regressed on the lagged values of the other variables. This framework

simpiifies the role of economic theory, which resorts to only specifying the
variables

to be included in the model. However, the VAR approach has
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come under attack by Cooley and LeRoy (1985) who demonstrate that the

Choleski decomposition proposed as identification restriction is based on a

type of recursive contemporaneous structure for the economy that is not in
fact atheoretical but inconsistent with economic theory. They also argue that
the shocks estimated under these restrictions are not

"p*e

shocks but rather

Iinear combinations of the structural disturbances".

In order to address the

issues raised

by Cooley and Leroy (1985), a num-

ber of authors starting with Sims(1986), Bernanke (1986), and Blanchard and

Watson (1986) have amended the traditional VAR by factoring in identifica-

tion schemes that are based on economic theorv. Thev thus imoose short-run
restrictions on the variance-cova¡iance matrix of the residuals obtained from
the estimation of their reduced-form models to recover the structural shocks.

As they have established, these restrictions are classified short-run because
the shocls are considered to have temporary effects on the endogenous variables. Further extensions of the VAR approach to incorporate long-run con-

straint to identify shocks include the contributiors of Shapiro and Watson
(1988), Blanchard and Quah (1939), and Blanchard (1989). This approach is

often referred to as "structural VAR (SVAR) methodology" and is a widely

known and acceptable technique to interpret business cycle issues and to
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identify the effects of different economic policies.
Although this paper empioys an SVAR model with 5 and 4 variables for
Canada and the United States, respectively, for ease of theoretical exposition,

a trivariate model illustrates the details of the technique being used: real

GDP (y) is expressed in logarithm, inflation

(r)

is measured by consumer

price index (CPI - all items) and the Central Bank rate (i¿) [(if) for Canada,
and (i/) for the United States] represents the instruments of monetary policy.T

Upon determination of optimal lag length and testing for stationarity in the
variables, the structural model can be represented as follows:8
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(j)ir ¡ it;

azs

(5)

TThe other reason for relying on a trivariate model to expose the theory is that at the
stage of the determination of the degree of symmetry between the structural shocks across
the two countries one will only pick the three most relevant shocks: supply, demand, and

policy.

sThe details about the SVAR are provided here in order to familiarize the interested
reader with the concept. In a final presentation, one would normally put these equation
systems in the appendix.
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Where ef is aggregate demand shock, ef is aggregate supply shock, and

{

is policy shock. Using polynomial lag operator, the equation system can

be represented in matrix form as:

lbnbn
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Ar,

(L) Arr(L)
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bzs
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a20
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1

;bi

ato

Asr(L)

(L)

Ass(L)

þt- r

Asz

(7)

Let B be the matrix of contemporaneous variables, A(L), the polynomial
lag matrix, Z¿ the vector of endogenous variables and Z¿-1 its lagged values,
and

e¿

the vector of disturbances. Hence, the system can be written

BZt:

Ao

+ A(L)Zt-t

* et

as:

(8)

The infinite Wold moving averagee may be represented by the following set
sAccording to Wold (1938), every stationary process Z¿ can be written as the sum
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of equations
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(12)

shocks in these equations are structural shocks. The sets of co-

efficients r¿¡(k) are called the impulse response functions. For example for

k:0,

4

the coefficient rzr(0) is the instantaneous impact of one-unit change in

on y¿, while rzr(1) and 122(1) axe the one period responses of unit changes

of two uncorrelated processes p,, and fit, Zt : þt * r¿ where p,, (the mean term) is a
deterministic process that can be forecast perfectly from its own past and ø¿ is a process
with MA representatiorl te¿ : R(L)et with e¿ being a white noise process. See Lutkepohl,
H. 1991. Introduct'ion to Multi,ple T'ime Series Analys,is. Springer-Verlag. pp. 20-21
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in

{r-t

and e'r-, otr

y¿, respectively.

In a condersed form, with p being the mean vector of endogenous variables, the Wold moving average can be written as:

Zt:

þ + R(L)e¿

(13)

The variabies are as defined above except that R(L) is the matrix of
the poiynomial in the lag operators with r¡,"being the individual coefficients

of R¡"(tr).For example, the coefficients of R4(tr) represent the impulse re.
sponses of a demand shock on

output. Since it is assumed that the AD, AS,

and policy shocks axe pure shocks and therefore uncorrelated, one can thus
proceed to their normalization, with X being the variance-covariance matrix

of the structural disturbances, var
and cov (ete'r)

(r!) : uar(ef) : aclr(e|) : uar(e) : l,

:0, it is straightforward

that:

uar(fr) cou(efe) cou(efef)
Sr
Frl^ ^/\ _
u _ u\ctct)
-

cou(eiS) uar(ei)

cou(eief)

cou(e!{) cou(efe)

uar(e!)

100
010

*I

001
(14)
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Since the structural equatiors cannot be estimated because the endogenous variables have contemporaneous effects on each other,

it

is recommended

that one transform the system of equatiors into a more usable form. The
reduced form equations obtained are:
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In a more compact form, the system can be expressed

D

as:

Zt:1þo+Iþ(L)Zt-v*et
where 1þo:
2, 3 and n

:

B-LAo:1þnol lþ(L) : B-1A(L) :1þ*ni

1, 2, 3 and

(16)

(17)

with k

:

7,

et: B-l€t.

The estimation of the reduced-form model boils down to applying ordinary least squares (OLS) to each equation separately once the optimal lag
length has been determined to get rid of autocorrelation. There are a number
of techniques available to arrive at the number of lags: Akaike or Schwartz

information criteria, top-down approach, etc. The latter is used in this paper because

it

has been recognized that the information criteria tests tend

to select too few lags and therefore fail to capture the actual error process.
For ease of explanation, the constant terms are dropped from the previous
equation.

It

can thus be shown that:
4T

Zr:rþ(L)LZt-retè 4-1þ(L)LZI: cta /r(t -rþ(L)L) - et---ì
4: (I - rþ(L)L)-Ler.By letting C(L) : (I - ú(L)L)-t, it follows that:
Zt:

C(L)et

(18)

is the Wold moving average representation of the estimated unrestricted

model. or

7f¿

crr(L) crz(L)
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ct

Ut

crr(L) czz(L) czr(L)

-s
"T

i¿

czr(L) csz(L)

czz(L)

D

(1e)

à

In line with Blanchard and Quah, the shocks obtained from the estimation

of the reduced-form equations can be expressed as linear combinations of
the structural disturbances. By correspondence between equation (19), the

MA representation of the reduced-form model, and equation (13), the MA

:

representation of the structurai model,

it

can be established that C(L)e¿

R(L)e¿, excluding the means. As C(0)

:

1 and this relationship must hold

for all t:
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rrr(0) rrz(0)
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ct

"rr(0)

^d

"g(0)

OI

et: R(O)et
Flom equation (18 or 19) it is clear that

R(0) were known. Let

e¿ cou-ld

(2\)

be recovered

if the matrix

fì

be the variance-covariance matrix of the reduced

:

E(ete'r)

form innovatiors.

Q

Since the

íì matrix

:

is symmetric,

().).\

R(0) E (e¿e'r) R' (0)

it

contains m elements along the princi-

pal diagonal and m-j elements along the jth off-diagonal (with

j:

1,2,3) and

one corner element, which total (m2 + m)12 free elements.lO That is, six
free elements in our triva¡iate models. B&Q argue that knowledge about

f,)

and the th¡ee long-run restrictions provide the exact number of restrictions
l0since one uses five and fou¡ variables for the Canadian and U.S. SVARs, ten and six
restrictions are imposed on R(0), respectively.
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needed

to identify the coefficients of R(0). For instance, based on the

sumption that the structural shocks are white noise
shown from the

[E(ere'r):1] it

as-

can be

f) eouation that:

uar(e!) cou(åre) cou(fief)

o-

cou(eifi) uar(e'r) cou(eief)
cou(ef

fr) cou(efe)

uar(ef)

rrz(0)

rrs(0)

rrr(0)

,zz(0)

rzs(0)

rrz(0) ,zz(0)

rei(0) r¡z(0)

r¡s(0)

rrs(0) rzs(0) r¡s(0)

"tt(0)
"rt(0)

"?r(o)+r?2(o)+rfr(o)

"1(0) "r¡(0)
rsz(0)

111(0)r21(0)*

111(0)r23(0)f

rp(0)r22(0)*

r12(0)r32(0)f

ri3(0)r4(0)

r13(0)r33(0)

r21(0)r4(0)*

11i(0)r21(0)*

rp(0)r22(0)t

,ZrQ)+rlr(o)+r223(o)

r13(0)rs(0)
r31(0)111(0)*

r12(0)r32(0)*
r13 (0)r33

(0)

r22(0)ry2(0)-r
r23(0)r33(0)

r31 (0)121

(0)

*r22(0)r32(0)*

r31(o)r4(0) + rlr(o¡ + rfr(o)

r¡(0)r33(0)

The other three coefficients of n(0) could be fou¡id when equations (13),
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(19), and (21) are combined and when matrix

n(I)

is made lower triangular.

This can be accomplished by either imposing short- or long-run restrictiors,

or a combination of both. Let us

assume

for the sake of this theoretical

exposition that only long-run restrictiors are imposed in order to properly

identify the model. The most common assumption are: 1) only policy shocks
can affect the trend of inflation (meaning that supply and demand shocks
have no effect on inflation

in the long-run, which implicitly provides two

restrictions) and 2) demand shocks have no long run effects on output. In
other words, the cumulative effects of demand shocks on output are zeroj
thereby producing three additional equatiors..

Zt : R(L) e¿; Zt : C(L)et;
C(L)R(0)e¿: R(L)

and e¿ : .R(0) Q

è
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C(L) is known from the estimation of the MA representation of the

reduced form model, once the contemporaneous coefficients matrix of struc-

tural shocks, lA(0)], has been identified, it is then straightforward to obtain
1) the structural shocks {"t: A(0)

e¿

è €t:

E(g)-ie¿} and 2) R(L), the

coefficients matrix of the MA representation of the structural model. For

R(L)

:

C(L)R(O). The knowledge of R(L) and the structural innovatiors

then allow to compute the impulse responses from equatiors (9), (10), and
(11), as explained above. Moreover, one can take the variance of each equa-

tion of the system in order to determine the contribution of each shock to
the variance of each left-hand side variable, which is termed variance decom-

position. For example, if one takes the variance of output in equation (10),

it will be possible to demorstrate what percentage is due to policy shock,
supply shock (own shock), and demand shock.

In line with previous studies, the state space model is employed in order

to determine to what extent that shocks affecting Canada are symmetric to
those of the United States. In addition, this paper attempts to advance the

methodology by testing for causality in the Granger sense between shocks
across the two countries.

It

would have been a good exercise to test for

cointegration between structural shocks across the two countries by using
the method proposed by Joharsen and Juselius (1990). However, this is not
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possible since these variables

a¡e found to be stationarv. a situation that

is consistent with the assumption of white noise. Then. the onlv room

lefb

is to use standard time-series method for further analysis. In this respect,

the impulse responses of Canadian endogenous variables to U.S. structural
shocks are explored. The state space model is explained in the subsection
below.

6

Analysis of Shock Symmetry Between Lf.S.
arrd Canada

The state space modell1, originally developed by control engineers, has found
a wide range of application in econometrics, partly due to the fact

that esti-

mation of state space form dynamic models can be carried out by the Kalman

filter and partly

because such models allow for unobserved variables

to be ac-

commodated with observables. The class of unobserved variables accounted

for are: "(rational) expectations, missing observations, unobserved components (cycles and trends), and measurement errors." Generaily speaking, the

state space representation of the dynamics of an

n xI

observed variable is

11For more details regarding this model, see Harvey (1981, 1989).
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given by a measurement equati,on as follows.
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where the state vector dt

:

(o.tt, azt, ast)' is not directly observable and is

assumed to be the component of shocks specific
generated via the Kalman

filter.

across the two countries, and

{,

to Canada. This variable

is

Bo, capttres the relationship between shocks

is vector of disturbances with mean zero and

covariance matrix, G¿. Normally, €¿ : (€rr,€rr,{rr)' contains all other shocks

that originate from the rest of the world. Although o¿ is unobserved, its
movement is assumed to follow an AR(1) process as defined by the following
tran s'it'i o n

equ at'i o n

:

at: Ttdt-t *
where qt is g

x

Tt

(28)

1 vector of disturbances with mean zero and covariance

matrix, Qr. €, and r¡, are assumed to be uncorrelated with each other at any
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period of time. The initial value of the state vector, eo, and the error terms
are taken to be uncorrelated. Hence,

(;:

)

-wNF

(: ;)] ,

t

: L,.'rT

and

E[clsrff:0,

E(as(:t)

:0

t : Lr...rT

The model is estimated by using the method of maximum likelihood
(ML). Following Deserres and Lalonde (1994), positive (negative) values of
the parameter estimaksþn¡:

ffi1

"un

symmetric (asymmetric) shocks. Let

be interpreted as the existence of

H¡n(i : 1,2,3;k : I,2,3) be the

variance-covariance matrix of. a¿, and M1¿ be the variance.covariance ma-

trix of eT" - ¡/(0,1). and be The variance proportion of Canadian shocl¡s
explained by U.S. shocks is given by:

q
17

vi.t

:r--,with
Bn

*

j:

¡ç

(2e)

H¡n

To summarize the methodology so far, the SVAR is only a means to
an end.

It

is used to extract the structural shocks for each countrv. which

are then iater analyzed through state space model to uncover their degree of

symmetry. As can be understood from this methodology, the identification of

the system is crucial to recover the structural disturbances. What restrictions

to impose in order to achieve just-identification and to have impulse responses

that are in line with the theoretical oredictions is the main dilemma that
econometricians have to go through. The identification process is discussed
next.

7

ldentifiring Restrictions

The main issue that a researcher faces in applying SVAR methodology is
the identification problem.l2 This may be due to the fact that there has not
been a consensus in the literature as to what particular set of assumptions

is appropriate for identifying the effects of shocks. There are actually two
competing set of identifying assumptions: short-run restrictions in the line

of Sims (1992), Bernanke and Blinder (1992), and Christiano-Eichenbaum
(1992), or long-run restrictiors as originally applied by Blanchard and Quah

(1989). Building upon the work of Gati (1992), this paper adopts a combil2There are actually three concerns rega,rding the SVAR methodology. The first is
whether the policy shocks extracted really originate from the true policy reaction function
of the Central Bank. The second is the belief that researchers may impose restrictions
that allow them to show results they want the data to support, the so-called data mining.
The third one is the orthogonality restriction needed for the model to work properly.
(For a detailed overview of the SVAR methodolog¡ see Gottschalk, Jan (2001) " An
Introduction into the SVAR Methodology: Idendification, Interpretation, and Limitations
of SVAR models." Working Paper No. 1072. Kiel Institute of World Economics.
ÐI

nation of short- and long-term restrictions.
Since the paper partly aims at differentiating between non-monetary and

monetary demand shocks, and having made

a, case

as the policy instrument; one therefore needs

for the Central Bank rate

to shed light on the

choice

of identifying assumption for the monetary policy shock. The literature, in
this respect, contains a wide variety to choose from. The typical identifying
assumption

in Sims (1980) work is that monetary policy variable is unaf-

fected by contemporaneous innovations in other variables. In later work by
Sims and others, monetary policy is assumed to not a,ffect contemporaneous
mâcroeconomic variables. In Bernanke and Blinder (1992)'s work, monetary

policy is considered to be predetermined and therefore does not depend on
other contemporaneous shock. In some Canadian studies on monetary union,
Lalonde and St.-Amant (1993) and DeSerres and Lalonde (1994) have imposed the restriction that in the long-run monetary policy has no effect on
real variables. Dupasquier et al. (1997) in turn have borrowed from Bullard
and Keating (1995) the identifying assumption that only the policy variable
can affect the trend of inflation. Since the present study is closest to that of

Artis and Ehrmann (2000), similar restrictions are imposed: domestic monetary policy shocks have no contemporaneous effect on either output or the
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foreign policy variable. The rest of the restrictions a,re as follows.

For Canada, the paper allows 1) Iong-term effects of supply shocks on
output; 2) instantaneous effects of only supply and demand shocks on out-

put, 3) no contemporaneous impact of the exchange rate shocks (eÍ) on the
Fed funds rate, and 4) no immediate effects of exchange rate shocks on consumer prices.l3 In the case of the United States, since supply shocks are split

between non-oil and energy shocks and the exchange rate variable is delib-

erately excluded from the regression, the following assumptions are made.
Mlhereas only non-oil supply shocks (ef ) are entitled to have iong-run effects

on U.S. output, both energy (efi¿) and non-oil shocks are expected to instan-

taneously impact output, a Real Business Cycle (as opposed to Keynesian)

theory feature.la The last restriction is that policy shocks are unable to
impact the price of oil in the short-un.
l3The first set of long-term restrictions requires that all but the frrst term of the first
row of the infinite moving average matrix, R(1), be zero. The second set of restrictions
impose zeros from the third to the fifth element of the first row of R(0). The rest of the
zero- restrictions are imposed on the fourth and fifth elements, and on the fifth element
of row 2 and 3 of R(0), respectively.
laThere are a number of shocks that can originate from the supply side, which could
give rise to signifrcant changes in productivity. They include natural d'isasters, oi,l price
'h'ikes', war, pol'it'ical upheaual, strilees, gouernment regulations such as ,import quotas, and
technolog'ical change. Among all, the latter is considered as the driving-force of random
changes in output over the long-term for advanced economies. [See Snowdon, Vane, and
Wynarczyck (1998)]

Ðó

8

Data and Data Analysis

The data for the study cover the period 1961-2000 for Canada and 1961:1
-7999:2 for the United States, and are quarterly. Canadian and U.S. data
were taken from Statistics Canada's CANSIM data base, IMF's International

Financiai Statistics (IFS), Federal Reserves Bank of Saint Louis (FRBSL),
and RATS database. They include industrial production (g), seasonally ad-

justed (IFS), consumer price index (p) '(CPI)' (IFS), the nominal Bank rate

of Canada (zf) - series 814006 (CANSIM), the Federal Reserves funds rate
(i.{)

- series

854408 (CANSIM), real exchange rate (g) computed from re.

lated IFS series, and oil price per barrel (P"o¿) '(West Texas intermediate

- Dow Jones)' (FRBSL), GDP deflator (p-)- (RATS), and Real GDP (9.)
(RATS). Since the data taken from the IFS inherit different base years, they
were all converted
pressed

to a common base, which is 1995. AII variables are ex-

in logarithmic form except for the nominal interest rates and real

exchange rate. \Mith the exception of the real exchange rate, the Canadian

data have been deseasonalized through the TRAMO/SEAT procedure proposed by Gomez and Maravall (1992), which is aiso a subroutine in Eviews

4.0. The entire US data set were also deseasonalized. Figure 1 shows the
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graphical representation of the modified data.

Figure 1 about here

To determine whether the data are stationary, two popular unit root
testsls are carried out on the series as presented on Tables 1 and

2.

These

inciude the Augmented Dickey Fuller (ADF), and the Phillips-Perron tests.

With the exception

of real exchange rate

that

is

stationary (at level), I(0), and

CPI that is integrated of order 2,I(2), on â,vera,ge, all other variables reveal

that, independently that one consider stationarity around a linear trend, or
a constant, or a constant and linear trend, or neither, they are integrated
of order 1, I(1), at the LToIevel of significance. The U.S. variables are I(1)

with the exception of GDP deflator, which is unambiguously I(2). In very
few cases where doubts existed about the proper order of integration of the
variables since different tests give different results, had the correlogram been
used as a determining criterion.

It

also confirms the order of integration of

the variables.
Table 1 about here
Table 2 about here
Given the findings that the variables are integrated of different orders
15For more details about these tests, the advised reader is referred to
the Eviews manual

for Eviews 4.1 and the original papers by these authors.
Ðô

a cointegration test based on Joharsen and Juselius (1990) maximum likeli-

hood estimation for the variables that are integrated of the same order was
carried out for each country. The test shows no evidence of cointegration

in either country, which

con-firms the

unit root tests results. This

ensures

that there is no long-run relatiorship between the variables for which extra
long-run restrictions are needed besides the ones considered. Moreover, the
problem that differencing may lead to distortions in the relationship between

the original variables, a situation endemic to VAR models with cointegrated
variables, is no longer of concerns (for more details, see Lutkepohl, 1991, pp.

350-375). Thus, this makes

it

possible

to employ the VAR approach after

taking the first differences of the variables. Tables 3 and 4 report the results
of the cointegration test.

Table 3 about here
Table 4 about here

The determination of the lag length of the reduced form models is specified on the basis of the VAR Lag Order Selection Criteria found in Eviews

4.0, which indicates the lag order

selected by each criterion. Tables 5 and

6 disptay the optimal lag tength. For the Canadian data (ar,¿{,i,i,p,and" q),
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when a maximum number of 12lags is chosen, the Likelihood Ratio (LR) test
selects 12 lags, the final prediction error (FPE) and the Akaike information

criterion (AIC) select each 5 lags, while the Schwarz information criterion
(SC) and the Hannan-Quinn information criterion select 4 lags. When the
maximum number of lags is reduced to 6, the LR, FPE, and AIC all chose a
Iag length of 6 while the last two criteria suggest 4 lags. A similar pattern is
observed in the U.S.

data, when a maximum number of 12 lags is set, The

LR and AIC select 10, FPE select 5, while SC and HQ suggest only 2 lags.
\44ren a maximum of 6 iags is chosen, the LR, FPE, and AIC indicate an

optimum

of

6, while the SC selects zero lag and HQ gears toward 1. Among

all these tests, the LR is the most recommended and is seemed to be biased
toward choosing the largest number of lags, which in fact can be seen as an
advantage since the objective of the researcher is not to leave out important

information. However, in order to avoid losing degrees of freedom and in
accordance with previous studies, a lag length of 6 is adopted for Canada
and a lag length of 5 is chosen for the U.S. in the estimation phase.

Table 5 about here
Table 6 about here
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I

Ernpirical Results

This section presents the empirical estimation of the structural model in
accordance

with the procedure described above. For Canada, the model

is

specified as a system and is ordered, as follows: (Ly¿,Li,{,Li,i,(Lp¿), q).tu

Each variable is assumed to be driven by supply, demand, foreign policy,
domestic policy, and exchange rate shocks, namely,

(ri, ,f

, eor* ,

1,

ef

). For the

United States, the vector of endogenous variables (Agf , LPo¿t,Azf , A(Api))
are also assumed to be driven by the

structural innovations (e"r, eiot , el,,

$). In

the first stage, the associated reduced form of the SVAR system is estimated
and residual tests are ca¡ried out in order to ensure that

fit for good predictions

(see Tables 7 and

it is stable

and well

8). In the second stage, identifying

restrictions are imposed in order to obtain the impulse responses, variance
decomposition of structural forecast errors, and the structural innovatiors.
Each of these is discussed in more detail.

Table 7 about here
l6Although Dupasquier eú ol. (1997) had made a strong case against inflation being
stationary and this paper indeed finds such evidence, Figure t has demonstrated that
there is no substantial loss of information whether one works with the first or the second
difference of CPI. Yet if one had to take into consideration that CPI is I(2), the variable
that would enter the SVAR of Canada is AAp¿ instead of Lp¿.

ôð

Table 8 about here

9.1

Impulse Response Analysis

The impulse response functions, which illustrate the qualitative effect of

a

one standard deviation shock to each of the endogenous variables, are given

in figures 2 and 3. The graphs include confidence bands of 5% generated
with a bootstrapping procedure. The results for the Canadian system are
by and large consistent with the predictions of the underpinning theoretical
model. The time path is shown in figure 3, where the vertical axis measures
the quarterly impact on each endogenous variable and the horixontal axis the
quarters (time horizon) following the shock. After a supply shock, output
increases, domestic interest rate remains low for several quarters and declines

permanently, prices fall and real exchange rate slightly fluctuates around the

baseline. However, in response to demand shock, output and prices move

in the same direction, interest rates rise and real exchange rate appreciates.

A foreign monetary policy

shock interpreted as a contractionary monetary

policy shows an instant increase in domestic interest rate that lasts several
quarters, which confirms part of the assumption

that Canada (the small

country) reacts without lag to economic events originated from the U.S.
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The effects on the rest of the variables, as Artis and Ehrmann (2000) also
argued, depends on the Bank's of Canada reaction function. There is no
clear pattern to be expected, they may go either way. As to the response to

a domestic monetary policy shock, output displays a hump-shaped pattern

for several quarters, real exchange rate appreciates, and prices drop below
the reference line and rebounds after the second quarter. In the long-run,
domestic interest rate and prices move in opposite directions. The response

of the foreign policy instrument is not surprising, the Fed does not react to
Canada's monetary policy until afber several quarters. The response

to

a

real exchange rate shock, say an appreciation, could be interpreted along the
same

line. It appears to be in accordance with the predictions that a short

rise must occur in output, domestic interest rate, and prices.

Figure 2 about here
Figure 3 about here

\Mithin reasonable doubt, the results found from this exercise approximate
the patterns uncovered by Artis and Ehrmann, which covers a smaller time

horizon. These authors have interpreted the nature of supply and demand
shocks on the basis of the responses of both foreign and domestic interest
60

rates.

It

is their view that

if both

variables move

in opposite

directions,

then the shocks are predominantly as¡rmmetric. In the opposite case, they
are symmetric. One of their key findings was that U.S. and Canada are hit

by symmetric AD and AS shocks, which is common to previous studies by
Ktszczak and Murray (1987); Deserres and Lalonde (1994), and Dupasquier

et aI. (1997).1? This paper confums the findings that both demand and
supply shocks are syrnmetric across the two countries

if one has to pass

judgement on the basis of the same criterion. How robust this result is and

what implications

it entails definitely

space model exercise. Before

depends on the light shed by the state

this, the impulse responses for the U.S.

are

examined based on figures 4 and 5.

Figure 4 about here
Figure 5 about here

Yet again, the impulse responses show that output and prices are inversely

related in the presence of a non-oil supply shock.

At impact, the price of

oil declines and shortly rises to reach a peak in the fifth quarter. After
then

it sharply converges to its long-run path. The Fed funds rate seerns

17AII these studies are based on a smaller sample size.
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to follow a simila¡ pattern but a faster speed. As could be expected, in
resporÌse

to an oil shock output abruptly decline and prices rise (a typical

supply shock effect). The price of oil increases and fluctuate above its lons'

run level for a while.

It

sharply declines to reach its lowest point in the

fi.fbh quarter and quickly rebounds back

to a level higher than the original

impact. The oil price seems to stabilize after ten quarters. The interest rate

in turn declines and later on fluctuates around its trend. In response to

a

demand shock, prices and output move in the same directions, with some
unexpected features in the first two quarters, interest rate increases, the price

of oil reaches a peak at impact and sharply declines. Policy shocks lead to
an immediate jump in interest rate, output quickly falls, prices decline and

the price of oil temporarily declines in the first quarter and quickly reverts

to reach a peak in the fourth quarter. With the exception of some of the
initial

responses, which are direct implications of the restrictions imposed, the

impulse responses seem reasonable. Aggregating all 28 quarters, the overall

result shows that technological change has permanent effects on output, an

oil shock has long-run effects on the nominal variables, and a policy shock
can alter the trend of inflation.

62

9.2

Variance Decomposition Analysis

While the impulse responses provide information on the effect of a structural
shock, they do not indicate the extent to which this shock contributes to the

fluctuations observed in the endogenous variables. The variance decomposi-

tion serves this purpose. It

assesses

the relative importance ofeach structural

disturbance to each variable. The forecast-error variance decompositions for

both countries are given in Tables 9 and 10 and in Figures (6 & 7) and (8 &
9) for Canada and the United States, respectively.
Table 9 about here
Table 10 about here
Figure 6 about here
Figure 7 about here
Figure 8 about here
Figure 9 about here

For Canada, supply and demand shocks account for much of the variability in output with domestic monetary policy shocks being negligible in
comparison to the remaining shocks. The most striking result is that domes-

tic monetary policy shocks account for L.79 percent or less of output variance
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at all reported horizoris, a finding that is at odds with previous studies by
Deserres and Lalonde (1994)

-

17 percent, Dupasquier et

al. (1997) - 49 per-

cent , and Artis and Ehrmann (2000) - 5.72 percent. The implication is that
one cannot solely rely on monetary policy to reject the idea of a monetary

union. In few words, this result sends a strong message that monetary policy
is not as important as one might think to mitigate the effects of shocks for

the period corsidered. As

it

become evident, U.S. monetary policy shocks

are more important than Canada's domestic policy shocks in terms of their

contribution to the variance of output. Table 9 also shows that AD and
foreign policy shocks are important in accounting for variability in the Fed
funds rate. As could be predicted from the assumption about the U.S. as a
large country, Canada's policy shocks start having considerable effects on the
Fed fund rate in the eighth quarter while the exchange rate shocks continue

to produce no signifi.cant impacts even afber 28 quarters. As for the Bank
of Canada's rate, all the structural shocks are important in explaining its
variability at various horizons. However,

it

is worth emphasizing that U.S.

and domestic policy shocks câxry more weigths. In the long-run, AD, Real
exchange rate, and supply shocks dominate the picture in an orderly fashion.

Most of the variation in the price level is due to supply and demand shocls,
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with foreign policy shocks being more relevant than domestic policy

shocks.

In the case of the United States, Table 10 shows that oil shocks largely
contributes to output variation and the effects of policy shocks âre even more

important than those of demand shocks. Technological (or non-oil)

shocks

play a major role in the forecast error va¡iance of all the variables. Demand
shocks explain most of the variability in the price of oil but

little of the

Fed

funds rate and the price level. Supply shocks (technological and oil) in general
and policy shocks are the main driving forces behind the behavior of these two

series. fn sum, the results demonstrate that, contrary to the identification
assumption, oil shocks do have permanent effects not only on output but on

the entire variables explaining the working of the U.S. economy. As opposed

to Canada, U.S. monetary policy shocks have real effects on output and these
effects become more important at a longer forecast horizon. The surprising

facts, however, are that 1) demand shocks seem to be almost irrelevant for

output, the price level, and the monetary policy instrument; and 2) the longIasting effects of policy shocks on the price level, which economists refer to as

price puzzle. This may be due to the inability of the model to fully capture

the dynamics of the GDP deflator over time.

oo

9.3

State Space Analysis

The state space model was estimated in order to determine the degree of
symmetry between the two countries. For this purpose, the shocks (supply,
demand, and monetary) common to each SVAR estimation were chosen. Fig-

ures 10 and 11 show the behavior of these shocks over time. As expected,

all are stationary with mean zero and variance more or less equal to

one.

However, when one adequately implements the state space technique, the

output obtained proved to be useless for any inference, standard errors were
extremely large. To get around this problem, the single exponential smooth-

ing methodls was applied to the disturbances. This method seemed to be
appropriate because

it

is a simple method of adaptive forecasting, which is

useful when the series move randomly

in the neighborhood of a constant

mean with no trend nor seasonal patterns as depicted in Figures 10 and 11.

The smoothed disturbances are presented in Figure 12. Four state spâce
model estimations were carried out (AD_Canada. vs AD_US; AS_Canada

vs AS_US(oil), AS_Canada vs AS_US(non-oil), Policy_Canada vs Policy_US). The results a¡e shown in Table 11. As stated above, a positive
isFor more details on smoothing methods, please consult Eviews manual pp. 182-193.
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(negative) sign of the slope coefficients dictate that the two shocks are sym-

metric(asymmetric). Since a Time.Varying Parameter Modelle within the
State Space models family is the one that best suits the data at hand, the
slope coefficient as well as the intercept are a composite of two terms: a fixed

coefficient and a state variable. In each case, the sign is determined when
these two terms are added. In sum. this exercise reveals that svmmetrv between the AD shocks and between the AS shocks oniy exist afber a one-lag

period but not contemporaneorisly as explained above. The decisions about
whether AS_Canada and AS_US(oil) shocks or policy shocks are symmet-

ric or as¡rmmetric are inconclusive because the state space model does not
converge even after 1000 iterations. In other words, the state space exercise

indicate that nonmonetary AD as well as AS shocks take up to a quarter
before their effects could be felt in Canada.

Table 11 about here
Given the difficulties that emerge fromt the state space analysis, other
statistical techniques have also been used in order to assess the degree asym19In order to run this model, one has to choose a structure for the state equation
that

may either be random walk, or constant mean, or AR(1) and constant mean. The last
option should be selected when "one believes that shocks to the random coeffi.cients have
some persistence, but that the coeffi.cients eventually return to their mean values.t' (Eviews
manual, pp. 526)
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metry of the shocks. A summa¡y is provided in Table 12. The contingency
coefficient20 reveals that the nonmonetary AD shocks (6I.47 percent) as well
as

the AS shocks (55 percent on average) are higtrly associated across coun-

tries, while policy shocks are not, when a

Il2

rule is used as a benchmark.

The cross correlation at different leads or lags clearly indicates that the AD
shocks and the AS shocl¡s are positively correlated, whereas the policy shocks

are negatively correlated. These exercises irrefutably confirm the SVAR re.

sults. F\rrther information is provided through the Ganger causality test,
which demorstrates among other results that AD shocks in the U.S. Granger
causes

AD Shocks in Canada.

Table 12 about here
Given these results, one can now

try to arswer the question that is at

the center of this research and that has been at the forefront of the debate
on monetary union between United States and Canada. Do the behavior
of macroeconomic shocks favor monetarv union between the two countries?
'When

a monetary union arrangement between countries of similar size

is

being investigated, one should carry out the analysis in both directions. This
20The interpretation of the contingency coeficient is similar to that of the simple
correlation. It is now a standard procedure in Eviews 4.0, which the interested reader
could easily consult any time. Nonetheless, all the details are provided in Essay 3 where
this concept is most relevant.
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would mean, in this context, that one should consider whether monetary
union is a good move for Canada and for the United States as weli. However,
when one country is large and the other is small, the large country has almost

nothing in jeopardy, which may explain why the literature does not really
focus on the risks involved for the U.S.. The present study goes in line with

this belief, and attention is only paid to Canada (the small country).

It

is common to find in the literature that the real exchange rate serves

as a shock absorber and has been proven to be important in the conduct of

monetary policy in Canada. However, the fact that after 28 quarters only

2

percent of real exchange rate variance is due to supply shocks, while 78.79
percent of the variability

in output is explained by supply shocks, points

to the real exchange rate not performing its role as a shock absorber for
the Canadian economy that the optimal currency literature has advocated.

In this respect, this paper agrees with Melitz (1996) that, if exchange rate
fluctuations are the main concern, a common currency is, within reasonable
doubts, the appropriate cure. This research, however,
one

stil

leaves room for

to combat the idea of monetary union by relying on the

of supply shocks implied by the impulse responses (see Figures

asymmetry

2

the last

quarters). But the most important point is, since supply shocks explain not
69

much of the variations in the domestic policy instrument,

it

does not really

matter whether these shocks at the end of the forecast horizon are symmetric
or asymmetric because little can be done about them under either a coûlmon
or independent monetary authority. Moreover, US policy shocks account for

a large portion of the Bank of Canada's rate (49.95 percent or less at all
horizons) and have more effects on output and the price ievel than Canadian

monetary policy shocks. All these seem to suggest that the loss of monetary

poiicy independence along with the loss of the exchange rate as a shock
absorber may have been exaggerated by previous studies. There is no great
loss involved for Canada

in pursuing moneta.ry union with the United States.

In summa¡y, the findings of this research support monetary union between
the two countries.

10

Conclusion

This paper has studied the behavior of macroeconomic shocks between United
States and Canada in order

to determine whether these shocks favor mon-

etary union between the two countries. In accordance with the literature,
the paper has focused on the relevance of shocks symmetry.

70

It

employs two

econometric techniques

to have a thorough understanding of the issue at

hand. One is the Structural Vector Autoregression (SVAR) approach, which
is used to extract the structural innovatiors affect each countrv. and the other

is the State Space model that enables the researcher to identify these shocks
as symmetric or asymmetric. The variables were carefully chosen

to reflect

the dynamics of each economy. The U.S. economy is modeled as a large but
relatively closed economy while Canada is considered as an open economy.
The paper has used an SVAR(5) for Canada to trace out the responses to
structural supply, demand, U.S. monetary policy, domestic policy, and real
exchange rate shocks for the period 1961Q1 - 2000Q4. However, an SVAR( )

for the United States traces out the responses to structural non-oil, oil supply,
demand, and policy shocks and covers the period of 1961Q1

- 1999Q2.

The

identifi.cation of the models is achieved by imposing both short- and long-

run restrictions. The observed dynamic adjustments of the variables of each
model are by and large corsistent with the underpinning theoretical mode..
Among other results, for the United States, monetary policy is relevant for
economic adjustments. For policy shocks even play a greater role than AD

in the variance of output. As for Canada, the forecast-error variance indicates

that domestic monetary policy and exchange rate shocks in Canada
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have no significant impact on output and are pretty much less relevant than

U.S. monetary policy shocks. AD shocks are found to be symmetric but AS
shocks are

not. This result is confirmed by the State

Space model estima-

tion. Therefore, there is ample ground to believe that the loss of monetary
independence along with the flexible exchange rate system

will not

impose

substantial loss on the Canadian economy as other studies predict. In sum,

this paper argues that if the decision to enter a monetary union arrangement

with the United States could solely be based on shocks symmetry and the
relevance of domestic monetary policy, Canada is free to pursue such a goal.

A word of caution is always necessary in any empirical analysis. Aithough

this paper is based on a sample period larger than any other studies from the
literature reviewed,

it

is not known whether the choice of different identifi-

cation assumptions could substantially alter the results and lead to different
conclusions. Fþom the few that have been tried, the results seem to be ro-

bust. Since the SVAR technique in itself is not free from any weaknesses and
is a controversial tool, this paper could not definitely be immume.
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Variables
Ycan
Frate
Brate
CPI

Table l.
Unit Root Tests - Canadian Variables
ADF
PP
Level Difference Order Level Difference Order
-2.32
-5.92
r(1)
-2.20
-9.81
r(1)
-2.48
-2.42
-1.90

-10.35
-9.94

(1)
(1)

-3.06 +

r(2)

-2.62
-2.10
-2.43

-11.38
-9.71
-4.29

Ifl)
It1)

(1)

Decision
r(1)
I(1)
r(1)
r(2)

-1 1.16 ++

Real Exc. Rate

-3.46

-8.34
r(0)
r(0)
r(0)
A constant, a time trend and a maximum lag of 13 are included in the OLS regressions
for all variables. Sample period covers 196l:1 - 2000:4. Criticøl values are based on
McKinnon (1996) : Io/o: 4.017, 5% : 3.44, I0%: 3.14. Keys: *,first dffirence; f f,
second difference.

Table 2.

Variables
Frate
Oil Price
GDP Deflator

Unit Root Tests - USA Variables

ADF
Level Difference

PP

Order

-2.47

-10.1

1

(1)

-2.r3

-10.56

It1)

-2.66

-r.6s +

r(2)

Level
-2.60
-2.06
-2.92

Difference

Order

Decision

-1 1.30

r( 1)

Ifl)

-10.51

I(1)

Il1)

-2.88 +

r(2)

f(2)

-r3.3r ++

-18.3s ++
-0.81
Real GDP
-9.01
Ifl) -0.92
-9.20
r(1)
r( 1)
A constant, a tíme trend and a mmimum lag of l3 are included in the OLS regressions
for all variables. Sømple period covers I96I: I - 2000:4. Critical values are based on
McKinnon (1996 : IoÁ: 4.017, 5%: 3.44, I0%: 3.14. Keys. *,first dffirence; f *,
second difference.

Table 3.

Cointegration Test

-

Canada's Variables

Date: 09/26103 Time: 13:50

Sample(adjusted): 1 962: 4 2001:4
Included observations: 157 after adjusting endpoints
ïrend assumption: Linear deterministic trend (restricted)
SeTies: YCAN_SA FRATE-SA BRATE-SA

Lags interval (in first differences): 1 to 6
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Unrestricted Cointegration Rank Test
Hypothesized

Trace

5 Percent

1 Percent

No. of CE(s)

Eigenvalue

Statistic

CriticalValue

CriticalValue

None

0.1 07569

36.14916

42.44

48.45

At most I

0.074961

18.28153

25.32

30.45

At most 2

0.037791
6.048131
12.25
16.26
*(**) denotes rejection
of the hypothesis at the 5%(1%) level

Trace test indicates no cointegration at both 5% and 1% levels
Hypothesized
No. of CE(s)

Eigenvalue

Statistic

5 Percent
CriticalValue

CriticalValue

None

0.1 07569

17.86762

25.54

30.34

0.074961

12.23340

18.96

23.65

At most

1

Max-Eiqen

1 Percent

At most 2

0.037791
6.048131
12.25
16.26
*(**) denotes rejection of
the hypothesis at the 5%(1%) Ievel

Max-eigenvalue test indicates no cointegration at both 5% and 1% levels

Table

4.

Cointegration Test - USA Variables

Date: 11108102 Time: 18:18
Sample(adjusted): I 962:3 2000:4
lncluded observations: 154 after adjusting endpoints
Trend assumption: Linear deterministic trend
Series:YUS POIL FRATE
Lags interval (in first differences): 1 to 5
Unrestricted Cointegration Rank Test
Hypothesized
No. of CE(s)
None

At most 1
At most 2

Eigenvalue
0.089587
0.058460

0.011440

Trace
Statistic
25.50247
11.04855
1.771873

5

Percent

1 Percent

CriticalValue CriticalValue
29.68
15.41

3.76

35.65
20.04
6.65

*(**) denotes rejection of
the hypothesis at the 5%(1%) level
Trace test indicates no cointegration at both 5% and 1% levels
Hypothesized
No. of CE(s)
None

At most 1
At most 2

Max-Eigen SPercent lPercent
Eigenvalue Statistic CriticalValue CriticalValue

0.089587
0.058460
0.011440

14.45392

20.97

9.276677
1.771873

14.07

3.76

25.52
18.63
6.65

*(**) denotes rejection of the hypothesis
at the 5%(1%) level
Max-eioenvalue test indicates no coin
at both 5% and 1% levels
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Table 5 Lag Length Determination -- Canada
VAR Lag Order Selection Criteria
Endogenous variables: D(YOAN_SA) D(FRATE_SA) D(BRATE_SA) D(D(cANcptsAB))
LR

FPE

Atc

NA

0.009469
0.005090
0.004830
0.004283
0.004183

9.529604
8.908704
8.855400
8.732702
8.704517

-738.3091
-664.8789
-635.7212
-601 .1507

62.04960

-573.9524

47.07413

141.2119

54.20342

SC

9.627356

9.569307

9.495215.

9j46920*

9.930670

9.292128

10.29673

9.367943
9.538271

10.75731

-543.6700

50.47063*
0.003939.
8.636795.
11.17834
36.84834
0.004086
8.662521
11.69283
* indicates lag order
selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwaz information criterion
HQ: Hannan-Quinn information criterion

-520.6766

Table

6.

HQ

9.669061
o Ro??nn

Lag Length Determination United States

variables: D(USARGDPS) D(OILPRICE) D(FRATE

USADEFLS

LR

FPE

Atc

SC

HQ

-1246.830
-1216.884
-1196.832

NA
57.85596

289.0474

17.09947.

37.64736

226.4070

17.01810
16.82835
16.77323

17.05116
16.99366.
17.07079

-1172.584
-1148.582

44.20754
42.45224
30.38826

202.6244

16.66101

17.71885

17.09082

182.1426
16.55214
17.93547
-1 130.856
178.5759
16.52865
18.23747
-1108.651
36.85748.
165.0203"
16.44423"
18.47854
* indicates lag order
selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error
AIC: Akaike information criterion
SC: Schwaz information criterion
HQ: Hannan-Quinn information criterion

17.11420
17.22296
17.27079

239.1152

17.23521
17.50558
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Table

7

Roots of Characteristic Polynomial
Endogenous variables: D(YCAN_SA)
D(FRATE_SA) D(BRATE_SA)
D(D(CANcPtSAB)) D(O_SA)
Exogenous variables: C
Lag specification: 1 6
Date: 09/26103 Time: 13:27

Root
-0.919860
-0.110765 - 0.848786i
-0.110765 + 0.848786i
0.472871+ 0.700186i
0.472871- 0.700186i
-0.530423 + 0.631486i
-0.530423 - 0.631486i
0.227793 + 0.788721i
0.227793 - 0.788721i
-0.676180 - 0.441303i
-0.676180 + 0.441303i
0.756523 - 0.277413
0.756523 + 0.277413i
0.585839 + 0.512541i
0.585839 - 0.512541i
-0.394230 - 0.665393i
-0.394230 + 0.665393i
0.719446 - 0.274136i
0.719446 + 0.274136i
-0.742885 + 0.157061i
-0.742885 - 0.157061¡
0.052006 + 0.742443i
0.052006 - 0.742443i
-0.184159 + 0.709073i
-0.184159 - 0.709073i
0.351874 - 0.434731i
0.351874 + 0.434731i
-0.481397
-0.227696 + 0.349223i
-0.227696 - 0.349223i

Stabilifv Test - Canada
lnverse Roots ofAR Characteristic Polynomial
1.5
1.0

Modulus
0.919860
0.855983
0.855983
0.844907
0.844907

0.5
0.0

0.824695
0.824695
0.820957
0.820957

0.807445
0.807445
0.805783
0.805783
0.778399
0.778399
0.773411

-0.5

-1.0
-1.5
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

0.773411

0.769905
0.769905
0.759307
0.759307

0.744263
0.744263
0.732598

0.732598
0.559291
0.559291
0.481397
0.416896
0.416896

No root lies outside the unit circle.
VAR satisfies the stability condition.
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Table
Roots of Characteristic Polynomial
Endogenous variables: D(USARGDPS)
D(Or LPRTCE) D(FRATE) D(USADEFLS)
Exogenous variables: C
Lag specification: 1 5
Date: 11108102 Time: 16:53

8.

AR Roots - USA

lnverse Roots ofAR Characteristic Polynomial
1.5

Modulus
0.929833
-0.799965
-0.411001+ 0.681531i
-0.411001 - 0.681531i
0.708442 - 0.349842i
0.708442 + 0.349842i
-0.09983ô - 0.756031i
-0.099836 + 0.756031i

0.r09283 -0.721487
0.109283 + 0.721487i
0.676061

0.314719 - 0.581974i
0.314719 + 0.581974i
-0.487860 - 0.400667i
-0.487860 + 0.400667i
-0.304198 - 0.501495i
-0.304198 + 0.501495¡
0.444430 - 0.312430i
0.444430 + 0.312430i
-0.535753

0.929833
0.799965
0.795868
0.795868

0.790114
0.790114
0.762595
0.762595

0.0

0.729717
0.729717
0.676061
0.661621
0.661621

0.631302
0.631302
0.586544
0.586544
0.543259
0.543259
0.535753

-0.5

-1.5 -1.0

-0.5

0.0

0.5

1.0

1.5

No root lies outside the unit circle.
VAR satisfies the stability condition.
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Canada - Variance l)ecom
tion
Canada
Variance decomposition for output
Demand Shock
U.S. Monetary
Home Monetary
Policv Shock
Policv Shock
89.98
0.00
0.00

Table
à ble 9

Quarter
1

4

Supply Shock
10.02
9.36

8

14.84

l2

35.06
78.79

28

80.57
65.86

9.67

0.18

18.28

48.43

14.38

15.80

4.32

0.77
r.79
0.76

Real Exchange
Rate Shock
0.00
0.20
0.23
0.35
0.32

Variance decomposition for X'ed Funds rate
I
4
T2

7.67
9.98
8.07
6.16

28

3.3 8

I

2.29

4

9.01
12.65

8

8

T2

28
I
4

I

r2.71
9.93
77.09
79.39
74.79

28

71.87
6r.71

1

0.00

4

0.l5

T2

3.47

88.85

I 1.00

78.3r

8.39
6.80
4.88

79.75
80.36

0.00
0.68
3.65
6.56

8r.24
10.41
Variance decomposition for Bank of Canada's rate
T.I7
20.85
50.79
5.67
30.09
36.65
4.42
44.00
24.36
4.33
47.66
20.14
s.09
49.95
14.35
Variance d ecomposition for CPI
2r.15
0.95
0.79
20.06
0.23
0.06
23.t7
r.93
0.03
24.61
30.64

3.08

0.16

3.41

1.86

0.00
0.03

0.r4
0.13

0.09

24.9r
18.58

14.51
15.66
20.68
0.01

0.25
0.09
0.19
2.31

Variance decomposition for Real Exchange rate

8
T2

28

0.00

0.00
3.85
4.39
2.77

46.9s
29.77
23.06

53.04

2.61
63.62
0.18
t3.02
59.34
0.07
20.r8
19.81
57.16
27.57
0.02
t.4l
17.5r
53.48
Note: The numbers across each row may not sum to 100.0 due to roundins errors.
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Quarter

10.

Un ited States - Variance Decom
U.S.A.
Variance decomposition for output
Technological Oil Shock Demand Shock
Shock

able

I

8.84

4

19.03

8

41.76
58.22
80.63

t2
28

91.16
76.83
50.74
34.87
16.02

tion

Policy Shock

0.00

0.00
3.97
6.60
6.16

0.t7
0.90
0.74
0.34

3.01

Variance decomposition for Price of oi
4.76

I
4

0.72
4.77

94.5

0.01

17.43

77.05

8

23.t9

14.43

6t.70

0.75
0.68

I2

22.64
23.03

2t.84

53.74
29.56
42.55
Variance decomnosition for Fed funds rate
1
38.76
22.84
r.73
4
26.36
58.79
0.65
8
17.40
74.80
0.75
T2
12.96
81.20
0.94
28
8.39
86.93
0.91
Variance decomnosition for GDP deflator
I
52.89
4.39
1.83
4
63.61
9.92
0.32
8
55.33
23.r8
0.1 1
t2
47.07
31.25
0.21
28
36.20
38.55
0.53
Note: The numbers across each row may not sum to 100.0
roundins enors.
28

I'able

ll.

State

I

36.67

14.r9
7.04

4.89
3.77
40.88

26.r5
2t.37
21.45
24.71

due to

Results

+ (SV2+C(2))xAD_Shock_USur * e,
AD_Shock_Canada,: C1.85 + l.l7) + (24.61- 15.86)* AD_Shock*US¡-¡
AD_Shock_Canada, = (SV I +C(

L77
4.87

)

AS_Shock_Canada : (SV 1+C( I )) + (SV2+C(2))*AS_Shock_US,-1 + u,
AS Shock Canada= (-0.03) + (L69 -0.86) *AS Shock us,-,
Note:
:
I) SV Finøl value of the state variable, C : fixed
cofficient component, AS Shock_US refers to
technological shocl$.
1\ The state space estimotionþr the policy shocl<s, andþr
L)
oil shockvariablesfailed to converge even after 1000
iterations. The results are not reported here.

Convergence: After
358 iterations
Convergence: After
62 iterations
3) all the cofficients
are significant at the
50Á level.
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State Snace Models
Shocks
Symmetry

Table 12. Overall Results
Corrected Continsency Table
Shocks
AD US AS_us(1) AS_US(2)

Policy
US

AD
AS

- AS(nonoil:1)
AS - AS(oil:2)

YES
YES

AD

NC
NC

Policv

Policv
Lag lLead

AD Shock US

6t.47

Canada

AS_Canada

59.27

49.00
46.49

Canada

Cross Correlations
AS_Shock_US(non- AS_Shock_US(oil)

Policv Shock US

oil)

AD Canada
Las (Lead) 0
Las. (Lead\2
Las (Lead) 4
Las Oead) 6
AS Canada

59.91 (59.91)
61.98 (54.7r\
63.56 (48.86)
64.46 Ø3.46\

Lae (Lead) 0
Las.(Lead\ 2
Las.(Lead\ 4
Las (Lead) 6
Policv Canada
Lae &ead) 0
I-as.

68.81
62.7s
s6.23
s0.38

(68.81)
(67.84)
(s9.47)
(s0.43)

27.57
29.99
32.96
36.63

Q7.57\
(23.80)

(2r.44)
(18.s0)
-28.07 G28.07\
-27.97 G31.26\
-27.s7 G32.72\
-24.51(-31.39)

(Lead\2

Las (Lead) 4
Las [ead) 6
Granser Causalitv Test
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Figure 1. Deseasonalized Data - Canada
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Figure 10. Structural fnnovations
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Abstract
This paper is the first attempt at two pairwise comparisons in order

to tackle the

issue

of monetary union for Mexico with its NAFTA

partners in the literature.

It

is also the flrst research to suggest that

shocks between Mexico and the

united states and between Mexico

and Canada may not be asymmetric. To arrive at this finding, the
paper has extended the work of Lalonde and St-Amant (igg4) (an
SVAR of output, monetary base, and CPI) to an SVAR of 5 variables,

with real exchange rate and foreign policy instrument being the two
new variables. The models are identified by employing an extended

combination of short- and long-run restrictions

in the line of

(1992). Based on data that spans the period 1960Q1

Galí

- 2000e4, the

study shows that the degree of shocks asymmetry between Mexico and

the United States and between Mexico and Canada depends on the
order of integration of Mexico's money stock. This can be seen

as

a setback for previous studies that have uniformly emphasized that
shocks between Mexico and the rest of the NAFTA partners were
asymmetric.

X- Introduction
103

The objective of this study is to understand how macroeconomic shocks between Mexico and its NAFTA partners are related

in order to

determine

whether monetary union is a feasible option between them, ceteris paribus.
The optimum currency area (oCA) literature provides the means by which
countries could be assessed in terms of suitability to such arrangement. They

include measurements such as the size of the economies, degree of openness, trade concentration and

(1961) and rower and

similarity of shocks

as emphasized

by [Mundell

wiilet (1976)]. The determination of the degree of

symmetry between shocks across countries has been so far the most popular

criterion used in empirical works to evaluate optimum crurency aïeas.
Researchers have also rised various methodologies

to uncover the nature

of shocks. Specifically, cointegration analysis and structural vector autore.
gression methodology aided by either contemporaneous cross correlation or

state space space analyses are the most frequently employed techniques in
studies

that focus on the relationship between Mexico and the rest of the

North American countries. For example, Michelis (2002) uses the [Johansen
and Juselius (1990)] cointegration technique and a .5 rule on the cross cor-

relation coefficient of regional and national GDP growth rates across the
three countries to show that a coÍlmon currencv is feasible between Canada
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and the United States, but not between Mexico and the other two countries.

Del Negro and Obiols-Homs (2001) estimate a structural vector autoregression (SVAR) with block exogeneity restrictions to demonstrate among other
facts that disturbances originating in the United States economy have been
the main driving forces behind shocks affecting Mexico. A study by Bayoumi
and Eichengreen (1993), which is based on a combination of SVAR with long-

run restrictions and contemporaneous cross-correlation of structural shocks,
attempts to gauge the degree of shock asymmetry between Mexico and industrial regiors in the United States. They observe that supply shocks are
the most important disturbances in Mexico and that those shocks are negatively correlated with shocks affecting the United States. Therefore, they
conclude that

it

is not in the advantage of Mexico to fix its currency in any

form to the u.S. dollar. Finally, Lalonde and St-Amant (1ggb) extend the
work of Bayoumi and Eichengreen by using a trivariate SVAR to extract the

structural shocks, which are then frtted into a state space model to uncover

the degree of shock asymmetry

â,cross

the countries. They then arrive at a

conclusion similar to Bayoumi and Eichengreen that a monetary union with

the United States would involve substantial adjustment costs for both Mexico
and Canada. Mlhat can be inferred from these studies is that although there
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is a mixed feeling about the feasibility of monetary union between Canada
and the United States, all seem to agree that Mexico does not fulfill the OCA

criteria and therefore must not even contemplate such a union.
The present paper represents an improvement upon the work of Lalonde
and St-Amant (i995) and Bayoumi and Eichengreen (1993) among others in

that it introduces two extra variables: real exchange rate and foreign monetary policy irstrument in the SVAR procedure to account for the interaction
of the Mexican economy with the rest of the North American cou¡rtries. Part
of the contributions of this essay is that

it provides

ans\Mers

to two questions:

1) Mlhat type of shocks are most important for the Mexican economy when

foreign monetary policy and real exchange rate shocl.rs are explicitly modelled

in addition to the usual demand, supply, and policy shocks identified

by Lalonde and St-Amant? and 2) Is

it

possible to arrive at the sâme con-

clusion about the Mexican economy vis-à-vis United States and Canada in
regard to the feasibility of monetary union?

To tackle these issues, the paper estimates two SVARs with five

en-

dogenous variables each, namely, industrial production index, foreign mone-

tary policy instrument,r domestic monetary policy instrument (money stock),
'The Bank of Canada's rate is used in the Mexico - Canada SVAR when Canada is
modelled as the large country while the Fed fund rate plays the same role in the Mexico 106

consumer price index, and real exchange rate. The structural shocks obtained

from each SVAR along with those previously determined from a similar exercise for United States and Canada enter the estimation of a Time-Varying

state space model. This version of the SVAR methodology, which is borrowed from Artis and Ehrmann (2000), entails at least two advantages that
make

it

it

superior to previous work that has used the same technique. First,

enables the researcher to directly model the influence of foreign policy on

the domestic economy in order to uncover the degree of shock asymmetry,
which renders the use of ar¡xiliary techniques such as cross correlation and
state space useless.2 In few words, if foreign and domestic policy instruments

follow the same path when the economy is hit by supply and demand shocks,
then each of these shocks is symmetric across countries. Second,

it allows

the

researcher to factor in the weight that the central bank is assumed to attach

to real exchange rate in setting monetary policy.
Based on data taken from the International Financial Statistics (IFS) of

the International Monetary Fund (IMF) for the period 1960 - 2000 and a
combination

of

short- and long- run restrictiors a la GaIí (1992) to identify

United States SVAR.

2Yet, to con-firm the SVAR findings, this paper uses the
state space model in the second
stage of the empirical exercise.
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the structural model, this pâ,per is the first attempt at two pairwise comparisons (Mexico vs. U.S.; and Mexico vs. Canada) to have found that the

nature of shocks that affect Mexico in relation to Canada and the United
States is sensitive to the order of integration attributed to the money stock

(M1) in the estimation. This result may be a setback for all the studies

that have found Mexico not suitable for monetary union on the basis that
shocks affecting its economy are categorically asymmetric in relation to the

other two countries under consideration. Nonetheless, in accordance with
previous studies, the paper does find evidence of a supply shock dominance

in the dynamics of the Mexican economy. However, foreign monetary policy
shocks were found

to be more important than domestic policy shocks but

less than real exchange rate shocks

in their contribution to the variance of

output, another result that undermines the claims that countries must reject
the idea of monetary union on the basis that monetary policy has real effects
on output.

The rest of the paper is organized as follows. Section 2 presents the
background of the study. Section 3 reviews the literature and illustrates

the model and the methodology. Section 4 describes and analyzes the data.
Section 5 anaþes the empirical results. Finally, section 6 concludes the
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paper.

2

Background

The arguments against monetary union as related to Canada mainiy rest on
the "effect'ilteness" of independent monetary policy and the flexible exchange

rate system, which are believed to have served the economy as an insulator
and a shock absorber, respectively. This view is partly justifiable because the

Bank of Canada is seen as being successful in keeping inflation relatively low

during the 1990s and in designing mechanisms towards preventing cuïrency
crises over the yeaxs. However,

upon the same criteria,

it

if

the Bank of Mexico had to be judged

would have been evident that its track records

have not withstood the test of time and are therefore not that impressive.

Infi.ation has always been high and the economy has been subject to deep
debt, financial, and foreign exchange crises.
Contrary to Canada, Mexico has tried several exchange rate regimes following the official demise of the Bretton Woods system in 1g23.

It

indeed

followed some sort of fixed exchange rate policies to the U.S. dollar in the
1970s

until

1982 and again during the Salinas period (1989-1994). Dur-
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ing both periods, inflation approximates 20 percent on average, a very low
rate when one considers that

it

was above 100 percent in the early and mid

1980s, most precisely before the announcement

of a stabilization program

"Pacto de Soli,daridad Econorn'ico," sponsored by the then presidential can-

didate Salinas in 1988. As evidenced by Figure 1, the growbh of output is
accompanied by a steady inflation rate during these periods. This would
suggest

that Mexico's economy does better under the fixed than under the

floating regime. Nevertheless, in both times, the fixed exchange rate regime
had to be abruptly abandoned at tremendous costs if the following economic

instability and performance are taken into consideration. In light of this siruation, many analysts are led to believe that recent international financial
crises were partly caused by prevailing
gue

that floating regimes

\¡/ere a better

dirty fixed regimes and therefore aroption

[See Sachs and

Larrain (1ggg);

Roubini, Corsetti, and Pesenti (1998)]. This reasoning echoes Fbiedman,s
(1988) arguments for flexible exchange rates that there is no need to require
adjustments in nominal prices when the nominal exchange rate can fulfill the
same task with less distortions in real economic activitv.

Figure 1 about here

The debate on whether fixed regimes are better than floating regimes
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or vice-versa is a very old one. However, what might be understood from
Mexico's economic debacle is that despite fixing the exchange rate

to the

US doliar, the respective monetary and fiscal authorities had r¡sed contraproductive macroeconomic policies such as massive monetary expansion, and

particularly in 1982, loose fiscal policies,

a behavior

that goes against the ver.y

basic principles of currency arrangements [see Rivera-Batiz and Rivera-Batiz

(1994)]. Without being side tracked off the issue at hand,

to note that Mexico had also paid a high price for its

it is also important

careless policy. The

debt crisis that partly arose as a consequence of this mismanagement had a
long-lasting negative repercussion on the productive capacity of the economy.

Even seven yeâxs after, Mexico had to constantly struggle to return to the
pre-crisis levels of industrial production and inflation rates (see Figure 1).
Given this environment,

it

appears very difficult

to

assess

the merits of any

alternative exchange rate regime.
Needless

to say that Mexico has also experienced two episodes of forced

dirty flexible exchange rate regimes:

LgBz

Present. The first episode originated

in 1982 with the debt crisis, specifi-

- 1g88 and December 19g4 to

cally when the government made it public that

it could no longer

service its

obligations. In the face of a huge depreciation, the tasks of the monetary âs-
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thorities partly reduced to pegging the rate of depreciation of the peso, which
were proven deficient in containing inflation. The second episode started in

December 1994 when the depletion of international reserves had reached an

alarming level thereby making

it

impossible for the Bank of Mexico to main-

tain the parity of the peso to the u.S. dollar. At that point in time, the
only choice lefb to the monetary authority was to let the peso freely floar,
a situation that still prevails today. However, the Bank had thereafter on
many occasions intervened in the market to maintain the vaiue of the peso
above a certain critical level.

In the early phase of the economic turmoil,

as

inflation was rising above

20 percent, the government had to offer a higher risk premium

to attract foreign investment. Interest rate

in order

reached a peak of 63 percent,

which could not move investors as they perceived a greater sovereign risk
associated

with doing business in Mexico (see Figure 2). It was not r¡ntil

the concretization of the bailouts by the International Monetary F\:nd (IMF)

and the US government that investors' con-fidence was then reestablished
and since then the state of the economy has improved continuously. Both
interest and exchange rates seem to have stabilized and inflation has settled
around 10 percent [see ECLAC (2001)]. Growth of gross domestic product

LL2

averaged 5%

in 1999 and reached 8% in the first quarter of 2000 [see Barro

(2000)]. However, as Barro also emphasizes, the improvement of the economy
is mainly driven by export-led-growbh strategies that stem from slashed tariffs

under NAFTA and a strong U.S. economy, but not by increases in factor

productivity or technological progress. Therefore, for the short-period of
time that Mexico has experienced the floating regime, there is no strong
arguments that can be made in favor of this exchange rate system. Crudely
speaking, by reading behind Barro's lines,

it

can be argued that the success

of the Mexican economy during the late 1990s and early 2000s is partly

a

matter of luck.
Figure 2 about here
Summarizing the discussion so far,

it

appears that when quasi-fixed sys-

tems (as in Mexico, 19s2-1988) are pïoven to be so disastrous, the merits
of the system are put into doubt. There is uncertainty about how long the

'positive' effects of the floating regimes could last since the costs associated

to doing business in Mexico is rising

as

the currency constantly loses value.

Understandably, it becomes legitimate to try other alternatives.

It

is perhaps

within this context that the actual Mexican government presided by Vicente
Fox is motivated to either dollarize the economy or to enter a monetary union
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with United States and Canada, despite strong Mexican nationalism sentiments [see Barro (2000); skousen (2001), and tr]ancis (2000)]. An eventual
move to either of these arrangements is justified by the repeated economic in-

stability that the Mexican economy has been subjected to over the years. As
the business sector in Mexico contemplates, converting NAFTA into a North
American Monetary Union wouid create the largest market in the world, and
would alleviate Mexico's economic situation by any standard as a developing

country. The question, however, is whether there is an equal advantage for
Canada in signing such arrangement.

Putting the debate into perspective, by the year 2004, NAFTA will enter
a maturity phase in that the 10-year probationary period awarded to each
country to make proper adjustments in some industries (e.g. automobile industry in Mexico) would reach an end. As a consequence, these industries will
be opened to full competition. 3 Nonetheless, the pattern of trade between
member countries has not substantially changed during this period. The

United States remains the most important trading partner of both Canada
and Mexico. More than 80% of each country's total exports accrue to the
3For example, the automobile
industry sector in Mexico, which has been protected since
its creation in 1920s will be opened to competition from both partners. Similar industries
in canada such as the film sector will be subject to the same treatment.
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United States (U S ). Canada does not seem to have had so far any substan-

tial gain from trading with Mexico, though optimistic observers have pointed
to a tendency of increasing trade

[see

Chriszt (2000)]. Since this agreement

was signed in order to provide each member nation better âccess to the others' markets, expertise and technology,

it

is economicaily justifiable to expect

a higher volume of trade between the two countries, even when this could be

translated into a decrease of their U.S. market share under the assumption

of a constant productive capacity. There again, one may still argue that it
would not have been in Canada and Mexico's best interests because they
would have left room for other competitors. Fïom a different perspective,

it

can be understood that a broader trade between Mexico and Canad,a could
possibly lessen their losses against potential economic downturns in the U.S..

In a few words, it can be argued that the expansion of trade between the
two countries carries a cost as well as a benefit. Which one is greater

seeûrs

to be a forgone conclusion. The benefit for going for the big market appears

to outweigh the costs associated to a well
U.S. serves as

a,

diversifi.ed trade patterns as the

pole of attraction for both Mexico and Canada, a behavior

that is well understood within the context of International Tlade Theory.
Commonly accepted arguments in the economics literature to explain pref-
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erential trading tendencies âmong countries include similar manufactured
goods, geographic location, differential labour cost, inflation, and product

quality

fsee

Krugman and Obstfeld (1997)]. Since a iot of ink has already

been spilled on these subjects, this paper does not contemplate further elab-

oration. Nonetheless,

it

is worth mentioning that the geographic proximity,

i.e., u.s. being closer to both countries than they are to each other, frày
be a reasonable explanation for the lack of trade between the Canada and
Mexico.

Is

it

perhaps fair to reason that,

if the existing prevaiiing trade patterns

were to continue even under a monetary union arrangement, there would be

no incentive for Canada to join with Mexico as a partner. Put differently,
had Mexico and the U.S. decided to form a monetary union, would Canada
have stepped aside? Answers

to these questions are likely to be found if

one looks in retrospect to the factors that have motivated Canada

NAFTA besides the fact that

it

it

expected

sign

had already signed a free trade area (FTA)

with the United States in 1989.
move not because

to

It is believed that

Canada made such a

to gain so much from trading with

Mexico

but rather because it was eager not to lose its U.S. market share as the most
important trading partner of the United States. Building
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a,

case

for monetary

union along the same line, ceteris paribus, seems to suggest that Canada
may eventually enter a monetary union with the sole objective to protect its
interest in the U.S. market. If

it

is true that a monetary union between U.S.

and Mexico would eventually displace Canada in the U.S. market, then

it is

rational to believe that Canada would be compelled to protect its interest,
even when this means signing a monetary union. Therefore, the answer to

the question is a simple no. Moreover,

it

is unrealistic to believe that Mexico

does not represent an economic th¡eat to Canada. The fact that Mexico is a

developing country with very cheap labor does constitute an impediment for

the Canadian economy as some established firms on Canadian

soiL may be

tempted to move their plants to Mexico in the sake of higher profits. Then,

if one believes in factor price

equaiization, a monetary union will have the

advantage of stabilizing employment across member countries as factors of

production will move freely to this end. In this respect, Canada might expect

to gain from common cuffency arrangement with Mexico.
At this point, it is also important to note that research on whether shocks
that hit each NAFTA member country are symmetric or asymmetric for the
feasibility of monetary union are mostly reievant for the Canadian economy

only. on the one hand, the united States is already a major player with
tr7

a very strong currency that serves as a store of value and that facilitates
transactions at the world level. On the other hand, Mexico's economy is the
most problematic. Its economy is characterized by low purchasing power for

the average worker, slow productivity growth, and a lack of confidence from
international investors due to the risk associated with the peso.

It

may stili

be argued that these features of the economy are not that relevant due to the

fact that investors have ways to overcome these barriers. For example, at the
national level, traders and investors may be able to hedge exchange-rate risk

by either quoting their goods in U.S. or Canadian dollars, or by dealing in
the derivatives market. However, menu costs and the cost of hedging in most
cases are extremely

high. At the world levei, if one puts aside, for the

sake

of argument, the constant threat that Brazil, Argentina, and Chite represent

for Mexico in competing for foreign investment, many small competitors in

Latin America such as: Panama (since 1904), Ecuador (in 2000), and Ei
Salvador ( January 2001) have already adopted the U.S. dollar as their legal

cirrency, thereby making their markets a more stable environment in which

to carry out business. When all these factors are taken into account there
may be some legitimacy in profiling Mexico as a country in need of an anchor.

To the extent that this is true, then the degree of shock asymmetry may be
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relegated

to a secondary role, not to say it

becomes irrelevant. Canada,

however, is the only country that has so far been reluctant in pronouncing

in favor of the monetary union between the three countries because it still
adheres

to the notion that an independent monetary policy along with

flexible exchange rate regime is a better shock absorber for the economy.

is therefore in this idea that this paper is written.

a

It

It seeks to understand

whether shocks between Canada and Mexico and United States and Mexico
are symmetric. Since the SVAR methodology used enables one

to

recover

the structural shocks for the Mexican economy, the paper also looks at the
relationship between the shocks by using the Time Varying parameter of
the State Space models as a means to confirm the SVAR results. The next
section gives a brief overview of the literature and presents the underlying
model that one believes capture the dynamics of the Mexican economy.

3

Literature Review

This section reviews the literature on monetary union between Mexico and
the rest of the NAFTA partners. Not surprisingly, even though contributions
on debt and currency crises abound the literature þee Lustig (1992), Larrain
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and Selowsky (1991), Alesina and rabellini (lggs), and Dornbusch (1gg9),

Baig and Goldfajn (199s), warner (1998), Flood and Marion (19gg)], few
pâpers with different approaches have been written on the subject of mone-

tary union. There is a qualitative stance mostly taken by columnists such

as

trYancis (2000), Barro (2000), and Skousen (2001), which mostly deals with

the issue of dollarization as opposed to monetary union. Since the objective
of this paper is to understand how shocks in Mexico are related to those of
Canada and the United States, and given the fact that the views expressed

in these articles axe more of personal value judgments, there is not much that
can be inferred from these contributions. As can be understood from their
context, these opinions seerns to have emerged in response to the calamities
of the Mexican economy.

A very eclectic paper by Chriszt (2000) stands above these criticisms in
that it is a thorough and objective analysis ofthe issue of cuïrency arrange.

ment for the North American countries which

shed lights on the merits of

both dolla¡ization and monetary union for each integrating member. Chriszt
determines whether dollarization or monetary union is appropriate to Mexico

and Canada by applying the criteria of the optimum currency areas (oCA)

to their case. As stressed by Mundell (1g61), OCAs regroup courtries or
I20

regions

that are linked by the trade of goods and services and by financial

and labor mobility, which make them suitable to join in a single currency
arrangement. Citing the work of Tower and Willet (1976), the author also
noted that

it

was until later that economists had envisaged to develop a set

of criteria for measuring OCAs, which includes i) the size of the economv
computed as ratio of domestic to foreign output;

ii) the degree of openness

measured as the ratio of total trade (imports plus exports) to domestic out-

put; iii) the trade concentration; and iv) the similarity of shocks. on the
basis of these criteria and following Williamson (2000), Chriszt uncovers the

following facts

: i) Canada's

economy equals 7 percent of total u.S. GDp

while Mexico's economy is just over b percent of the same; ii) Canada

is

more open than Mexico with total trade accounting for 70 and bg percent

of GDP, respectively; iii) Canada and Mexico mostly trade with the United
States, around 80 and 81 percent, respectively;a and

iv)

Canada and the

United States respond similarly to economic shocks while Mexico and the
U.S. respond differently to shocks. However, the main difference between

the two economies in their relationship with the United States stems from
aThough very minuscule,
this small difference in trading would indicate that Mexico is
getting more ground in the U.S. market than Canada. It is within this context that the
paper argues above that Canada may be compelled to enter a monetary union if it feels
that it is being displaced by Mexico or other competito¡s.

T2T

factor mobility. The author further observes that although capital flows rela-

tively freely across the three countries, labor is yet immobile mostly between
Mexico and the United States, a situation that can be explained by the large

disparity in economic development between the two countries. By taking
into consideration the OCAs criteria, Chriszt agïees with Williarnson (2000)

that Canada

appears

to be much more

sui,ted

for joi,ning the

Uni,ted, States

'in a s'ingle currenca arTangernent than does Meri,co. But he also recognizes

that Merico appears to be mou'ing closer to futfilting OCAs criteria. This
is approximately the kind of conclusion that one would expect just by pure
observation.

F\rlfilling the OCAs criteria is just a step towards qualifying a country
for a single currency

area,

or a multicurrency area with fixed exchange rates,

which Mundell (1961) refer to as oCA. The question that arises, however,

is

if a country

had to decide for a single currency, shouid

it

opt for dol-

Iarization or monetary union? This is where Chriszt (2000) contribution is
most interesting. In fact, he goes about assessing each option on the basis of
seigniorage, U.S. interest premium, lender-of-last resort, and monetary pol-

icy issue. In terms of seigniorage, he shows that under dollarization countries
adopting the U.S. dollar entirely forgo these revenues while u¡rder monetarv

L22

union they would receive a share based on an upon agreed formula. With
respect

to U.S. interest premium, which he demonstrates to be higher for

Mexico than for Canada, he contends that both options, dollarization and
monetary union, can reduce its size considerably but the sovereign risk, that

is risk associated to a country's solvency track record, is likely to remain
higher under dollarization. In regard to the role of lender-of-last resort that
incumbs to the monetary authority, Chriszt notes that the central bank would

no ionger be abie to issue currency under dollarization but would definitelv
survive under monetary union since the newly created banking irstitution
would fulfill a role similar to that of the European Central Bank (ECB). In
terms of monetary policy, the author argues that

it would

be imported from

the United States under dollarization while its development and implemen-

tation would be shared with the members under a monetary union. This
cost-benefit analysis leads Chriszt (2000) to conclude that monetary union
represents a better option than dollarization for all the countries, including

United States since it may now be forced to return 85 percent of net seigniorage gain

to countries that dollarize in accordance to a legislation introduced

in the U.S. Senate in

1999.

Although Chriszt's paper is very useful in addressing the reievant issues
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to monetary union,

it

only scratches on the surface the most relevant ques-

tion, which is whether shocks between Mexico and each of the remainins
NAFTA partners are sJ¡mmetric or asymmetric. Chriszt argues that Mexico
and the United States respond differently to shocks (which would imply that
shocks âre asymmetric between the two) partly because Mexico is a major

oil-exporting country that is frequently subjected to financial market disturbances and the U.S. is a major oil-importing country

that plays a pivotal

role in setting international interest rates. What can be understood from
his argument is that since the two countries operate in different sides of the

market, they are affected by different shocks. But the ansv/er to this issue
can only come about through an empirical estimation.

At the empirical level, there are main-ly three strands of the literature.
The first one consists in estimating single equations in the line of
[Calvo and
Mendoza (1996); and Kamin and Rogers (1gg6)], the second one focuses on
correlation and cointegration analyses while the third one makes use of struc-

tu¡al vector autoregression (SVAR) technique. Attention is paid to the last
two lines of research in this literature review.

In his study of a monetary union in North America, Michelis (2002) carries out a regional analysis in the line of Bayoumi and Eichengreen (1gg4)
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that

covers eight U.S. regiors, four Canadian regions, and Mexico. He fo-

cuses on correlatiors of real GDP growbh rates across the regions as well
as cointegration analysis on variables

that a¡e relevant for convergence cri-

teria, similar to the ones adopted by the Maastricht Tleaty. In few words,

the author looks at the long-run co-movements of a) regional GDp growth
rates, b) short- and long-term interest rates, c) nominal exchange rates, and

d) inflation rates. Based on data that spans the period 1g50-1ggg, MicheIis found that the cross correlation coefficient of regional and national GDp
growbh rates between Canada and the U.S. surpasses by a large margin a b0

percent cut-off point that would be required to either accept or reject the
idea of optimum currency area (oCA). However, he noted that the same
could not be argued for Mexico. This led him to conclud.e that a com.mon
currency may be feasible between the two countries but

it

is less likely that

such arrangement would include Mexico. The main drawback of this studv

is that

it

does not inform how shocks between the countries are related. In

addition, there also exists the risk of spurious correlation as Canadian and
U.S. data may have the same underlying trend and Mexican data may have a

powerful inflationary component that causes nominal variables to appear to
be correlated even if they are not [see Ramanathan (2001), and Studenmund
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(2000)1.

A study by Del Negro and obiols-Homs (2001), which borrows cushman
and Zha's (1997) small open economy model framework, investigates the usefulness of monetary policy for Mexico by estimating a vector autoregression

that is composed of two blocks. The fust block includes domestic variables
such as exchange rate, money supply, interest rate, price level, and output

while the second block includes foreign variables from the United States (a
proxy for the rest of the world), namely, index of international commodity
prices, output, general price level, and interest rate. In order to identify their

vAR, they impose a block exogeneity restriction, which implies that none of
the domestic variables have either contemporaneous or long-run effects on
any of the foreign variables (the small vs. big country assumption). The au-

thors used monthly data from the period of 1g76

- lgg7, which they divided

into four sub-periods to take into accou¡rt the sudden stops of exchange rate
regimes. Their research reveals

that i) erogenous

shocks to monetary poti,cy

haue had no 'impact on output and prices; i,i,) most of the shocks origi,nated,

in

the forei,gn sector; üi,) di,sturbances ori,gi,nati,ng 'in the (J.5. economg haue

been

a more 'important source of fl,uctuati,ons for Meri,co than shocks to

oi,l

prices. This study however does not inform one about the nature of shocks
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between Mexico and the U.S. and is completely silent as to the relationship
between Mexico and Canada in this respect.

Early studies by Bayoumi and Eichengreen (1gg3) and Laionde and St-

Amant (1993) seem to have addressed the criticisms raised in this paper
with respect to the works of lChriszt (2000), Michelis (2002), Dei Negro and
obiols-Homs (2001)]. In fact, Bayoumi and Eichengreen examine the corre-

lation of structural shocks between Mexico and nine regions of the United
States by using a bivariate SVAR where endogenous variables such as output
and prices are assumed to be each driven by supply and demand innovations.

In order to identify their model, they employed the decomposition method
that only supply shocks have long-run effects on output,

as proposed by Btan-

cha¡d and Quah (1989). The results of their study reveal that supply shocks
are considerably more important than demand shocks for Mexico and these

shocls are negatively correlated with structural disturbances originated from

industrial regions in the U.S.. Bayoumi and Eichengreen then arrive at the
conclusion

that doliarization or any form of fixed exchange rates or mone.

tary union would impose substantial costs to the Mexican economy. This
study has been criticized by Lalonde and St-Amant on the grounds that the
identification method used by Bayoumi and Eichengreen along with the con-
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temporaneous correlation is not suitable

to determine the degree of shocks

asymmetry that would exist in any form of fixed regime because i) monetary
shocks are not extracted from the demand shocks, and

ii) it

is difficult to

interpret the results when some cross-correlations are constrained to be the
cornmon component by choosing a region as an anchor.

Lalonde and St-Amant (1993) remedy the weaknesses they have noted

from Bayoumi and Eichengreen's work by incorporating a monetary

base

[M(0)] as a third variable and a poticy shock as a third disturbance, which
enables them

to

dissociate monetary from non-monetary demand shocks.

They also identify their model by using the decomposition method proposed

by Blanchard and Quah (1989) that can be summarized by the following
restrictions:

i) oniy supply

shocks have long-run effect on output, which

impose two zeros on the second to third element of the first row of their long-

run effects matrix; and ii) the neutrality of money in the iong-run that implies

that policy shocks have the same effects on both the growbh rate of money
and the growbh rate of prices but no effect on output, a restriction equivalent

to constraining the third elements of rows 2 and 3 of their matrix of long-run
effects to be the same. In order to determine the degree of symmetry of the

structural shocks and their relative importance, the authors then incorporate
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Canada into their state space analysis for comparison purposes. They reach a
conch¡sion similar to that of Bayoumi and Eichengreen in that Mexico would

incur significant adjustment costs

if it

had adopted a fixed exchange rate

with either Canada or the United States.
Although Laionde and St-Amant study does represent an improvement
upon the work of Bayoumi and Eichengreen, there âre several drawbacks to

their contributions. The first one is related to modeling Mexico's economy
as a closed economy when there is evidence

that it is even more open than

the United States as documented by Ch¡iszt (2000). The second weakness
resides in the failure to account for the influence of either the United States

or Canada as a large courrtry on the dynamics of the Mexican economy, the
smallest of the three in economic size. As Cushman and zha (rgg7) have
emphasized, this distinction may be crucial for statistical inference. The last

flaw concerns the conclusion that Mexico would incur significant adjustment
costs under any system of fixed exchange rate or monetary union. As the
authors themselves axgue in their section: "Political History of the Exchange

Rate Regime in Mexico," the debt crisis of 1g82 put an end to four decades

of constant economic growih and iow inflation, which without any doubt
was a period dominated by fixed exchange rate regime. Moreover, one could
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appreciate from Figure 1, which is similar to the one found in Lalonde and

St-Amant, that Mexico's economy does much better under fixed exchange
rate than under flexible exchange rate over a long sample. For example, the
year 1989 witnessed a sharp decrease in inflation and a recovery of output
growth as a new stabilization program and a fixed exchange rate regime were
introduced by the government. Their graph also shows that for the period
1989-1993

output growth in relation to in-flation were at levels similar to those

prevailing during the Golden years of the 1g70s.
The question that arises then is given these irrefutable evidences, would
the costs predicted by empirical studies be greater than the benefits that fixed
exchange rate regimes had brought about

nitely, one would

It

a,gree

to Mexico over the years? Defi-

that there is no easy answer to such difficult question.

may also be the case that one may find herself deepening further in the

interminable debate of fixed versus flexible regimes in every attempt to provide an answer. This paper stays away from that controveïsy. Nonetheless,

it

seeks

to understand whether it is possible to reach the same conclusion

if

one makes provision in a model for the weaknesses detected in the work of

Lalonde and St-Amant (1993). In few words, this paper uses a five variable
SVAR in the vein or Artis and Ehrmann (2000) to study the degree of shock
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asJrmmetry between Mexico and the rest of the NAFTA partners.
duces a real exchange rate variable and a foreign policy

It intro-

irstrument to account

for the interaction of the domestic economy with the rest of the world (proxied by the U.S. or Canada) and two extra structural shocks, namely foreign
monetary policy and exchange rate shocks. The paper also employs a TimeVarying Parameter model of the class of State Space models, which enables
the researcher to confirm the results derived from the SVAR procedure. The
next section presents the underpinning theoretical model.

3.1

Model

The underlying theoretical model of this paper is the small open economy
model as outlined by [walsh (1998)], which is a version of the AS-IS-LM

model. In accordance with Walsh, this model is proven to be useful in two
ways. First,

it is a good approximation of a model consistent with the behav-

ior of optimizing agents and one does not lose any information in conducting
policy analysis. Second,

it

is most suitable to analyze interactions between

countries when disturbances in one country is unlikely to have substantial
effects on other large economies. As estabiished above, since Mexico is the
smallest in economic size of the three North American countries, these two
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features of the model

fit its economy

perfectiy well. Hence, the Mexican

economy can be best approximated by the following set of equations:

Ut

: -bth I Et-ßt -l bz(pt - Et-tpt) -l ei

(1)

Ut: atPt I EtU*t -

(2\

a2rt + asyi + el

rnt-Qt-At-ct'ùleT

(3)

it:rt*(EtP+t-pt)

(4)

Pt:ri-hIE¿pr*rlel

(5)

Equatiors (1), (2), (3), (4), and (5) are aggïegate supply, IS, money
demand, Fisher equation, and a variant of the interest rate parity condition,
respectively. Where

gr¿

nominal interest rate,

denotes the log of industrial production index,

s¿

is the nominal exchange rate,

z¿

is the

qr[: hpt+(L-lt)("r+pi]

is the log of consumer prices, which is a weighted average of domestic and
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foreign influences, 0 < h

< 1 is the weight,

p¿ and

pi

are the log of domestic

and foreign output prices, m¿ is the log of money stock (or
real interest rate, and p,

[:

"r

+ pi

-

M),

pt] is the real exchange

rate.

{,and el arc assumed to be the structural shocks that drive supply,
money, and the financial sector of the economy.

-Ð¿

r¿ is the
€"t, €1,

demand,

is the expectation operator

and x denotes foreign variables. A rise in p, interpreted as a real domestic
depreciation has a negative effect on output

supply but a positive

effect

on demand. The former arises due to the fact both the prices of imported

inputs and the ratio of consumer prices to producer prices rise while the

latter originates as a result of domestically produced goods becoming less
expensive in relation to foreignly produced goods.

It

can be inferred from the structure of the economy postulated above

that the equilibrium levels of the endogenous variables depend on the
that hit the economy.

shocks

Since the effects of shocks on macroeconomic variables

are best analyzed through empirical estimation, the SVAR methodology is
used in this respect. As a prelude to the estimation phase,

it

is important

to highlight the basic predictions of the theoretical model, which can be
summarized as follows. Output and prices are expected to move in opposite

direction in the presence of a supply shock but in the same direction in the
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presence

of a demand shock. Foreign interest rate is expected to rise

as

a result of contractionary foreign monetary policy shock. Contractionary
domestic monetary policy shock must lead

to

decrease

in output, prices,

money, and an increase in real exchanges. Most importantly,

if AD and AS

shocks from Mexico and the United States a.re symmetric, then the foreign

interest rate and money are both expected to move in the same direction
as â response of each

to these shocks. The methodology that enables the

researcher to study the impact of the structural shocks on the endogenous
variables are explained in the next section.

3.2

Methodology

This paper uses the structural vector autoregression technique to uncover
the d¡mamics of the Mexican economy as related to those of Canada and the
sThe response of real exchange rate (p, : 9*:)
to any shock is not a clear-cut. Real
exchange rate may increase or decrease dependin'g on how one defines the nominal exchange
rate (s¿) and the assumption made about the prices (p¿). For example, if s¿ is defined L
8C I 8U S and prices are assumed to be relatively fixed within the Keynesian framework,
a contractionary monetary policy shock brings about an increase in nominal interest rate.
In a Mundell-Fleming open econom¡ if this interest rate is above the foreign interest rate
and there is perfect capital mobility (based on the well-known assumptions), one should
expect massive capital in-flow to the domestic economy, which leads to a decrease in the
nominal exchange rate (interpreted as an appreciation), hence a decrease in pr. Simply
put, a cont¡actionary domestic monetary policy shock leads to a decreasein pr. However,
if prices are allowed to fluctuate, the movement in p, depends on the relative changes in
s¿ and p¿. Based on the same example, s¿ J4 pt !, k J+ p¿ .
1
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United States. This methodology has been used intensively in the economic
profession afber [Sims (19s6) and Bernanke (1986)] have used short-run re.

strictions and [Blanchard and Quah (1989)] have used long-run restrictiors
as a v¿ay to model the innovations using economic analysis in response to
Cooley and Leroy's (1985) critique of sims's (1980) unidentified vAR.

r\ü-

ther improvement in the SVAR technique was brought about with the work
of Gali (1992) that combines short- and long-run restriction to identify their
model.6

Assuming Z¿is avector containing the so-ordered variables

that are driven by the so-ordered structural innovations

6¿

:

(g¿,

(r"r,

i{,mt,pt,

e!,

eT* ,

pr)

4,ef ),which

are assumed to follow a normal distribution with covariance matrix equal to

the identity matrix,

/.

Simpiy put, E(e¿e't)

: I. Let B(L) be the polynomial

Iag matrix. Hence, by ignoring the mean values, the system can be written
as:

B(L)Z¿:

6,

(6)

rf B(L) is invertible, a condition that holds if and onty if the polynomial

ff

oSince all the details regarding this
methodology have alread.y been provided in Essay
1, this section is only a summary.
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Iag matrix of the reduced form model is invertible, then one can write the

infinite wold moving averâge [twA(æ)l of the structural system

Zt:
'Where

R(L)

:

estimated becarise

as:

R(L)et

(7)

B(tr)-1.However, since the structural model cannot be
e¿

is not observabie, one has to first estimate the reduced-

form model and transform its residuals in order to obtain e¿. The reducedform VAR representation is as follows:

1þ(L)4:
where ,þ(L)

L¿zt:

:

1þo

-f

1þrL

,þzL,

z¿-¿, a,Ld r/o is the identity

set with covariance matrix,

o.

*

o,

+

...

et

(8)

+ ,þoV;tr is the lag-operator with

matrix.

e¿

is the reduced-form residuals

being symmetric.

In few words,

E(e¿e'r)

:

Assuming rþ(L) is invertible, one can write the reduced-form M A(æ)

representation as:

Zt:
Where C(L)

:

C(L)et

(e)

lþ(L)-'.Following Blanchard and Quah (1989), the rela136

tionship between the structural shocl¡s and the reduced form shocks can be
established by equating (7) and (9), the

MA(æ) of both systems. It follows

that:

R(L)e¿: C(L)et

Since C(0) is equal to

/

and this equation holds for all

(10)

t, it is straightfor-

ward that:

R(0)e¿:

¿,

(11)

By squaring both sides and taking expectations, one finds that:

R(o)Æ(o)'

:

c¿

(r2)

and by substituting (11) in (10):

R(L)e¿:

C(L)R(O)e¿

and by dividing both side of (13) by
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e¿

:

(13)

R(L)
Since

:

f) is symmetric, Equation

c(L)R(o)
(12) places

(14)

n(, + I)l2l:

15] restrictions on the elements of R(0), the additional n(n

b(5

+ I)/Z :

- I)12[: l0]

restrictions needed are taken from economic theory in order to fully identify

fr(0). Knowledge of this matrix

enables one

c(L) is already known from (9); and ii)

e¿

to recover i) A(¿) given that

from (11). Finally, the variance

decomposition and the impulse responses analyses follow from (7).

3.2.L Time-Varying-Parameter State Space models
The estimation of the SVAR model above supplies the structural innovations
needed

to determine the degree of symmetry between

shocl.rs across countries.

onJy supply, demand, and domestic monetary policy shocks are chosen because they are the only shocks common to the three SVARs. This exercise

employs a time-varying parameter class of the state space models, which are

estimated via the method of maximum likelihood (ML). One peculiarity of

this paper, however, is that
(Mexico

it

tries to carry out two pairwise comparisons

vs. US; and Mexico vs. Canada). This

becomes possible due to

the fact that the structural shocks from both United States and Canad.a had
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already been estimated from Essay

ff 1. These shocks are assumed to foliow

a standardized normal distribution. As usual, there are two equatiors to
the state space representation of any dynami c n
rneo,stLren'L

ent

eq u ati, o n

xl

observed variables: 1) a

:

1

00

au(j)

0

10

azr(j)

0

01

au(j)

þrr(i) o o
o þz'(j) o
o o þsrU)

(r,(r)

+ €rr(j)
€r,(r)
(

where the state vector

p*(j) (,i: L,2,8;j -

15)

U.S.,Canad,a) is a time_

varying slope coefficient that captures the relationship between shocks across
Mexico and either U.S. or Canada,

at : (au(j),azr(j),ast(j)),is a time_

varying intercept that is assumed to be the component of shocks specific to
Mexico. Both a¿ and B¿r(j) are not directly observable but a¡e generated via
the Kalman filter while , and

{, is vector of disturbances with mean

zero and

covariance matrix, G¿. Normally, a positive (negative) sign of
þnU) indicates

that the two shocks

axe

symmetric (as¡rmmetric). €,

:

(€rr(f

),€rr(j),€o(f)),

are assumed to contain all other shocks originated from the rest of the world.

2) a transiti,on equati,on:
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P"(i):Ttþ¿t(j)t-t1-Tt

(16)

that describes the dynamics of the coefficients þ*(j), which are assumed
to follow a first-order Markov process. 'Where qt is g x

with mean zero and covariance matrix, Qr. €,

1

and.

vector of disturbances

r¡, are assumed to be

uncorrelated with each other at any period of time. The initial value of the
state.vectot, e0, and the error terms a¡e taken to be uncorrelated. Hence,
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ldentifuing Restrictions

This paper applies a combination of short-run and long-ru¡ restrictions in the
vein of Gali (1992), which is a mixture of the contributions of
[Sims (19g6,
1992),, Blanchard and Quah (1989), and Blancha¡d and
assumes

watson (1992)]. It

that 1) only supply shocks have long-term effects on output; 2) only

supply and demand shocks can affect output contemporaneously; 3) the Fed
funds rate does not react in the short-run (if
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it

reacts at all) to monetary

policy and exchange rate shocks originating in Mexico; and 4) the monetary
authority attaches a weight to the exchange rate in setting monetary policy.
R¡rther details on the fourth restriction will be provided below. The first set
of restrictions is in accordance with the long-run Phillips curve. The second
set of restriction may be understood in the context that firms react to news

in the financial sector with lags because they face menu and adjustment
costs from goods and labor markets. The

third restriction is in line with the

arguments put forward by [Cushman and zha (rgg7), Sims andzjrra (1ggg),

Leeper, sims, and zha (1996), and Artis and Ehrmann (2000)] that the
large country does not take into consideration disturbances occurring in small

countries when setting its policy instrument. As in Artis and Ehrmann, the

fourth restriction is borrowed from Smets (1997) who provides a mechanism

that enables researchers to disentangle monetary policy from exchange rate
shocks when there is evidence

that the central bank has been constantly

targeting the exchange rate. This paper tries to adapt this technique when
the central bank is assumed to follow a money rule as opposed to an interest
rate rule in the case of Smets.
The idea is that once the reduced-form of the structural model has been
estimated and the effects of supply and demand shocl¡s have been accounted

L4I

for, the remaining residuals are composed of a contribution from monetary
policy shock and a contribution from exchange rate shock

:

ei:alella2ei

(r7)

ei:þt4.+l3zei

(18)

In the vein of Smets (1997), the money stock as well as the

exchange

rate are linear combinations of domestic monetary poiicy and exchange rate
innovations, as expressed in equations (17) and (18). Given the fact that the
reduced form residuals (ef,

ei) are known, then the solution to the system

that allows one to recover the structural monetary policy shock is a trivial
one:

n

lJ2

n

atpz

eT+
- az]t

atþz - azþt

ei

(1e)

Equation (19) states that the central bank sets its monetary policy on
the basis of the weight that

it attaches to the money stock and the exchange

rate. By normalization of the sum of the weights on the two residuals, it can
be shown that
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{,

:

(l

- -)"7 -t øei

(20)

Then, it is clear t]nat ø e [0, 1] and by expressing equation (20) in a suitable
form to be estimated one obtains

ñ@1'
1-@ '

ur :=--ç+l:--c¡

L-æ '

(21)

As is evident from equation (21), one is in the presence of a non-linear
regression where the regressor and the disturbance are correlated. The esti-

mation method suggested, as reported in Artis and Ehrmann, follows Hansen

(i982) Generalized Method of Moments, which contains the 2SLS-IV estima-

tor

as a special case. Since this paper inherited the same codes

that Artis

and Ehrmann borrowed from Smets (1997), the same instruments as well
as

the exact specification of the estimation from the original contribution is

used

to arrive at ø, which solves the identification problem.T

TOne simple way

to understand all this is to recall that R(1) is the matrix of long-run

effects and R(0) is that of the contemporaneous effects. The first set of restrictions impose
zero or the second to the fifth element of the first row of R(1), a total of four zeros. The
second set of restrictions implies that the third to the fifth element of the first row of

R(0) is zerol a total of three zeros. The third set of restrictions assumes that the fou¡th
to the fifth element of the second row of R(0) is zerot a total of 2 zeros. To complete
the identification scheme, one extra restriction is need.ed since one already has ninã (of
the 10) restrictions that are equal to nine zeros. Instead of imposing a zero on the fifìh
element of the third row of R(0), which would imply that real exchange rate shocks have
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4

Data and Data Analysis

The data set used for the empirical analysis covers the period 1g60e1 2000Q4. The series include industrial production index (g), which is a nar-

row measure of economic activity; money stock

(cPI);

(Mt); consumer price index

real exchange rate (q); and the Fed fund rate (?l). All but the fund

rate were taken from the International Financial Statistics (1f.9) of the In-

ternational Monetary F\rnd (I M F). The fund rate was taken from statistics
Canada's CANSIM database. Since the data from the IFS are constructed

on different base periods, they were all converted to the latest base, which

is 1995. They were then deseasonalized, filtered using Hodrick Prescotr
method, and demeaned. variables such as Mr,g,and,

cpl

formed. Figure (3) shows the processed data. However,

it

were log trans-

is worth noting

that there is one drawback in working with data of this sort.

It does not

allow the researcher to observe the initial response of the variables to shocks
no contemporaneous effects on the money stock, a not too realistic assumption when the
central bank supposedly follows a money rule, one has decided to opt for ihe weight that
the monetary authority is attached to domestic monetary policy and ¡eal exchaige rate
shocks. If th.e real exchange rate is given a 10 percent percent weight, then one should
expect the fifth element of the third row to be .10 while the fou¡th element is .g0. However,
what is peculiar here is that these weights cannot be found by trial and error, one has to
go through a lengthy estimation to arrive at that percentage. Nonetheless, what will be
shown at the end is that the impulse responses as well as the variance d.ecomposition are
not sensitive to the weight, for a very large range of weights leads to the samå pictures.
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because all the impulse responses start at the baseline (mean zero).In order

to have a feedback about such resporses, which may be important, an estimation is also carried out with the unprocessed data. Due to the fact that
the sample period contains about thirteen years of data points in which the
fixed exchange rate regime was in effect (1960 - rgrg, officially), the nominal
exchange rate was not corsidered as a good candidate since

it does not allow

for any variation during these yeâ,rs. The real exchange rate computed

as

the product of the nominal exchange rate and the relative prices of imports
and exports was instead adopted.s Finally, all nominal variables for Mexico,

with the exception of the indices, were modified to take into account the
introduction of a new currency (namely, the new peso lhat is equivalent to
1,000 old pesos) on January 1, 1993.

Figure 3 about here
As part of the requirements of the SVAR methodology, the variables en-

tering the system must be stationary. The Augmented Dickey-F\rller (ADF)
test and the Phillips Perron (PP) tests with a trend and an intercept were
used

to uncover the order of integration of the variables. The results from

8It may appear strange to compute the real exchange
rate in this fashion. However,
the objective here is to only concentrate on the tradables. The CPI is not used because it

includes both tradables and nontradables.
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both tests suggest that c PI , y, q,

and.

However, some confusion arises as to

1(2) while PP indicates

it

is

/(1).

i,{ arc each integrated of order

M:. ADF

shows

i,

1(1).

that this variables

As usual, when such a situation

is

occr1¡s,

the researcher has to make the appropriate decision of whether to go along

with either 1(1) or I (2) or both. This paper tries both orders of integration
fot

Ml in the estimation phase and determines

which one is moïe suitable

for inferences. Table 1 displays the unit roots.
Table 1 about here

A cointegration test of the variables that are integrated of the same order
was also carried out in order to determine whether there is any iong-run rela-

tionship between the variables that needs to be explicitly taken into consid-

eration. The Johansen and Juselius (1991) maximum tiketihood estimation
method was performed under five scenarios. The trace statistic as well

as

the maximum eigenvalue statistic reveals that there is no cointegration between the variables at the 5 percent significance level. Table 2 presents the

summary of the cointegration test
Table 2 about here

The optimal lag length reported in Table 3 is determined according to
the information criteria. The Final Prediction Error (FPE), the Likelihood
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Ratio test, the Akaike information criterion (AIC), the Hannan-Quinn (He),
and the Schwarz (SC) information criteria converge to 2 lags as the optimal
Iag length to incorporate in the VAR. The regression is then estimated with

these 2 lags.
Table 3 about here
One of the main concerns that researchers usually address in time series

analysis is whether the parameter estimates are stable over time. The Chow
test and the Cusum squared test have been used to test for structural breaks

in the literature. These tests require that one impose a date at which one
suspects the break might have occurred, which

in many cases lead to the

estimation of several subsample regressions, provided the number of data
points are enough. Otherwise, the regression must be estimated over the
Iongest period. In the case of Canada, several studies [citation on Kusczack

p.

78 here] found no structural break in the data as the exchange rate

system shifted from fixed to flexible. In studies on United States economy,
there is still some ongoing debate as to whether a break has occurred, but the
general view seems to suggest no structural breaks have occurred at all
[see

sims (1999); Bernanke and Mihov (1998); and cushman and zha (rgg7)1.

At first glance, the picture of the Mexican economy purports that several
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remarkable breaks have occurred over the years. First, the shift of the exchange regime from fixed to flexible took place
L976

-

1982 marks a return

in 1g73. Second, the period

to the old fixed regime. Third, the debt crisis and

a huge devaluation followed

in 1982. Fourth, a dual exchange system was in

place between 1982 and 1991. Fifth, from November i991 to December 19g4,

a crawling target zone regime \Mas implemented and allowed the new peso

to be exchanged at any rate between 3 and 4 (but strictly
1

less than 4) to

in parity with the U.S. dollars. Sixth, since the foreign exchange crisis in

December 1994, the peso was allowed to float "freely." other major events

include the oil shocks of 1973 and 1979 and the participation in the North
American Fbee Tlade Agreement (NAFTA). Ali these events call for estimating the model for different regimes as in Del Negro and Obiols-Homs (2001).e
However, in comments on these authors'paper, Crucini (2001) observes that

the numbers from their variance decomposition tables do not reueal

si,gni,f-

i'cant di'fferences o,cross erchange rate regi,mes when the standard deviation

(a measure of voiatility) of industrial production growth is taken into consideration. The same critique stands agairst the study of Cushman and.Zha
vThe sample used by these authors a¡e
from 1976 to 1997. They subdivide their sample
in four subperiods based on the foreign exchange regime: i) peg (0g/76 - 0L/92); ii) flexible
(02/82 - 03/88); iii) crawling peg (03/88 - IL/9Q; iv) flexible (12/94 - ).
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(1997) that is based on Canadian data and on which the paper of Del Negro

is built upon. This leads to the conclusion that although apparently the
events dictate that structural breaks have occurred, the data shows no such
evidence. Since the impulse responses and standard errors are not valid if the
reduced-form VAR is not stable, in this paper, stability of the parameters are

tested using the autoregressive roots (AR Roots). The results are presented

in Table 4 and show that ail roots a¡e contained in the unit circle. Therefore,
the VAR satisfies the stabilitv condition.
Table 4 about here

5

Ernpirical Results

This section presents the empirical results based on 1) the estimation of the

svAR model and 2) the estimation of the Time-varying State Space model.
As stated above, the former enables the researcher to extract the structural
shocks characterizing the Mexican economy, which are then used in the latter

to confirm the degree of symmetry or asymmetry with those of the United
States and Canada, previously obtained from similar procedures in Essay

ff

1. In the first stage of the econometric exercise, the weight that the central
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bank assigns to the exchange rate in setting monetary policy is computed
and

it turns out to be 40 percent. In addition, the endogenous

variables as

well as the structural shocks are ordered as (Ag¿, Li,{,Lmr,A,p¿,A,pr)

(eî,r!,1*,€T,ef), respectively. Two

issues, however, emerge as

anð,

to the choice

of the variables.
The first one is related to the choice of the domestic policy instrument.

The money stock

(MI)

instead of a short-term interest rate is chosen be.

cause there is no evidence

in the literature

[see

Torres-Garcia (1g98), (1ggg)]

that the Bank of Mexico has used the overnight loan rate for a long period
to carry out its objectives. In fact, the Bank of Mexico starts targeting inflation aggressively afber the exchange rate crisis in

Decemb

er Igg4. Even

then, as Yacamán (1999) and DÍas (1999) reported, and the paper quotes
Yacamán: the Banlç deci,ded to set quanti,tatiue targets cons'istent with
i,nfl,ati,on object'iue

for the annual growth of the monetary

obseraed behaui,or of the monetary base as gui,del'ines

rnonea market.

for

i,ts

base and uses the

i,ts acti,ons i,n the

In his view, the monetary authority in Mexico was then

compelled to use the monetary base instead of interest rates as operational

target because it was almost impossible to find adequate levels since the crisis

brought about chaos. Exchange rate depreciated by more than 100%, infla-
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tion rose above 20V0, on*month T-bill rate skyrocketed to 65 percent, and
real GDP piunged. Then the strategy followed by the bank to be able to send
signals to the market without setting any specific level of interest rate was

to implement monetary policy through

a, zero-averâge reserve requirement

system.lo

The second issue is related to the choice of foreign monetary policy instru-

ment. The dilemma is since Mexico is the smallest (in economic size) of the
three countries and one needs the structural innovations for pairwise comparison with the U.S. and Canada, should two estimatiors be carried out?
Mrhich are, 1) Mexico - U.S. with the Fed fund rate in the Mexico,s SVAR as

the large country's policy instrument, and 2) Mexico - Canada with the Bank
of Canada's rate as the large country's policy instrument. This strategy may
seem a

priori more tedious and enlightening, however, it carries the drawback

of supplying two sets of structural shocks, which amount to asking which set
10The zero-average reserve
requirement

or "reserve averaging around zero" is a system
that allows the central bank to monitor the activities of commercial banks in ord.er to
control money creation. Since each chartered bank holds a current account at the central
bank, the accumulated balance of this account over a 28-calendar-day period must sum
zero. lf. this balance is negative, a ca.se of overdraft, the commercial bank is charged. an
interest rate equivalent to twice that of the ma¡ket determined rate on those balances.
Commercial banks with positive accumulated balance incur an opportunity cost in that
the money sitting at the vault ofthe central bank could have earned them interest. Hence,
given this situation, the optimal decision for each chartered bank is to neither have a
negative balance in order to avoid penalt¡ nor to have a positive balance in order to avoid
losing money. In few words, they must maiutain a zeto balance.
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really reflects the true nature of the Mexican economy (the dilemma of hav-

ing too much in general). To sort this problem out, the paper carries out
two estimations: one in which the U.S. is corsidered as the country whose
economic states primarily affect Mexico, a claim

that can easily be ascer-

tained, and the other in which Canada is chosen as the large country, Ìeaving

the U.S. aside (definitely, not too realistic). This enables one to determine
whether there is substantial differences in the results.

In the

second stage of the estimation, the reduced-form model is esti-

mated and the identifying restrictions, which include the weight computed

in the first stage, are imposed to extract the structural shocks. The impulse
responses as well as the variance decompositions obtained through the same

process are analyzed below in more details.

5.1- Impulse Response Analysis
Figure 4 shows the responses of each endogenous variable to each of the
structural innovations. In particular,

in opposite directions when the

it

shows

economy is

that output and prices move

hit by a supply

shock but in

the same direction under the influence of an AD shock. The key and most

important finding of this pâ,per is that AD and AS shocks are symmetric
r52

between United States and Mexico. The same results continue to hold when

the Fed fund rate is replaced with the Bank of Canada's rate as the foreign
monetary poiicy instrument [see Figure 5], which also suggest that AD
and AS shocks are symmetric between Mexico and Canada. A triangular
relatiorship that leads to the conclusion that the North American countries
are subject to common shocks, a finding contrary to Lalonde and St-Amant

(1995). The criterion to arrive at this conclusion is the sa,me as the one used
by Artis and Ehrmann (2000) who purport that in this context if money and
foreign interest move in the same directions in response to AD and AS shocks,

then the two are symmetric across the two countries. A copy of the impulse
responses from these authors' work is attached for comparison purposes [see

Figue

61.

Figure 4 about here
Figure 5 about here

Figure 6 about here
F\rrther analysis of the impulse responses reveals that a domestic monetary policy shock

to

causes

output to increase, money stock to decrease, inflation

decrease continuously and real exchange rate

to increase and die out after

the fortieth quarter. If the policy shock is interpreted as contractionary, it
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is clear that there is an output puzzle that emerges from the process, otherwise,

it is a price puzzle.

Although one has imposed the restriction that

only supply shocks have long-run effects on output, the Mexican data show

that the remaining shocks have quite a persistent effect on output. Real exchange rate follows a hump-shaped pattern before a money shock.

In sum,

the predictiors of the theoretical model are materialized within reasonable
doubts. Since the impulse responses can only inform about the pattern of the
endogenous variables

in response to the structural innovations but not the

contribution of each shock to the variation of these variables, the variance
decomposition analysis follows.

6.2

Variance Decomposition Analysis

Table 5 reports estimates of the relative contribution of each structural shock

to each endogenous variable. It shows that 91.20 percent or less of the variability of output over a 60-quarter period are due to changes in aggregate
supply, while demand shocks account for 33.87 percent or less at all reported

horizons. In few words, shocks to Mexico's output are essentially supply
driven, a finding similar to Bayoumi and Eichengreen (1gg3) and Lalonde
and St-Amant (1993). U.S. monetary policy shocks have more effects (up to
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24 quarters) on output than domestic monetary policy but fewer than real
exchange rate, a result that is partly consistent with the findings of Del Negro

and Obiols-Homs (2001) that disturbances originating in the U.S. economy
have been a more important source of fluctuatiors for Mexico than shocks

to oil prices. In the very short-run, the contribution of real exchange shock

to the variance of output is substantial in comparison to those of domestic
and foreign policy shocks, a peak of 1.5 percent after !2 quarters. Given
these results,

it is unlikely that

one would argue

that independent monetary

and exchange rate policies have served the Mexican economy for the period
considered and therefore Mexico shou-ld not contemplate abandoning its cur-

rent systems for a monetary union. But this would be inappropriate, if the
objective of the central bank of any country is to maintain price stability, the
variance decomposition of the price level reveals that the monetary authority

in Mexico has not had a great performance

so

far. As a matter of fact,

8b.21

percent of the fluctuatiors in prices originate from monetary policy shocks

in the first quarter. This proportion remains significantly high after nonmonetary demand shocks become the dominant factor afber 48 quarters. The

unfold story of the real exchange rate dictates that both aggregate demand
and domestic monetary poiicy shocks are equally responsible for the vari-

IÐÐ

ance in output, but at a longer horizon demand shocks are the main driving

forces, around 93.74 percent after 48 quarters. The variance decomposition
analysis also reveals that demand shocks and real exchange rate shocks are

the main factors that lead to variations in the stock of money, with the latter

relatively dominating the picture up to the eighth quarter. This confrms
the fact that the Bank of Mexico had to either frequently respond to the depreciation of the peso even under floating regimes or to sustain the value of

the currency under fixed regimes. The results also demonstrate that foreign
monetary policy has had greater impact on the stock of money than supply
shocks up

to 12 quarters. Finally, and

as expected, monetary

policy shoclis

proper to the U.S. explain 95.50 percent of the variatiors in the fund rate in
a 4-quarter horizon. The Fed corsiderably reacts

to supply shocks originated

from Mexico after 4 quarters and to demand shocks after 8 quarters.
Table 5 about here
The variance decomposition analysis with Canada as the large country in
Mexico's SVAR does not differ in a great deal from that with the U.S. as the
Iarge country explained above. Table 6 displays the results.

it

shows that

i)

demand

variance of output;

and supply

In particular,

shocks are equally important for the

ii) foreign monetary policy is more important than do156

mestic policy shocks but less than exchange rate shocks in the contribution

to disturbances in output; iii) Canada's monetary policy shock explain

g2.TJ

percent or less of the variations in the Bank of Canada's rate; iv) Variatiors

in money stock are explained mostiy by innovations in real exchange rate
and aggregate demand; v) domestic monetary policy shock contributes g1.62
percent or less to the variation of the price level at all reported horizons; and

vi) domestic policy, demand, and supply

shocks are the main disturbances

that drive the real exchange rate, with demand shocks playing a dominant
role after 4 quarters.
Table 6 about here

Srhat are the possible drawbacks of these results? The first one to note is

that the findings are sensitive to the order of integration of the money stock,

M|. That is, if one corsiders Mr

as 1(2),

AD and AS shocks are then found

to be symmetric across the two countries. However, when Ml is corsidered
as 1(1), there is asymmetry between the shocks. This holds independentlv

that one uses the Bank of Canada's rate or the fund rate

as

the irstrument of

foreign monetary policy. Figure 7 and Table 7 respectively show the impulse
responses and the va¡iance decomposition when the Fund rate is the policy

instrument and M1 is I(1).

It is clear from the impulse responses that the
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fund rate and the money stock move in opposite direction in the presence of
supply and demand shocks. One may also argue that by processing the data

to some extent may be responsible for the sensitivity of the results. Figure
shows the impulse responses of the unprocessed data.

It

8

can be inferred that

there is not much irsight that can be gained from those responses.
Figure 7 about here
Table 7 about here
Figure 8 about here
The second drawback is that the symmetries of AD and AS shocks across
Mexico and the rest of the North American countries are suspect despite
the fact that the results do not change that much as different foreign policy
instruments are being used. But one must also take into account that there
is a high correlation between fund rate and Bank of Canada's rate, around
87%o

according to Table

8. This

means

that any interest rate that is highly

correlated with that of the U.S. is likely to show that AD and AS shocks
between that country and Mexico axe symmetric even though there may not

be any iink whatsoever between the two countries. The results from this
paper are robust in the first irstance only

if

one could prove

that 1) the

autocorrelation between U.S. and Canada interest rates is unique and 2) all
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unit root tests give the same order of integration. In both grounds, it

is

nearly impossible to arrive at such consensus. Then the only venue left to
board is whether the State Space model confrm the results.
Table 8 about here
Another issue that is of relevance is the weight that one assumes the Bank
of Mexico attaches to real exchange rate in setting monetary policy.

It

could

be argued that the results are sensitive to the weight because the data were
constrained not to reveal the true relatiorship between the variables and the

related exchange rate and policy shocks. In order to answer this claim, the
paper estimates several regressions with weights of 0, 35, b0, and 80 percent

for Mexico and each of the remaining NAFTA partners.ll As can be seen in
Figures 9, 10, and 11, the pattern of the impulse responses in the Mexico U.S. exercise remains the same. The only exception occurs when a weight
of.

zero is imposed, a situation where the exchange is completely absent in

the monetary policy reaction function of the Central Bank. yet, AD and AS
shocks continue to be symmetric across countries even when monetary policy

and exchange rate shocks revert the pattern of the endogenous variables
(see tr'igure

12). A similar pattern is also observed in Mexico - Canada's

llPlease note for ø
) .80, the program returns an invertible matrix. The author
deliberately decides not to carry out the same exercise when M(1) is 1(1).
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regression (see Figures 13 and 14). In few words, this simulation indicates

that the findings of this paper do not crucially depend on the choice of the
weight. Particularly, AD and AS shocks remain symmetric independently of
the weights.
Figure 9 about here

Figure 10 about here
Figure 11 about here
Figure 12 about here
Figure 13 about here
Figure 14 about here

5.3

State Space Analysis

Given the structural shocks extracted from the structrual vector autoregres-

sion, a Time-Varying State Space model is employed to uncover the degree

of asymmetry between supply, demand, and monetary policy shocks across
Mexico - Canada, and Mexico - United States. This has been possible because

structural shocks Canada and U.S. economies were previously recovered in
Essay

1. Figure

15 shows the structural shocks

that enter the State

Space

phase of the estimation. As the paper argues above, since there are two sets

160

of structural shocks for Mexico,

it

might have been difficutt to d,etermine

which one reflect the dynamics of that economy. But, as it becomes evident,
there is no reason to expect the structural shocks to be too dissimilar since

the variance decomposition as well as the impulse response functions that
emanate from them a¡e

not.

Nonetheless, as a cautious measure, each set

of Mexico's structural shocks is run against that of Canada and the United
States.

Figure 9 about here

Unfortunatel¡ the results of the state space estimation are found to be
inconclusive. As one would expect, the sign of the time-varying slope coefficient must be positive so that one could confirm the SVAR results that the
shocks are s)¡rnmetric. But, these coefficients were found

to be insignificant

at all conventional levels as their p-values exceeded the 10 percent critical
value. Several other specificatiors such as Recursive Coefficient Models and
Autoregressive Moving Average (ARMA) models were also estimated with-

out any success. These results are not reported in this paper. The other
alternatives that the paper has explored is the computation of the Pearson
Corrected Contingency Coefficient

(CC*,,) and the

cross correlation be.

tween the structural shocls at different leads and lags, with lag 0
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:

lead 0

reflecting the contemporeaneity of the series. These statistical procedures
demonstrate that (see Table 9) AD shocks between Mexico and Canada and
between Mexico and the U.S. are symmetric but AS shocks as well as policy
shocks are asJ¡rnmetric.

In all

variables as evidenced by a

cases, there

CC*,,

is a low association between the

below 50 percent, with Mexico's and US

policy shocks being the exception.
Table 9 about here

6

Conclusion

This paper has studied the issue of monetary union as related to the symme.

try of macroeconomic
Canada.

It

shocks between Mexico

- United States and Mexico -

employs two techniques: a structural vector autoregression and

a Time-Varying State Space model. The structural vector autoregression
methodology'ü/as used in order to recover the structural shocks, the impulse
responses and the va¡iance decompositions as well.

It also dictates whether

the shocks are sJ¡rnmetric or asymmetric by relying on the resporìses of the
domestic and the foreign monetary policy instruments to demand and supply
shocks. The state space model enables the researcher to confirm the resuÌts
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obtained from the SVAR exercise.

In the first approach, a combination of short- and long-run restrictions in
the line of Gali (1992) has been used to just identify the model. Under the
assumptiors of 1) a long-run Phillips curve; 2) only supply and nonmonetary
demand shocks having contemporaneous effect on output; 3) Iarge countries

not reacting to disturbances originated from small countries; and 4) a weight
attached to exchange rate by the Bank of Mexico in setting monetary policy,

the paper could demonstrate that AD and AS shocks

â.re

symmetric across

the countries. This result holds independently of the weight chosen.

In the second approach, the structural shocks from this paper along with
those from a comparison between United States and Canada (computed in

Essay 1) are used

to determine whether

shocks between the countries are

symmetric. The results are found to be inconclusive.

To the extent that one does not need the state space results to back
up those of the svAR, the finding that AD and AS shocks are symmetric

is still robust within the context that M1 is

I(2).

For

it is invariant of

the weight attached to the real exchange rate. The main controversy of
this paper perhaps resides in the fact M1 can either be I(1) or I(2). As
explained above, the symmetry between AD and AS only holds when M1 is
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I(2) not I(1). If one considers I(1) as a better approximation for M1 than

I(2), then the results of this pâper are similar to Lalonde and St-Amant
(1993). But the researcher does not believe there is a strong argument for

taking such a stance. As Lalonde and St-Amant themselves acknowledge
and the paper translates: "For Merico,
'i,nstead of the n'LoneA stock

Ml

because the

LDe

chose the monetary base [M0]

latter has

been subjected,

to seueral

structural changes, whi,ch makes i,ts use uerg dfficulú." 'What they probably
meant is

that:

"since our result pa,rtiy holds under M1, we prefer

to use

M0 as a safer ground." The next question that arises is whether one should
have followed their

path. First of all, it is worth noting that their study

covers the post Bretton Wood era 1973:1

-

1997:4

for which data on M0

are available. However such data are partly missing in the IMF

- IFS for

Mexico for the 1960s. Secondly, this paper already takes into consideration
the structural changes that have occurred by accounting for changes in base
year and money denomination. Thirdly, suppose for the sake of argument

that one had tried M0, in what ways wouLd have that helped?

It

would

only lead to the misleading impression that the two shocks are asFnmetric
whiie in fact there are conditiors under which they are not. Having made
these points,

it

is wise to conclude that, depending on the measure of monev
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chosen, AD and AS shocks as related to Mexico - United States and Mexico -

Canada may be symmetric or as)¡rnmetric. Where does that conclusion lead

in terms of adopting monetary union or not? It is important to remember
that both Mexico and the United States governments have emphasized the
need for a monetary union and Canada is the only country being reluctant so

far. The

pa,per has argued

that, in this respect, the issue of whether

shocks

âre symmetric or as¡rmmetric only matters for Canada. Since the data only
provides an ambiguous direction, the only plausible factors that would push
Canada into a monetary union particularly with Mexico is

if

1) U.S. continues

to levy high tariffs on Canadian goods, and 2) Mexico threaten to displace
Canada in the U.S. market by first signing such arrangement with the United

States. Leaving economics aside for a moment,

it

is likely that the position

of Canada on this issue will change as a new Liberal leader will be in power
by February 2004 and

it

appears that the major opposition party is in favor

of a closer ties to the United States.
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Table

1.

Unit Root Tests - Mexico Variables
ADF

Variables
CPI
Fund rate

Difference
-6.67

Level
-2.59
-2.47
-2.24
-1.05

Y
M1

Order
r( 1)

-10.1 I
-5.57

r( 1)

Í1
r(2)

-3.28 +

-6.6s ++
-6.56
(1)
a
A constant, a time trend and a maximum lag
for all varíables. Sample period covers I961 : I
1.U9

McKinnon
second

Table

PP

Level
-3.06
-2.60
-2.35
-7.94

Diff'erence
-13.51

-1.34

Order

Decision

r(l)
(1)

16.51

(1)
(1)
r(l)

r(2)

-t4.25

r(l)

r(l)

1

1.30

-t3.36

(l)

r(t)

- 2000:4. Critical values are based on
(1996) : IoÁ: 4.017, 50Á: 3.44, I0%: 3.14. Keys: f,first dffirence; * *,

dffirence.

2

CointegratÍon Analysis

Sample:1960:1 2000:4
lncluded observations: 157
Series: FRATE YMEX Q CPI
Lags interval: 1 to 6
Data

Trend: None

Rank or No lntercept
No. of CEs No Trend

None
Intercept
No Trend

Linear Linear
Intercept
No Trend

Intercept

Trend

euadratic
Intercept
Trend

Selected (5% level) Number of Cointegrating Retations by Model (cotumns)

Trace
Max-Eig

0
0

0
0

0
0

0
0

0

0

Log Líkelihood by Rank (rows) and Model (cotumns)
0
1

2
3

4

0
1

2
3

4

-1868.613
-1862,605
-1859.050
-1857.435
-1857.147

-1868.613
-1861.078

-185s.445
-1851 .904

-1851.408

-1866.297
-1859.405
-1853.777
-1851.428
-1851.408

Akaike Information Criteria by Rank (rows) and
25.02692
25.02692
25.04837
25.05230
25.04558
25.06249
25j0892
25.08848
25.09270
25.19025
25.15801
25.16469
25.28850
25.26634
25.26634

-1866.297
-1851.596
-1845.529
-1841.017
-1838.670

-1863.619

-1849.192

-1843j26
-1839.169
-1838.670

Model (columns)
25.04837
24.97575"
25.01311

25.07028
25.15504

25.06521

24.98334
25.00797
25.05948

25.15504

Schwarz Criteria by Rank (rows) and Model (columns)
1

26.89570.
27.07682

26.8957027.08956

2

27.28917

3

27.52623

27.30766
27.55240

27.57854

4

27.78021

27.83593

27.83593

0

26.99502

26.99502

27.16488

27.09760
27.31016
27.54253
27.80249

2735082

27.08973
27.16359
27.34396
27.55120
27.80249

1,74

Lag Length Determination

Table 3

VAR Lag Order Selection Criteria
Endogenous variables: D(YDM) D(FRATEDM) D(D(M1DM)) D(PIDM) D(ODM)
Exogenous variables: C
Date: 01/14103 Time: 14:26

Sample:1960:1 2000:4
lncluded observations: 1 60

Lag

0
1
2

LogL

LR

FPE

AIC

SC

1920.729 NA

2.748-17 -23.94662 -23.85052
3980.967 3965.9s7 2.458-28 -49.38709 -48.81049
5446.967 2730.424. 3.69E-36. -67.39958. -66.34249.

* indicates lag order
selected by the criterion
LR: sequential modified LR test statistic (each test at 5% level)
FPE: Final prediction error; AIC: Akaike information criterion; SC: Schwarz
information criterion; HQ: Hannan-Quinn information criterion

Table

4.

Stability Test with 2 lags

Roots
Polynomial
Endogenous variables:
D(FRATEDM)
D(PrDM) D(ODM)
Exogenous variables: C P_OlL
P_OrL(-1) P_OrL(-2)
Lag specification:1 2
Date: 01/14103 Time: 14:40

lnverse Roots of AR Characteristic Polynomial

D(YDM) "
D(D(M1DM)) || t.S

Root

0.989810 +
0.1 6958i
0.968616 +
0.218245i
0.968616 0.218245i
0.985249 0.069353i
0.985249 +
0.069353i
0.967175 0.198303i
0.967175 +
0.1 98303i
0.974308 0.082064i
0.974308 +
0.989810

Modulus

1.0

0.5

0.996696

0.1 16958i

0.996696

0.0

1

0.992899

-0.5

0.992899
0.987687

-1.0

0.987687

-1.5
0.987295

-1.5 -1.0 -0.5 0.0 0.5 1.0

1.5

0.987295
0.977757
0.977757

0.082064i
No root lies outside the unit
circle.
VAR satisfies the stabilitv
condition.
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Table

5.

Variance Decomposition for Mexico with U.S. as a Large Country When
M(1) is I(2)

Mexico
Variance decomposition for output
Supply Shock Demand Shock
Quarter

4
8

t2
24
48
60

69.87
6'/.',/9
65.14
63.54

30.13

31.86
33.36
33.87

U.S. Monetary
Policv Shock
0.00
0.15

Home Monetary
Policv Shock
O.UU

Real Exchange
Rate Shock
0.00

0.001

0.21

0.61
1.08

0.00t

0.88

0.02

1.5

68.2t

'¿9.66

1.04

0.r7

88.41

9.96

0.r7

1.09

0.85
0.36
0.22

9t.20
7.78
0.10
Variance decomposition for Fed Funds rate
I
0.16
0.38
99.46

0.70

4

0.29
0.44
0.26
5.74
s.33
5.77

2.59
10.98
15.85

2.38
4.28
6.'l't
7.52

80.46
72.65
56.44
36.33

7.T5
I 1.50

11.52

26.62
t9.24
20.95

85.71

0.08

84.7r
83.50

0.3

0.65
0.73

23.08

t2

0.49

52.53

24
48
60

22.91

55.70
34.31
31.5.i

8

3.02

95.50
72.67
41.27
13.07

36.60
12.78
34.34
t2.79
Variance decomposition for Ml
I
2.67
rt.41
3.U9
4
1.33
19.t7
2.58
I
0.38
34.48
r.93
T2
0.68
54.13
r.34
24
r.67
64.02
0.55
48
25.41
42.00
1.85
60
24.47
40.33
2.74
Variance decomposition for CPI
I
0.r2
3.6'/
r0.42
4
0.22
4.13
r0.64
I
1.69
3.58
t.t2
T2
3.99
r.70
1.3 t
24
9.00
21.75
5.81
48
4.21
85.61
0.63
60
15.87
75.87
0.42
Variance decomposition for Real Exchange rate
I
12.18
34.t4
5.75
4
7.36
4Q.02
5.09
3.25
t9.9'¿
4.T9

U.UU

82.1 8

51.33
6.27
4.15

46.85
47.04
42.3s
L2
T.T7
61,.36
3.31
33.73
24
0.08
87.80
t.23
9.86
48
2.25
93.74
U.I J
r.76
60
7.29
87.22
0.11
2.47
Note: The numbers across each row may not sum to 100.0 due to rounding errors.

I

0.00
0.55
3.08
5.41

t

0.12
0.76
12.05
3.28
3.69
1.09

u.50
0:¿9
0.44
1.03

2.12

2.92

1,76

Table

6.

Variance I)ecomposition for Mexico with Canada as a Large Country
when M(1) is r(2)

Mexico
Variance decomposition for output
Supply Shock Demand Shock
Quarter

Canada

Monetary
Policy Shock
I

52.55

A

49.7r
46.42
44.26

T
8

t2
24
48
60

46.23

47.45
49.97
52.22
53.38
52.07
28.72

O.UU

0.15
0.60
0.96
0.65
0.27
0.23

66.27
76.88
18.88
Variance decomposition for Fed Funds rate
4.67
5.91
89.42
4
4.r9
2.66
91.89
8
2.Ll
0.91
92.73
I¿
3.24
7.39
84.78
1/l
26.88
4632
17.08
48
30.83
34.83
r0.47
60
30.1 I
34.U4
t0.7r
Variance decomposition for Ml
I
1.03
6.80
6.23
4
u.34
I 1.89
4.21
8
0.1 I
22.94
2.35
t2
0.30
39.58
r.34
24
3.12
60.82
0.53
48
2s.67
37.51
4.91
60
24.10
31.86
7.83
Variance decomposition for CPI
0.65
0.93
5.65
4
0.04
u.94
5.65
8
0.82
0.52
6.12
t2
2.77
0.20
6.56
24
7.20
19.37
3.29
48
6.48
79.t9
0.59
60
22.74
67.1r
t.t4
Variance decomposition 'or Real Exchange rate
I
18.96
34.26
r.32
4
12.72
39.33
0.75
I
6.92
47.93
0.34
12
3.48
57.95
0.15
24
0.61
82.32
0.02
48
5.9s
90.65
0.47
60
13.40
81.39
u.94
Note: The numbers qcre!!:!ch row may no

Home Monetary
Policy Shock

ReaÌ Exchange
Rate Shock

0.00
0.002
0.006

0.00
0.16
0.77

0.01

1.39

0.27
3.85
3.22

u.

0.89
0.80

U.UU

0.00

0.009
0.004
0.008
0.60

1.24

/9

4.25

4.59
8.73

10.23
10.68

13.64

14.46

4.33

t2.ll

r.61
76.05
62.49

14.67

44.tI

11.00
15.91

24.54
r6.00

18.00

18.23

91.5s
9r.62
91.49
90.07

r.22

8

7.51

1.76
1.06

0.40

59.41

t0.73
2.78
2.17

10.96
ó.83

44.40
46.s4
44.23
37.38
13.672
2.15
3.25

1.06

0.66

0.59

l.u4
3.82
0.77
r.02
.
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Table

6.

Variance Decomposition for MexÍco with United States as a Large
Country
ou
when M(1) ts
is I(1)

Mexico
Variance decomposition for output
Supply Shock Demand Shock
Quarter
I
4

16.60

83.00
83.69

o
o

16.07
14.58

12

t2.16

24
48
60

3.87
8.22

85.31
85.5ð
67.90

19.51

57.1 8

84.31

U.S. Monetary
Policv Shock
0.00

Home Monetary
Policv Shock

0.10
0.28
0.27
0.69

0.14
0.74
4.81

4.46
4.85

5.60
5.22

U.UU

1,.14

Real Hxchange
Rate Shock
0.00
0.06
0.10

U.5I
6.05
13.83
13.71

Variance decomposition for Fed Funds ra :e
0.1s
3.s4
96.31
0.u0
5.25
1.61
92.51
u.5 /
22.01
0.45
8
74.77
2.56
T2
45.51
0.49
49.31
4.44
24
59.70
5.27
31.35
3.31
48
57.29
15.48
20.82
3.39
13.20
60
58.76
20.t4
3.81
Variance decomposition for Ml
t
IU.'/4
35.05
15.67
11.61
4
19.91
1.00
22.15
7.19
o
ô
8.6r
10.41
26.67
3.38
12
4.13
10.19
27.26
L.'/
24
2.67
16.82
22.47
3.89
48
t9.20
44.24
8.73
5.70
60
9.22
64.54
s.69
6.19
Variance tlecomposition I'or UPI
I
t.46
U. IU
r.56
84.28
4
0.66
0.s 1
2.39
87.50
8
0.53
3.58
4.óE
87.53
\2
t.34
8.35
8.'.¿U
81.19
24
18.11
18.16
12.08
44.57
'¿.68
48
61,.28
tt.20
22.60
60
69.90
9.78
r.73
16.90
Variance decomposition for Real Exchange rate
I
36.30
5.68
8.14
46.53
+
38.07
2.40
7.s0
tE. /5
8
41.60
0.37
7.19
+6.96
T2
46.50
u.54
7.14
40.90
24
65.6r
4.91
5.15
19.13
48
86.58
6.24
0.81
5.19
60
4.26
91.r7
0.50
3.09
Note: The numbers qcross each row may not sum to 100.0 due to rounding errors.
I

U.UU

4

U.UÓ
u.'¿'¿

0.27
0.39
3.02
4.09
26.93
39.76
50.93
56.65
54.15

22.ts
t4.35
12.60

9.00
3.68
0.92
7.10
2.25
1.68

3.36
3.30
3.89

4.9r
5.20

r.20
1.00
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Table 8. Correlation Matrix
Canada's Bank Rate

Canada's Bank Rate

LUUU00U

Fed Fund Rate

0.865s06

Fed Fund Rate
0.865506
1.000000

Table 9 Cross Correlation Between Mexico and its NAFTA Partners' Structural
Shocks

AD_Mex

AD

AD_Mex

- AD

AS_Mex

AS

-

Canada

US

-

Canada

AS_Mex

-

AS(1) uS
AS_Mex

-

AS(2)_us
MP_Mex

-

MF Canada
MP_Mex

-

MP US

AD_Mex

AD

AD_Mex

-

AD_US

AS_Mex

AS

-

Canada

-

Canada

AS_Mex

-

AS(1)_us

AS_Mex AS(2)*US
MP_Mex -

MP

Canada

MP_Mex

-

MP US

Lag (Lead)

Lag (Lead)

Lag (Lead)

0

2

4

Canada as Large Country
6.49
-2.46
3.30 (3.e2)
(-0.04)
2r.30
15.21
7.04 (e.27)
(1e.02)
11.64
-16.07
-15.r4
(-4.32)
(-0.33)
-16.87
-t3.t7
-13.88
(-r.22)
(-2.ss)
-9.99
-7.45
-4.85
(-8.84)
(-6.6e)
-rr.34
-3.34
e.47 (8.r7)
(-2.18)
-22.r5
-16.91
-r0.44
(-24.07)
(-26.e3)
US as Large Country
'¿.96
t.04
-3.75
(0.11)
(-3.47)
20.6s
15.93
9.r9 (8.47)
(17.50)
-16.13
-r9.64
-17.80
(-8.er)
(-2.6s)
-15.03
-19.11
-16.00
(-3. r 3)
(1.01)
- 10.55
-9.92
-9.18
(-8.17)
(-6.85)
-3.34
-tr.34
e.47 (8.r7)
(-2.18)
-22.58
- 18.57
-t2.07
(-24.r2)
(-26.07)

Lag (Lead) 6

Uontmgency
Coefficient

-5.06

36.9

(-0.77)
2.23 (3.84)

36.28

-1 1.88

32.95

(-0.42)
-6.30
(-4.84)

2r.37^

-4.91

30.55

(-e.4s)
14.91

41.73

(16.70)
-4.77

41.27

(-2e.2r)
-7.r9

32.38

(-3.1 1)
5.18

39.43

(4.68)

-t3.67
(-1.71)

26.69

-8.47

21.08

(-5.34)
-10.25

(-e.e3)
t4.91
(16.70)
-5.38
(-27.e4)

34.20
+4.06

56.33

Note:AS(I):TechnologicalShock;AS(2):oilSupplyshock;":noW
parentheses represent the correlations at dffirent leads. Since for Mexico we have two sets of dtsturbances,
and having collected the structural innovations for Canada and for the United States from Essay l, we have
computed the correlation betvveen each of the latter countries structural shocks with those of Mexico. This
explains why we have the two subtitles. For example, under 'Canada as Lørge Country ' AS_Mex-AS(I)_US is
the corelation between the supply shock extracted from Mexico's estimation with Canada as the large country
and the technologicøl shock obtained from the US 's estimation. In few words, this Table shows that AD shocks
are weakly but positively correlated between Mexico and Canada and between Mexico and the (JS, whereqs the
AS shoclc as well as the policy shocks are negatively correlated. With the exception of Mexico and US poticy
shocls, there is low degree of association between Mexico and its NAFTA partners' structural shocl<s.
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Figure 1. lnflation and Output Growth Performances Under Different Exchange
Rate Regimes 1960 -1997
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Figure 4. Mexico's Impulse Responses With U.S. Being the Large Country
Exchange Rate Weight : .40 and MI ß fQ)
Mexico-US
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Figure 5. Mexico's Impulse Responses \ilith Canada Being the Large Country
Exchange Rate Weight: .40 and Ml ß I(2)
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Fig. 6 Taken From Arlis et al. (2000)
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Figure 7. Mexico's Impulse Responses With U.S. Being the Large
Exchange Rate lI/eight .40 and MI is I(l)
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Figure 9. Mexico's Impulse Responses With U.S. Being the Large Country
Exchange Rate Weight: .35 and MI ß I(2)
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Figure 10. Mexico's Impulse Responses With U.S. Being the Large Country
Exchange Rate Weíght .50 and MI is I(2)
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Figure 11. Mexico's Impulse Responses With U.S. Being the Large Country
Exchange Rate Weíght : .80 and MI ís I(2)
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Figure 12. Mexico's Impulse Responses With U.S. Being the Large Country
Exchange Rate Weight .00 and MI ß I(2)
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Figure 13. Mexico's Impulse Responses With Canada Being the Large Country
Exchange Rate Weight .00 and MI ß I(2)

:

Mexico-Canada
i-"

¡:::fffil

i"..1-|
Ë::::1,,,,,,,,
I

¿

I

:::i'

"'t
"'l
:::

I

:;;l

Figure 14. Mexico's fmpulse Responses With Canada Being the Large Country
Exchange Rate Weight : .80 and Ml ß I(2)
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Abstract
This paper is the first to have studied the business cycle linkages
between Canada, Mexico and the United States through the Markov-

switching framework in order to determine to what extent these coun-
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tries might be suitable to form a monetary union. The feasibility of
the single currency arrangement is assessed on the basis of two criteria:
1-) business

cycle asymmetry; and 2) identification of a common cy-

cle. Using quarterly data that extends over the period 7963:3-2002:4,

the paper shows that a monetary union is feasible between the three
countries

if

decisions are to be made on the basis of business cvcle

symmetry. However, had the decision to enter such arrangement to
be made on the grounds of a common cycle, only the U.S. and Canada

would have qualified. To some extent these results confirm the findings

of the two first essays and, most importantly, show that whether one
relies upon structural vector autoregression or on Markov-switching
technique, Canada and the United States are most suitable for a mon-

etary union.

1

Introduction

The purpose of this paper is to understand how the business cycles of Canada,

United States, and Mexico are linked to each other in order to determine to
what extent a monetary union between the three countries is feasible. The

relatiorship between business cycle and a single currency arrangement is
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easy to qualify but difficult to quantifii. Common sense would dictate that,

in a two-country world, if when one economy is in recession, the other is in
expansion, or vice versa then there is no synchronization of the business cycle,

and therefore there is no ground for a monetary union. In other words, each

country is better off alone since

it

shocks that provoke those cycles.

cân use domestic policy tools to counter

It is also the case that if when one country

is in recession (expansion) the other is also in recession (exparsion), and most

importantly, if one country drives the business cycle of the group, then there
is ground to believe policy designed in the pivotal country is also good for the

rest. Put differently, a monetary union between these countries is feasible.
Having said ali these, how can one assess quantitatively the feasibility of a
common currency for the North American Countries?
Following the footsteps of Krolzig (1997a), Artis, Krolzig, and Toro (1ggg),

and Hamilton (1989), this paper has used the Markov-switching vector autoregression (MS-VAR) technique to tackle the issue of monetary union in

North America by investigating the business cycle linkages between the three
countries. To the best of my knowledge, this paper represents the first application of Markov-switching in a multivariate framework to the North American business cycle, and is also the first of its kind on North America. The
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task is carried out in two phases. In the first phase, a generalization of the

original Hamilton (1989) univariate Markov-switching model is applied to
each country

in order to find out whether there is certain degree of common-

ality between the individual cycles and whether these cycles are s¡rmmetric.
In the second stage, the MS-VAR is estimated in order to test for a common
cycle.

Using quarterly data on industrial production index for the period 1963:3 2002:4 and a classification of the probability regimes into: recession, normal

growth, and high growth, this paper first provides evidence that there is
synchronization of the business cycles in North America, a finding that holds

whether one considers the multivariate model or the aggregate picture of the
univariate processes. As to the common cycle, a set of pairwise comparison
tests demonstrates that Mexico and Canada share each a cornmon cycle with

the United States but not with each other. The multivariate analysis not
only confirms the univariate tests, but

it

also informs

that (a) Canada shares

a common cycle with U.S. and Mexico combined; (b) U.S. shares a coûlmon

cycle with Canada and Mexico combined; however, (c) Mexico does not
share a coÍr.mon cycie with U.S. and Canada combined. This last result
seems

to have brought

essence

to what was suspected in the way that studies

t92

were carried out in the literature, in that countries of the same degree of
economic development tend to move according to the same wavelength and
therefore were modeled according to such criterion.

It

is not known whether

previous studies had been able to show the same.

Other relevant findings are that (a) the North American cycle affects the
three countries in a similar fashion afber the debt crisis in 1982; and (b) the

United States business cvcle drives the North American cvcle. from which
one cân infer that any time the U.S. is in recession there is a high probability

that Canada and Mexico will also be in recession concurrentlv and an even
higher probability that they will be in recession in the next quarter. However,

though easy to demorstrate, this paper has not investigated whether normal
growbh or high growbh in the U.S. necessarily matches the same regimes in
Canada and in Mexico, a fact that casual observation would definitelv dismiss
on the basis of recent past economic events. For when the Mexican economy
crashed

in

1994-1995, the U.S. was booming and Canada was

in normal

growbh mode. By the same token, in early 2000s, the U.S. was experiencing
recession while Canada could technicallv avoid a recession.

Simply put, the contributions are that 1) on the basis of business cycle
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asymmetry criterion, there is synchronization between the three countries,
which dictates that a monetary union is feasible; and 2) on the basis of common cycle, monetary union is most feasible between Canada and the United
States. The rest of the pâper is organized as follows. Section 2 provides the
background and the justification for the study. Section 3 briefly reviews the

Iiterature. Section 4 highlights the underlying models and associated issues
and exposes the relevant aspects of the Markov-switching methodology. Sec-

tion 5 analyzes the data. Section 6 interprets the results. Finally, Section

7

concludes the paper.

2

Background

This paper is believed to be the first research to have taken into consideration

the relationship between business cycles across North America. Despite the
fact that studies on this topic abound in the economic literature for Europe,

it

was not known at the time of writing this paper of any attempt to model

Canada, United States, and Mexico's linkages in terms of business cycles

jointly. The contributions to business cycle research, in general, that

one

has come across can be regrouped into two categories. The first category,
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whose focus is on the dynamics of single independent countries
[see Diebold

and Rudebusch (1996); Krolzig, Marcellino, and Mizon (2002); Marcellino
and Mizon (2000)], seeks to explain how single or joint behavior of some
macroeconomic variables over time have the ability

to capture the features

of the economic cycles for a specific country. In this setup, financial as well as

labour market variables are often used in order to investigate the existence of
a common cyclical component between output, employment, Iabour supply,
and real earnings. This line of research is mostly related to dating turning

points in order to determine whether the regime classification outlined by

the data is closely related to traditional business cycle datings issued by
agencies such as the Nationai Bureau of Economic Research (NBER) and

the Economic Cycle Research Institute (ECRI).

The second strand of the iiterature shows interest in groups of cou¡rtries

that share a similar characteristic. These countries may be, approximately,
of the same degree of economic development [see Mills and Holmes (1ggg);
Lumsdaine and Prasad (2002); Backus and Kehoe (1992)] or share a common
geographic location, or a.re involved in some sort of economic arrangements
[see

Artis, Krolzig, and roro (1ggg); Girardin (2002)). This line of research

looks at co-movement of macroeconomic time series in order to investigate
195

the possibilities of common components and cycles across countries.
Needless

to say that this paper falls under the second category since it

embraces 3 countries -Canada, Mexico and the United States-, which belong

to the same suþcontinent and are linked by the North American Flee Tþade
Agreement (NAFTA) that may possibly extend to a monetary union in the

future. What is peculiar, however, is that Canada and the United

States

are well-developed countries while Mexico is a developing country. There
are two issues related to this distinction: 1) the literature is, to be cautious,
very scarce or simply non-existent, which leaves no grounds for comparison of

findings; and 2) the research might a priori gives the impression that Canada
and the United States share a common business cycle with each other but

not with Mexico.
The last point may explain discrepancies found in the whole literature

in that studies on international business cycles that include Canada and the
United States usually incorporate them within a broader group of developed countries, either as members of the G7, partners of western European

countries, or OECD þee Artis et ai. (1999); Backus and Kehoe (1gg2); and
Lumsdaine and Prasad (2002)]. By contrast, the few that include Mexico
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usually model

it within the context

of Latin America with the United States

irregularly serving as a reference [see MejÍa-Reyes (1999); Engel and Issler
(1993)]. In few words, this classification gives the impression that developed
and developing countries are likely to evolve according to their own wave.

Iength. Therefore this paper is the first one that breaks with the common
approach by facing the challenges of combining countries of different levels of
economic development, namely, Canada, Mexico, and the U.S., in an interna-

tional business cycle study.

It

takes this path in order to determine to what

extent their economic interdependence, which has been largely documented

in the literature, is subjected to what is termed a coûrmon "North American
Business Cycle."

The interesting question, however, is why bother with a study on business
cycle when the two first essays [see Jean Louis (2003a,b)]1 have found that
shocks

that affect the three countries are sJ¡rnmetric? Is not it true that

the business cycle originates because of shocks? Do not symmetric

shocks

mean symmetric business cycle? Though all these questions are sound at

the theoretical forefront, there are many reasons for pursuing research on
rThese papers are referred to as
Essayl and Essay 2 respectively hereafter because they
are part of a three.essay dissertation, with this one being the third.
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business cycle

for Canada, Mexico, and the United States. [Artis et

al.

(1999)] provides the first justification in a similar study for Europe. They in

fact stressed that "...findi,ngs of busi,ness cycle sgnchron'ic,ity (or not) are

0,n

'imporlant'indi.cator of the opti,mality of monetary uni,on (or not) and hence
deserve careful screen'ing." Since the fi¡st two essays are already embarked

in the feasibility of moneta¡y union between the three countries, this

essay

represents the last important and necessary step towards this goal.

Secondly,

in their recent literature review on optimal cuïrency

areas,

[Lafrance and St-Amant (1999)] note that researchers have come up with
different conclusion about the feasibility of monetary union when they have
used the structural vector autoregression (SVAR) methodology

to focus on

either shocks asymmetry or business cycle asymmetry across regions and/or
countries. As related to Canada and the United States and as suggested by
some empirical evidence, the authors observe

that "a monetary uni,on

be-

tween the two countr'ies o,ppel,rs more costly from the poi,nt of ui,ew of shock
asymmetry than that of bus'iness-cgcle asymmetry", which means that studies

that have relied on business cycles correlation are more likety to conclude

that monetary union is feasible between the two countries than those that
have relied on contemporaneous correlation of shocks. Based on this ob198

servation, Lafrance and St-Amant call for further research
between the two explanations.

In this

to discriminate

sense, this paper can be viewed, as

a step towards ascertaining the claim made by these authors in that, since
Essays 1 and 2 have established that shocks
countries are symmetric,

that hit the North American

it is then lefb to show whether their business-cycles

are sJrûtmetric or asymmetric. Hence, this research has a clear raison d'être.

Yet, one could still argue that this paper leaves the question raised by
Lafrance and St-Amant unanswered, and that would be absolutely right.

For

it

is not the topic of interest. Nonetheless, for the sake of scientific

curiosity and since an attempt to clarify the fact that symmetry of shocks
does not necessarily mean symmetry of business cycles (the question that
has been raised above) may eventually shed some lights on the issue, a brief

explanation may heip scratch the surface and thereby bring closure to the
debate.

There are actuaily two types of shocks that affect any economy: Aggregate

demand (AD) and aggregate supply (AS). Flom AD shocks
purge monetary
whereas

polic¡

it

is possible to

exchange rate, and non-monetary demand shocks,

oil, labor market, and technological shocks among others can

199

be

extracted from AS shocks. The s¡rmmetry of shocks could simply mean that

on averâge non-monetary AD and AS shocks have the same effect on the
economies. That is, in the business cycle context, they have the same effect on

actual output around its potential level or trend. But what about monetary

policy shocks?

Studies

that have differentiated between the components of AD shocks

[see Dupasquier

et al. (1997); Lalonde and St-Amant (1994); Artis

and

Ehrmann (2000)] do not address the issue of shocks asymmetry across coun-

tries as related to monetary policy. Essay

t

has taken that step and has

found that there is no symmetry between policy shocks

across the countries.

Following the same line of reasoning, this would dictate that business cycles
are a"sJ¡rnmetric. This way of thinking would concur with the definition that

the business cycle is the result of the many different types of shocks and disturbances (s¡rmmetric or asymmetric) that affect the econom¡ which consist,
according to [Fischer, Dornbusch, and Smactrlensee (1988)], the basis for the

irregular pattern observed in the cycles because the shocks themselves are
irregular.

Given the fact that what is called monetary shocks is partly 1) the abil-
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ity of Central Bankers to alter the course of the economy either by rule or
by discretion, 2) changes in the velocity of money as related to the volume
of transactions, and 3) changes in income among other determinants, then
there is no reason to expect monetary shocks that hit the United States econ-

omy be symmetric with those that a.ffect Canada or Mexico, or vice-versa.

For these countries do not have the same level of economic activity. Since

it is not known with certainty which portion of AD
by monetary shocks2,

it

makes sense

shocks is accounted for

to argue, to the extent that the infor-

mation about asymmetric monetary policy shocks is fully reflected in the
path of the business cycie,

it

is urùikely that the business cycles across coun-

tries exhibit either symmetry or asJnnmetry in harmony with the structural

innovations. In summary, discrepancies exist between business-cycle- and
structural-shocks-based research or between business cycle paths and struc-

tural shocks pattern because not all shocks are symmetric. This discussion
brings one to the consideration of a third justification for the paper.

A good rea.son for a study on business cycle could also be found in the
weaknesses of the SVAR methodology emphasized

by [Cochrane (1997)] and

2The point here is that if the different components of AD shocks were known
or measurable, one could possibly arrive at the fraction that monetary policy shocks account
for. But this would not be possible if one had a single component for AD shocks as in
[Blanchard and Quah (1989)], for disaggregation is not a recommended procedure..
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nicely summarized by [Krolzig (2002)]. The criticisms are of three sorts: 1)

time invariance or corstancy of parameters and covariance matrix; 2) linear-

ity in the

models, which makes

it

impossible for researchers to account for

changes in the dynamic multipliers over time; 3) Gaussianity or zero-mean-

white-noise assumptions about the structural innovatiors. In light of these
issues, there have been renewed attention by scholars

ity in

to explore nonlinear-

economic time series by modelling regime shifts. Hence, by allowing

switches in regime, this paper may be seen as a way to cover ground lefb by

the two previous essays that are based on SVAR.
Before attacking the topic of interest,

it

is necessary to refresh our under-

standing about some basic concepts. The business cycle can be understood as

the fluctuations of reai or actual output around its potential level or growbh

path over time. These movements are best understood in terms of the labels

that economists have used for their classificatiors. For example [Fischer et
al. (1988)] distinguish two

phases of the business cycle: a peak and a trough

and further define the transition from peak to trough as recession and that

from trough to peak as recovery, or simply, turning points in accordance

with [Boldin (1994)]. Most recent basic macroeconomic textbooks, however,
outiine four phases

[see McCorurell,

Brue and Barbiero (2002)1. A peak is a
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situation where business activity reaches a local maximum as real output is

at or in the neighborhood of capacity output while a recession is a period
of decline in real output for at least two consecutive quarters. A trough

is

corsidered as the lowest level of actual output below its trend while in the
recovery phase output starts to rise towards full-employment.

The connection between business cycle and the feasibility of monetary
union is very straightforward. If the ups and downs of the U.S. economy are
synchronized with those of Canada and Mexico and vice versa, then it is in the

best interest of the three countries to form a monetary union. By contrast,

If ups (downs) in the United States correspond to downs (ups) in any of
the two remaining countries for most of the periods corsidered, then there
is no need for the countries to consider the monetarv union option. Mlhat is
interesting, however, is that despite the close ties between the three countries
in terms of international trade and the dominance of the U.S. economy, casual
observation cannot really dictate a priori whether or not the three economies
evolve around the same growth pattern. For during the oil shocks

in

1973

and L979, U.S. was the most affected of the 3 countries. In the early 1980s,

all th¡ee countries went into

recession

but the Mexican economv was the

most devastated due to the debt crisis that started in 1982. In the
203

1990s.

afber facing some hardship, as the U.S. and Canada economies

rvr/ere

booming,

Mexico experienced a severe setback in 19941995. Historical events also tell
us that the duration as well as the intensities of the business cycle phases
are not even across the three countries. The growth rate of output in Mexico

during the late 1990s and early 2000s were at least equal to the combined
growth rates of U.S. and Canadian output, but the trough seerrts to have
lasted longer as output struggles to rebound to its potential level.

There are actually two views of the business cycle. The fi¡st one is the so
called classi,cal business cgcles whose focus is on the patterns of expansion
and recession in the leuel of macroeconomic activity. However,

it

has been

recognized that this approach fails to capture much of the short-term volatil-

ity that the

economy is subjected

to because the

occurrence of recessions

are rare compared to expansiors that are considered as the normal state of

the economy þee Parkin and Bade (2003)]. The second approach, known

as

growth cycles, which is an alternative to the first one, examines short-term
fluctuations in the growbh rate of aggregate economic activity. As the authors
also pointed out, the procedure to identify the different phases (business cycle

turning points or peaks and troughs) remains the same under both methods.
Nonetheless, this paper uses the second approach.
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Srhat are the issues at stake in terms of business cycle? In other words
being at a peak, how fast does the economy reach a trough or vice versa? Is
the speed the same? How long does a recession or a boom last? Part of the answers to these questiors can be found in the contributions of Mitchell (1927,

p. 290) who claimed that 'the most ui,olent
erable aduances

...

decli,nes erceed the

Business contracti,ons a,ppez,r

uiolent process than

most

consi.d-

to be a briefer and

more

busi,ness erp0,ns'ions.' However, as [Diebold and Rude-

busch (1996)] have pointed out, the corsensts that seenrs

to have emerged

among researchers as to the proper characterization of the dynamics of business cycle is the need

to model the passage from expansion to recession

regime switching from "good"

to "bad"

as

states, and vice versa.

Modern literature, in that respect, has broadened those concepts to incorporate all the aspects of the bminess cycles in order to determine whether

1) probabilistic models can be used to date and forecast turning points

[see

Nefbci (1984) and Diebold and Rudebusch (1989)]; and 2) there is asymme-

try in the phases. For example,
of. 'steepness'

[Sichel (1993)] has developed the concepts

and 'deeytness'while [McQueen and Thorley (1993)] have de.

veloped the concept of. 'sharpness' or turni,ng poi,nt asymmetry. Steepness
asks whether the speed of contraction is faster than
205

that of recovery while

deepness asks whether the amplitude or duration of troughs differs from

that

of peaks. Sharpness relates to whether troughs are sharp or peaks are more
rounded, or vice-versa. The formal tests are explained in the section reserved

for the methodology.
In their survey, Diebold and Rudebusch (1996) have stressed that business-

cycie asymmetry is only one of the two elements of Burns and Mitchell
(1946)'s definition of business cycies, with the other being co-movement of
macroeconomic variables [see Backus and Kehoe (1992), and Stock and'Wat-

son (1989, 1991, 1993) for studies using this framework]. However, what they
have also noted is that contributiors to the literature have concentrated on

either one or the other aspect of the business cycle. They then advance the

literature by proposing a methodology that allows for the extraction of

a

common component that characterizes the business cycle from a group of
macroeconomic variables. Artis, Krolzig, and Toro (1999) have taken a simi-

lar path to uncover a com.mon European cycle. This paper studies the North
American business cycle by following closely the methodology used by these
authors. The next section presents the literature review.
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3 Literature Review
This section briefly reviews the few contributiorìs on business cycle linkages

as

related to the North American countries. On the basis of earlier observatiors,

it

can be noted that there are two categories of studies: 1) those that examine

Canada

and

jointly with the United States aiong with other developed countries

2) those that match

Mexico with other Latin American countries and

the U.S. taken as a country of reference. This classification of the studies
may make sense due to the disparity in the state of development between the

three countries.

The sensitivity of the Canadian economy to business cycles in the United
States has long been a subject of investigation. Early contributions by
[Rosenbluth (1957), Chambers (1958), and Hay (1966)] relied on spectral
techniques to analyze macroeconomic variables in order to determine whether

there are any similarities between the phases of the business cycles across the

two countries. As Bonomo and Tanner (1972) also reported, by simply com-

paring peaks and trough between U.S. and Canada, these studies lefb all
the relevant aspects of economic dependence 'over cycles of all length' out

.

These authors irstead combined the spectral method with a comparison of
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the relationship between the two countries over all the cycles. Their study

that is based on monthly data of industrial production indexes and

covers

the period 1919-1967 shows that the two economies are subject to similar
cycles but the duration of Canadian cycles is smaller than that of the United

States. Most importantly, these authors also for-rnd that 1) Canadian cycles

tend to lag by less than one month behind those of the U.S. for cycles less

than 50 months long; 2) the sensitivity of Canada's economy to economic
cycles

in the U.S. has not been changed in a systematic way, despite the

adoption of the flexible exchange rate by Canada in the 1950s.3

A study by Phillips (1991) partly confirms the findings of Bonomo and
Tanner (1972). In fact, Phillips evaluates the trarsmission of business cycles

for the period 1961:1-1989:3 between United States and Canada, Germany,
and the United Kingdom by using a two-country business cycle model, which

is considered by many as the first attempt at a generalization of the univariate two-regime Markov-switching model of Hamilton (1989) [see Filardo and

Gordon (1994) and Krolzig (1997a)]. Based on seasonally adjusted data on
industrial production taken from the IMF's International Financial Statistics
3The point here is that

if the flexible exchange rate regime has served as a shock
absorber for the domestic economy, there is no rea"son to expect ups and downs in the
U.S. to be transmitted to Canada. Therefore, the business cycle patterns across the two
countries must be dissimilar.
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for Canada and the United States, Phillips arrives at the conclusion that both
countries 'move into and out recessions simultaneously' with either having

to lead the other. He agrees with Bonomo and Tanner that shocks to U.S.
growbh rates are transmitted

to Canada after a one-lag period but does not

believe that the autocorrelation (0.34) of the innovations is too small to be

portrayed as the main factor behind the international transmission of business cycles across the two countries. The author instead discovers

wide recessions that have occurred

in

that world

1974, 7979-1980 with the oil shocks,

and early 1980s are the major factors that can explain the synchronization

of the business cycles across countries. As Phillips clearly emphasized, his
study does not take into consideration any transmission of cycles that might
occur between large industrial nations and less developed courrtries
[such

as

Mexico-U.S. and Canada-Mexico] and further asserts that the transmission of
cycles across developed countries is negligible. Krolzig (IggTa, b) has reached
a similar conclusion in his international business cycle analysis of developed

natiors' He found that the synchronization of these economies' cycles

are

mostly due to coÍtmon world-wide shoclis that have occured since the first
oil shock in

1973.

Backus and Kehoe (1992) have also looked
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at evidence of an interna-

tional business cycle by analyzing national accounting annual data for

a

set of ten countries, including Canada and the United States. Their study
extends over a period of 100 years and contrasts properties of GNP, investment, government purchases, net exports, inflation and money stock by using
generalized-method-of-moments. Of relevance for this paper is their finding

that contemporaneous correlation of output fluctuatiors (a feature of the
business cycle) between the two countries was 0.49, 0.91, and 0.64 during

the Prewar, Interwar, and Postwar periods, respectively. This finding led
them to conclude that Canada and the United States are subject to common
external shocks that give rise to a certain conformity of the cycles.

Further research by [Gregory, Head, and Raynault (1997)] seems to have
brought new controversy to the issue of business cycles in developed nations.

In fact, these authors 'have measured the part of the fluctuations in GDP
growth in the then G-7 countries (now G-8 with Russia) that could be explained by the world business cycle.' They have found, in respect to both
Canada and the United States, that

little of these countries' fluctuation in

GDP can be accounted for by the world business cycle. This led them to conclude that internal shocks to these economies are the main sources of their
business cycles.

In fAbel, Bernanke, and Smith (1999)] words, the Canadian
2r0

and U.S. business cycles are mostly made at home.

Thus far, the iiterature has sent a mixed signal as to the relationship
between business cycles across the two countries. Mlhat about Mexico? As

stated above, at this point, nothing can be said about the association of
its business cycle regimes with Canada and little vis-a-vis the United States.
For the only study that deals with this issue is MejÍa-Reyes (1g9g), using

the classical business cycles approach. In fact, this author relies on yearly
data on real GDP per capita for the period 1950-1995 to date turning points
across major economies

in Latin America and the United States. He used

a methodology proposed by Artis, Kontolemis, and osborn (1997) that is
based on Pearson's corrected contingency coeffi.cient
measure of correlation.

In

MejÍa-Reyes's view, a

(CC-,,), which is a

CC.*, greater than

60%

is an indication of "strong" correlation, between 40 and 60% is considered

"mild", and less than 40% is portrayed as a clear sign of "low" association
of the cycles. Having found a CC"o,, around 20To for Mexico and the United
States, he then concludes that the business cycles of the two countries are

idiosyncratic. In other words, the turning points are mostly dissimiiar.

In summary, it can be noted that different studies have

2LT

used different

techniques such as spectral analysis, cross-correlation, and Markov switching

vector autoregression (MSVAR) among others to tackle the issue of interna-

tional business cycles. As [Diebold and Rudebusch (1996)] have emphasized,,
these studies have either concentrated on one or the other aspects ofthe business cycles as found

in [Mitchell (1946)]. That is, their

focuses are either on

co-movement of economic variables or asJ¡rnmetry of the business cycles but

not on both. [Artis et al. (i999)] have taken into consideration Diebold and
Rudebusch's view in their study of the 'European business Cycle' by analyz-

ing both aspects of the business cycles through a variety of techniques that
include (a) the univariate MS-AR model proposed by [Hamilton (1939)]; (b)

the CC"o", as a preliminary step towards common cycle investigation; and
(c) the two-step procedure proposed by [Krolzig (1gg7a)] that consists in
estimating a Markov-switching vector error correction model (MS-VECM).
This paper applies among othersa a similar set of techniques in its analysis

of the 'North American business cycle' but foliows closely the foot prints

of [Krolzig (1997a,b)] for its valuable contribution to the regime switching
Iiterature. F\uther details are provided in the section below.
aHere one refers to the works of Sichel (1993) and
McQueen and Thorley (1993) on
business cycle asymmetries.
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4.L

Model and Methodology
Models of the Business Cycle 'Within an AD-AS
Flarnework

This section presents the underlying theoretical foundation of the business
cycle and is followed by the methodology adopted

to estimate the

model.

There are actually two principal business cycle theories: The Classical, and
the Keynesian whose proposition can easily be analyzed within the framework
of aggregate demand-aggregate supply (AD-AS) model [see Abel et al.(1997),

McConnell et al. (2000) among others]. AD is assumed to be downward slop

ing due to wealth and substitution effects, AS is assumed to be vertical in
the long-run but horizontal in the very short-run and full-employment equi-

librium occurs when the three curves intersect each other. According to the
Classical school, since prices are perfectly flexibte, adverse aggregate demand
shocks have no effects on output. Therefore, the short-run AS curve becomes

irrelevant because the economy is always at full-emplo¡rment. However, they
view adverse AS shocks as disturbances that can decrease the potential level

of output and increase the price level. In other words, Classical economists
believe that the business cycle originates because of AS shocks not shocks in

2I3

AD, since AD shocks are short-lived and thereby have little or no effects on
real output.

Although the Keynesian school agrees with the Classical school on the
effects of adverse AS shocks on the economy, they strongly reject their pos-

tulation on adverse AD shocks. In Keynesian economists' view, since prices
do not adjust automatically because of, say, Iong-term contracts in the labor

market, AD shocks may give rise to a decline in output that may eventually
take a long-time to return (if ever) to its previous level. In this respect, Keynesians believe that both

AD and AS shocks are the soruces of the business

cycle.

An extersion of the classical thought is the real business cycle theory
(RBC) developed by Kydland and Prescott (i982) that adopts the trad!
tional assumptions of market clearing and super-neutrality of money. This
theory explains the causes of the business cycle in a broader spectrum by
differentiating between real shocks (that

is,

shoclcs

that affect the real

si,de

of the econonxy as related to output, labor force, real quanti,tg of gouerttment
purchases, spend'ing and saui,ng deci,si,ons by consumers) and nominal shocl<s

(e.g. shocks to money supply or demand). In the RBC view, among these

2t4

two types of disturbances, innovations to productivity (negative or positive)
are mostly (not totally) resporsible for the fluctuations in output. Despite

the extreme assumption this theory is built upon,

literature

[see

Abel et

al.

it

has been argued in the

(1999), Snowdon, Vane, and Wynarczyk (Igg4),

and Romer (2001)] that this approach is consistent with some of the basic
business cycle facts regarding the procyclical nature of aggregate output, em-

ployment, real wages, and labor productivity [see Table 1 taken from Abel

et al. (7999) for a complete picture]. At the international level, this theory
seelns

to have also been able to explain international business cycles through

the synchronization of productivity shocks, and through the similarities in
movements

in corsumption and output

across countries [see Feldstein and

Horioka (1980), and Backus, Kehoe, and Kydland (1992)]. However,

it

fails

on its prediction that inflation is countercyclical [see Abel eú al. (1ggg)].
Table 1 about here

The discussion thus

fa"r suggests

that there is no r¡niform theory of busi-

ness cycles. Independently of the view

that one adheres to, however, the

to

analyze the contention of the com-

AD-AS model can be used as a tool

peting theories. Nevertheless, the conventional empirical estimation of such

2L5

model can by no means bring light to the features of business cycles

(*y*-

metry and co-movement) that are of interest to this paper. Although [KVd-

land and Prescott (1982), Plosser (1989), and Abel and Bernanke (1992)]
have developed a method known as calibration (a comparison between sim-

ulated and observed data) to examine the quantitative implications of the
RBC model, this paper follows the approach proposed by Krolzig (Igg7a),
which is a data-driuen model speci,ficati,on that suits its pupose. The next
subsection exposes the details of this approach.

4,.2 Methodology
The point of departure of this methodology is the original contribution of
Hamilton (1989) that considers

a

univariate Markov-Switching autoregression

(MS-AR) with two regimes. This model captures the changing nature of
economic time series over time that occurs due to extraordina¡v events such
as wars,

financial panics, natural disasters, and drastic changes in government

policies. Hamilton reasoris that if these events have occurred in the past,
there is no reason to believe that they will not repeat in the future. Therefore,
he suggests that we model time series processes in a manner

that

accounts

for the changes in their mean values by incorporating the probability of
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a

possible state. The original example used by Hamilton is presented here in
order to facilitate the exposition.s

In fact, Hamilton considers a fourth-order autoregressive Markov-switchingmean model lM S

- AR(

)] of quarterly real GNP growth (Agr) for the U.S.

that extends over the period

Lar- p(sr)

:

1953

-

1984:

c,tlLat-r-p(sr-r)] +d2l\at-z- tt(sr-z)l+...+o,ll\at-a- ¡t(s¡-a)l+u¿
(1)

where z¿ - l/(0, o2) and p(s¿) is the conditional mean that is driven by

the latent state

s¿.

/ \

lt\st) :

I tt, > 0 if s¿ : 1 ('enpansi,on ot boomt) ì
lr, a 0 if s¿ :2 ('contracti,on or recessi,ont) J

(2)

The regime generating process is an irreducible ergodic Markov chain with
a

finite number of states

probability po¡l:
collected

s¿

:

1, ...,

M

(:

2) that is governed by the transition

P{s¿: jltr-t : i,st-z: k,...} : P{st : jlst-t: i}]

in a squa,re matrix, namely a transi,ti,on matrir, indicating that

sProper treatments to the data available for this study such as unit roots testing,
lag length determination, smoothing in order to remove outliers, and seasonality will be
considered in the data analvsis section.
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state i precedes state j:

tt
P: I Ptt

Ptz

|

I

trl

|

lPzt Pzz 1
pt¡ with

¿

: j

is the probability of being in a given state, say recession or

boom whilep¿¡ with z I

j

is the transition

vice versa. For example, prz

probability from state i to state 7 or

[: l-prr] is the probability of being in expansion

and switching to recession while

pztl: L-pzz]

sums of the probabilities equal

unity. That is,

is the opposite. The horizontal

þ^or,: IV'i,i € {L,...M}.

It is also the case that knowledge of the P matrix enables
determine the duration of a state as given by

[t/(t -

the researcher to

po¡)], wltlr i'

: i.

Hamilton has demorstrated that the patterns of recession and expansion

that his Markov-switching-mean model is able to display are fairly closely re
Iated to the business cycle dates proposed by the NBER for the U.S., which
are normally determined afber the occurrences of events.

Put differently,

Hamilton has established that, given the information available, his model
has the capability of leading to probability inferences about the unobserved
regimes that enables researchers to recorstruct the regimes and thereby pro-

duce better forecasts. Several authors seem to have agreed with these con2L8

tentiors. They have exploited these properties as a prelude to multivariate
analysis.

For example, [Krolzig (1997b)] carried out a business cycle analysis for
individuai countries that include U.S.A, Japan, West-Germany, United Kingdom (UK), Canada, and Australia by relying on the methodology proposed

by Hamilton. He then compared his results with turning points dates provided by ECRI, NBER, and Artis et al.(1997), and discovered that these
countries tend to experience booms and contractions simultaneously. With

the exceptions of Spain and Flance, this contemporaneity of the regime shifts
a,cross countries has also been

found in a similar study by Artis et aL (1999)

on nine European countries, which, in their view, opens the way to investigate an nnderlying common cycle (namely, the European Busi,ness Cgcle)

that calls for a system approach. They supplement their univariate analysis with an examination of the cross-correlation of the smoothed probability

of being in a recession at different leads and lags along with the Pearson's
contingency coefficient, a non-parametric procedure that uncovers the comovement of the regimes across countries. Their results reveai that, with the
exception of UK, there is a high degree of concordance among the business
cycle of the remaining countries.
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Nonetheless, one of the features of Hamilton's work is

bility of being in a given state is unity (ruy ptt
of. euer

:

that if the proba-

1) there is no possibility

return'ing to another state, say state 2. In which case, state 1 is con-

sidered as an absorbi,ng state and the Markov chain is said to be reduci,ble.

This has been regarded as an extreme or remote case where an economy will
experience either expansion or contraction permanently and clearly reflects

the existence of a structural break or a one-time jump in the series. A more

realistic case is one that is characterized by an irreducible ergodic Markov
chain where the probability of being in a given state is less than unity, in
which case the shifbs are temporary.

Although [Hamilton (1989)] and subsequent contributions have had some
successes

with the two-regime MS-AR specification, several authors [Kim and

Piger (2000), Krolzig (2000), and Sichel (1994)] have challenged its prediction
of the business cycle patterns. These authors have instead suggested to model

a three-regime MS-AR that takes into consideration episodes of recession,
rapid growth and slow growbh in accordance with Fþiedman (1993) and KimNelson's (1999) plucki.ng model, which purport that, following a transitory
adverse shock, output experiences a high growbh and subsequently slows

down as

it

approaches its trend.
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The original model has also been subjected to a number of refinements in
order to accommodate regime shifts in (1) intercepts (t); (Z) autoregressive
parameters (A); and (3) covariance matrix (H). Moreover,
alized

it has been gener-

to multivariate analysis, namely MS-VAR or MS-VECM

[see

Krolzig

(1998)]. In its broadest form, a Markov switching mean vector autoregression
of order p and M regimes IM

S

M (M)

-

V

AR(p)] is given by:

at- p(sù: Ar(st)(Art- p(st-t)) +...+ Aoþ)(yt-p- ¡r(e-ò) *u,
where ut

^

N I D(0, D(s¿)) and ¡r(s¿) is

dimensional time series vector At,

(4)

K x 1 dimensional mean of the k-th

At(st),...,4þù

are slope coefficients, z¿ is

a disturbance term whose covariance matrix X(s¿) along

with all parameters

of the model is dependent on the regime, s¿. For example, in a three.regime
set up:
t-r(sò

p(sò

:

:

tr(st):

14

10, if s¿ :

þz

)

0

if

s¿

:

ps

)

0

if

s¿

:3

1 ('recession') with ø2(s¿)

:

2 ('rapid growth') with ø2(s¿)

o?

:

oZ

('slow growth') with ø2(s¿): oZ

It is also expected that ol > o! > ø! because episodes

of rapid growth

are normâlly more volatile than periods of recession, which in turn is more
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volatile than period of slow growbh (in the vicinity of the steady state).
One characteristic of this modelling device, however, is that

immediate one.time
according

it

allows for an

ju-p in the mean following a shifb in regime, which,

to Krolzig,

does

not account for the possibility that the

mean

may smoothly approach a new level afber the transition from one state to
another. In order to factor in this feature, Krolzig therefore suggests

a regime-

dependent intercept z(s¿) that can take into account the smooth transition

of the mean:

h:

u(sù -l A1(s¿)y¿-r

*

...

i

Ar(s¿)g¿-o

t

ut

As [Krolzig (1997a, Ch.3; 1993)] has demonstrated, the IMSM(M)
V

AR(fl]

tôJ

-

and the Markov switching intercept vector autoregression of order

p with M states [MSI(M)

-VAR(p)l

are two different models that imply

two different d¡'namic adjustments of the observed variables in resporse to a
change in regime. The former implies that a permanent regime shift leads to

an immediate jump in the mean growbh rate of the process to its new level.

For the latter, Krolzig purports that a once-and-for-all regime shift in the
intercept gives rise to a dynamic response of the growth rate of the observed
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variable that is ,identi,cal to an equ'iualent shoclc i.n the whi.te no'ise series u¡.
Given the variety of models6 that one can choose from, the dilemma is

to determine which one is appropriate for the data at hand. What Krolzig
however has suggested is that one does not need to have all the parameters

in the model to be regime.dependent. A plausible specification for empirical applications is to allow the autoregressive parameters, the mean or the
intercepts to be regime dependent, and the error term to be either hetero

or homoskedastic. In the context of this research, which involves the three
North American countries, fKrolzig (1997a, Ch. 12)] has opened the way by
estimating Hamilton's MSM(z)

-

AR(4) univariate model that has proven

to be a good representation of the business cycle dynamics in both Canada
and the United States. With respect to the multivariate generalization, the

author has tested different model specifi.cations in his search for a global
business cycle and arrived at the conclusion

that

a Markov switching inter-

cept heteroskedasticity vector autoregression in difference with 3 states and
4 lags

IMSIH(3)

- DV AR( )] has the best fit of all estimated

one cannot estimate these models blindly,

it

models. Since

remains to come up with the

GMarkov-switching (MS)- mean (M); intercept (I); Autoregressive parameters (A); heteroskedasticity (H). That is, MSM, MSI, MSA, and MSH among others'
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appropriate specification along with the usual determination of the optimal
lag length for Canada, United States, and Mexico's growth rates of industrial

production. The information criteria for model selection wili be used in this
process.

The choice of the proper model is a necessary step towards the two milestones of this paper, which are (1) asymmetry of the business cycles across
countries; and (2) com.mon cycles in order to address the feasibility of mone-

tary union. The former can be analyzed within a univa¡iate framework where
the turning points of the cycles across countries are compâred while the latter

is best understood within an MSVAR or MSVECM setup. The discussion
below addresses these issues in their order of presentation.

4.2.L

Business Cycle Asymmetry

As mentioned earlier, there are three aspects of the business cycle, namely,
steepness, deepness, and sharpness,

that are investigated when the purpose

is to detect asymmetry. In order to understand these three facets,

it

is nec-

essary, given the observable time series Ut, to define a detrended component
(ø¿) such

tltat r¿ :

At

-

T¿, where

r¿ is a non-stationary trend component

and x¿ is stationa¡y possibly corsisting of cycle and noise components [see
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Clements and Krolzig (1998)]. Customarily, non-stationarity is assumed to

be eliminated via differencinï,

rt :

Ay¿. These variables

light the features of the business cycles

Definition 1.

as outlined

will help bring to

in the definitions.

Deepness. Sichel (1993). The process

{rt}

i,s sai,d to

be

{rr}

i,s sai,d

to

be

the procêsses

x¿

non-deep (non-tall) i,ff r¿ i,s not slcewed:

E[(",

where

-

F,)3]

¡;, is the mean of the detrended

Definition 2.

:0.

process.

Steepness. Sichel (1993). The process

non-steep i.ff A,r¿ 'is not slcewed:

E[(Az,)3]

These two definitions establish

:

s.

that positive

skewness of

and Aø¿ implies tall and steep expansion and negative skewness implies steep

and deep contractions. In other words, deepness dictates whether troughs
have a longer duration than peaks while steepness indicates whether the
speed at which the economy reaches the trough is faster than

it reaches the peak.
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that at which

Definition 3. McQueen and Thorley (1993).
be

The process

{rt} i,s sai,d to

non-sharp i,f the trans'iti.on probabi,li,ti,es to and from the two outer regi,mes

are i,denti,cal:

prnr:
where

p,n¡a o"nd, pbn: pMrn,

for all m * I, M;

and,

p¡a

:

pMr,

M is the number of regimes as defined before. In the case of

a two-regime modei, non-sharpness requires that the transition matrix be
symmetric , ê.8., ptz
and

p21

:

:

p2r, while in a three-regime model, pts

:

pst,

ptz

:

pB2,

P2s.

Sharpness addresses the question of whether troughs are sharper than

peaks. These characteristics of the business cycle are investigated for each

of the North American countries. The rejection or acceptance of the null
hypothesis of business cycle asymmetry across countries wiil be based on the

Wald tests suggested by [Clements and Krolzig (2001)], and will also dictate
whether there is synchronization of the business cycle across countries that
justifies monetary union

4.2.2 Common Cycle Between North American Countries
The investigation of a common cycle between Canada, Mexico, and the
United States is carried out according to the two-step procedure recom226

mended by Krolzig (1996). In the first step, the Johansen maximum likel-

hood procedure for testing for cointegration (long-mn relationship) between

the observables is implemented in order to obtain the cointegrated matrix.

In the

second step,

in case a long-run relationship is confirmed, an MS-

VECM [i.e. an MS-VAR with the cointegrating vector incorporated] is estimated with the expectation maximization (EM) algorithm in order to capture

short-run dynamics. Otherwise, a pure MS-VAR is estimated via the same
technique.T

The test used to uncover whether the three countries share a common
cycle follows Hamilton and Perez-Quiros's (i996) original contribution. The
idea put forward by Hamilton and Perez-Quiros is that, given two difference-

stationary series (Lg¿, A,n,) independent of each other for all ú and
whose dynamics are driven by the unobserved states ("r,

",)

ness cycle, the log likelihood for each series can be expressed

TT

Ðloe

f(LAtltr: j,zti1) and (,(0") :

Dloe f

r,

and

of the busi-

as (.(0) :

(Lr¿ls,: i,2,,0,).0

ís a

-_1

vector of population parameters that contains, among other elements, the

transition probabilities and the means or intercepts,

z¿

is a vector of ex-

7In either case, MS-VAR or MS-VECM, shifts in some of the parameters (intercept
and variance) are introduced and since the Johansen procedure becomes standa¡d in most
time series textbooks, its details a.re regurgitated in the empirical section of this paper.

227

ogenous variables, and

/(x) is the conditional density function. It is not

difficult to realize that the maximization of each log likelihood function sub-

ject to the constraints that the sum of the probabilities be equal to 1 and
positive each will produce the á-"*, and hence, the [,(0^u*). Using the independence assumption for two random variables

p,,s(r,A)

: p,(r)

lf,,r(*,A)

: Í*(r)

x fn(y) or

x ps(A)], it becomes clear that the log of the joint density

function is equal to the sum of the logs of the marginal density ftmctions
and its maximum level could be obtained through the same maximization
process. The key in all these is that the joint density function assumes that

the states are the same for both series while the univariate estimations

as-

sume they are different, the same holds for the remaining parameters of the

models. Hence, by comparing the log likelihood of the joint model with the
sum of the log likelihoods of the univa¡iate models, one can form a decision
as

to whether the two series share a common cycle. As Peersman and Smets

(2001) nicely put, in aL n
one with n

- I

-

countrg model partitioned into two submodels,

countries and the other with the nth cowtrv.

if the sum of

the log likelihoods that results from the estimations of those two models is
greater than the log likelihood of a model with the full sample of n countries,
then the null hypothesis that the nth country shares a the same business cycle
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as the remaining n

-

L countries is rejected

l(LR--, + LR,1h)

,

trR"). It

is

also the case that one could rely on Akaike and Schwarz information criteria

(i.e, the liketihood corrected for the number of parameters in the model) in
order to rule whether to reject the null hypothesis of a common cycle.

5

Data arrd Data Analysis

The quarterly data used in this study are the seasonally adjusted industrial
production indexes for Canada, United States, and Mexico. They were taken

from the CD-ROM of the International Financial Statistics of the Interna-

tional Monetary Fbnd (IFS

- IMF)

and cover the period 1963:3

- 2002:4.

The growth rate as well as the levels of the va¡iables are relevant for this
econometric exercise. As a matter of fact, the growbh rate of industrial pro-

duction index is needed for the univariate Hamilton's model while the levels
are needed for its generalized version, which requires a cointegration test in

order to determine whether one has to go with MSVAR or MSVECM.s

A preliminary analysis of the rough data [see Figure 1] shows the

pres-

8As will become clear latter, the growth rates of the variables are not suitable for
cointegration test because each one is stationary. That is, integrated of order 0, I(0) lsee
Johansen and Juselius (1992)].
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ence of outliers

in the series of each country, which might render statis-

tical inferences about the model a bit weak. In order to get around this
problem, a sofbware developed by [Gomez and Maravall (1992)], namely, the

TRAMO/SEATS programme, which is also a subroutine in EViews 4.1, was
used

to purge the data from the effects of outliers.e The series were then

tested for a unit root by using the Augmented Dickey-F\rller (ADF) and
Philtips-Perron (PP) tests. Table 2 shows the results corsistent with a trend
and an intercept term underlying the data. Only for the levels of the variables had the first differences to be taken in order to achieve stationarity. In

few words, Both tests concur that the growth rate variables are I(0) and the
Ievels of the variables are I(1) at the ITo Ievel of significance.

Figure 1 about here
Table 2 about here

Further analysis of the data displays facts that are summarily important
in a preliminary assessment of business cycle linkages between Canada, Mexico, and the United States. As can be seen from Table 3, the descriptive
etRAttlo

stands for "Time Series Regression with ARIMA Noise, Missing Observations, and Outliers" and SEATS stands for "Signal Extraction in ARIMA Time Series."
For details regarding how these programmes work, the interested reader is referred to the
Eviews 4.1 and the authors webpages for free downloads and other information.
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statistics of a quarter to quarter growbh rate over different subperiods reveal
some quite interesting features. Firstly, all three countries have consistently

experienced a positive average growth rate in each of the last four decades
despite major historical economic events such as oil shocks, debt crisis, and

international conflicts. Secondly, each country achieved its highest mean
growth rate in the 1960s, which confirms the last decade of the Golden Era.

Finally, both U.S. and Mexico have recorded their lowest performances in
the 1980s (0.50 and 0.690 percent, respectively) while Canada has seen its
worse in the 1990s by averaging 0.51 percent. These statistics suggests that

the three countries tend to move together over time, however, caution must
be exercised here because the table does not supply any information about

the recession phases of the business cycles.

Table 3 about here
For the overall sample [1963:3 - 2002:4] in Table 3, even though the U.S.
has recorded the lowest meân quarterly growth rate,

it has been the least

volatile economy of all three countries, as measured by a standa¡d deviation

of 0.805. This pattern slightly changes when the focus is shifted towards
the subsamples. Nonetheless, Mexico is, as many observers would expect,
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the most volatiie over the four decades and the full sample. As to the link
between the three economies measured by the contemporaneous correlation
coefficient, Table 4 dictates that, given

atl2

rule, there is a strong positive

correlation of the growih rate of output between Canada and the United
States over ali the periods but the 1960s. The correlations between Mexico

- Canada and Mexico - United States are weak and positive for all periods,
except for the 1960s where they are weak and negative. However, when the
levels of output are used instead [see Table 5], a strong (close

to perfect)

positive correlation is uncovered between the three countries.

Table 4 about here

Table 5 about here

6

Empirical Results

This section presents the empirical results of the model estimation and stresses
the two components of the business cycle research advanced by Diebold and
Rudebusch (1996), asymmetry and co-movement of economic variables. As
such, the analysis is carried out in different stages. The first stage consists

in estimating a univariate Hamilton-type model for each country in order
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to determine whether such model has the ability to capture the

business

cycle dates proposed by the NBER and the Economic Cycle Research Insti-

tute (ECRI). At this stage, features of the business cycle such as steepness,
deepness, and sharpnessl0

that are possible to analyze within the univariate

framework are given full consideration.

In addition, the smoothed

proba-

bility of being in a recession (regime 1) extracted from the Hamilton model
is used in a cross-correlation and contingency coefficient (a non-parametric
approach) analysis in order to inform whether there is any similarity between

the business cycles of the three countries that opens the way to study the
co-movement of the variables in a system approach.

In the second stage, the Johansen maximum likelihood estimation is used
in order to uncover long-mn relatiorship between the three series. Upon findings that there is no cointegration between the variables, a MSVAR instead

of a MSVECM is employed in the last stage in the investigation of common
cycle.

6.1

The Univariate MS-AR Models

l0These are the three pillars on the investigation of asymmetry of the business cycle as

outlined in the methodology.
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The estimation results of this section are all computed via the MSVAR1.31e
package for Ox 3.2 by Krolzig (2003). The generalized Hamilton model used

for each country is based on the Akaike, Hannan-Quinn, and Schwartz information criteria, abbreviated as AIC, HQ, and SC, respectively. Table 6 shows

that a Markov-switching- intercept-heteroschedastic model with 3 regimes
and 4 lags [MSIH(3)-AR(4)] is the best representation for the Canadian business cycle, whereas a Markov-switching-mean heteroschedastic model

regimes and

with

3

3 (4) lags [MSMH(3)-AR(3), -AR(4)] is proven to be a good

approximation for the Mexican (U.S.) business cycle.11 The three regimes
corsidered are recession, normal growth, and high growth and are classified
as regime 1, regime 2,, and regime 3 respectively.l2 The features of

ness cycle of Canada, United States, and Mexico a,re given

the busi-

in Figures 2, 3,

and 4, respectively. In each quadrant, there are four panels. The first panei
shows how well the mean value of the dependent variable generated by the

Markov-switching process approximate the true data series. The resultins
11In the case of the United States, SC prefers MSMH(3)-AR(3) to MSMH(3)-AR(4).
Since the difference between the two is really small, the MSMH(3)-AR(4) was chosen as
it is also the model indicated by AIC and HQ.
12The choice of 3 instead of 2 states is based on a top-down testing. It does not make
sense to test from 2 states to 1 state because the rejection of the null hypothesis of two
states would mean the countries have either experienced boom or lecession over such a
long period. Such conclusion would be erroneous when there periods of disturbances that
are well marked. The details are not reported in this paper.
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regime probabiiities â,re shown in the lower three panels. Each of these panels contairs the fiItered, smoothed, and predicted probabilities of the regime

in question. The filtered probability fPr(s¡
as

: mlY); n'L e Ml is considered

the optimal inference on the state variable that results when each obser-

vation is assigned to a particular state and that only information available
up to that time is taken into consideration. The smoothed probability by
contrast is based on the full sample information whereas the predicted prob-

ability

uses

all available information at time

ú

-I

[see Clements and

Krolzig

(2000); and Hamilton (1994)]. These figrues show that the models adopted
are capabie of not only capturing most of the recession and expansion periods established by NBER and ECRI but also those contractiors that have
occurred in the early 2000s.13

Table 6 about here

Figure 2 about here
Figure 3 about here
Figure 4 about here
l3The best way to understand these figures is to look at the origin at the first panel.
Ups (normal or high growth) and downs (recession) in the mean are reproduced in the
lower panels as areas that correspond to the different regimes. For example, a high spot in
the recession diagram corresponds to a flat spot in the normal and high growth diagrams.
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Table

7

summa¡izes the results of the univa¡iate exercises.

It

shows

that each country's model clearly differentiates between the different

phases

of the business cycle. Regime 1 depicts recessions with a negative

average

rate. Regime 2 represents normal growth with a positive

average

growth

growbh rate, and

with a higher mean, regime 3 characterizes high growbh

episodes afber recessiors. The table also reports the duration of each phase

of the business cycle that partly confirms [Bonomo and Tanner (1972)]'s
contention that the duration of Canadian cycles is shorter than that of the

United States. In Canada and in the United States normal g¡owth prevails

for approximately 16 and 11 quarters respectively while in Mexico recession
prevails for 4 quarters. The shortest duration is for high growbh

in both

Canada and Mexico and for recession in the United States. In respect to the
frequency of the state, the probability of being in Regime 2 is 57.4% for the

U.S., 88% for Canada, and 46To for Mexico. This fact con-firms that Mexico
is the least likely to experience sustained economic growbh among the three

North American economies. Moreover,

as indicated by the standard error

of

the regimes, Mexico's ecoûomy is more volatile than the U.S. but less volatile

than Canada in periods of normal growth. However, the most volatile regime
is recession for the United states, high growth for Mexico, and normal growth
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for Canada with a standard error of I.58,2.04, and 1.09, accordingly.
Table 7 about here

In order to uncover the link

between the business cvcles of the three

countries, the paper compares the recession dates inferred by the smoothed

probabilities. Table 8 displays the results.

It

shows that the three countries

have experienced recession concurrently during three episodes: afber the first

oil shock in the mid 1970s, afber the second oil shock and with the emergence

of the debt crisis in the early 1980s, and in the early 2000s. This finding
confums Krolzig (1997a,b) that worldwide shocks are partly resporsible for

the co-movement of output growbh at the international level. In addition, it
could also be observed that Canada and the United States sha¡e most of the
recession periods. Most importantly, the double dip recessions in the 1980s

in the U.S. and the two strong contractions in 1981/1982 and in 1990/1991
documented in [Krolzig (1997b)] are also captured in the table. Figure 5 sheds

more lights by showing graphically the smoothed probability of Regime

It

becomes clear

that Canada and the U.S. are more closelv related to

other than they are related to Mexico.

Table 8 about here
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1.

each

Figure 5 about here

F\uther analysis of the link between the countries leads to consider the
pattern of the trarsition probabilities. That is, the probability that regime j

will materialize in period

t.

t*l

given the fact that regime

i prevaiis in period

The regimes can also be the same in both periods, in which case their

probability will indicate the persistence of that episode. Table 9 presents
the matrix of transition probabilities. On the basis of a 112 rule, the tables
demonstrates that the probability

that a contraction (normal growbh) will

be followed by another quarter of contraction (normal growth) is relatively
persistent in all three countries.la However, only in the United States where

the high growth regime is highly persistent with a probability

(6)

of 84%.

The probability of falling from high growth mode to normal growbh is only

high for Canada (almost I00%) and Mexico (58%). There is not too much
difference across the three countries in the transition from high growth regime

to recession, the probability is very close to zero in each case. In reference to
the shifb from normal growth to recession, Mexico has the highest probability

of all, around 13%. Mlhereas, being in recession, Canada has the highest
laBy relative persistence, it is understood that for some regimes the probability is above
70 percent while for others it is between 50 and 60 percent.

238

probability (arorind 34 percent) of aII of moving into expansion. In sum, the
insight gathered from the matrix of the smoothed transition probabilities
is that the turning points of the business cycles are more inclined towards
symmetry than asymmetry.

Table 9 about here
Testing for asymmetry is one of the features of the business cycle that the

univariate models enable resea,rchers to explore and is one of the two mile'
stones (with cG-movement being the other) of this paper. This test is carried

out in three facets as described in the methodology. The nuìl hypotheses are
non-sharpness, -deepness; and -steepness. Table 10 presents the information

on those tests. Sharpness determines whether troughs are sha.rp or peaks
are rounded or vice versa.

In other words, it

sheds light on whether the

turning points of the business cycles are asymmetric. For all three countries,
the test fails to reject the null hypothesis of non-sharpness and one therefore
concludes that the turning points of the business cycle

in

each country are

symmetric.

Table 10 about here

A similar analysis is done for deepness, which dictates whether troughs
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have a longer duration than peaks. Again, for all the three countries, the

null hypothesis of non-deepness could not be rejected, thereby leading to
the conclusion that troughs have shorter duration than peaks. This finding
a,grees

with [Burns and Mitchell (19a6)] well-known claim that business con-

tractions are briefer and more violent than expansions. The null hypothesis
of non-steepness is rejected at the 1% significance level for United States and
Canad.a

but failed to be rejected even at the

10 percent significance level for

Mexico, which indicates that the speed at which the U.S. and the Canadian
economies reach the trough is faster than

that at which they reach the peak.

The converse is true for Mexico. In sum, these three criteria indicate that
business cycle within each country is symmetric and, taken together, the

three countries follow the same cycle patterns.

The synchronous nature of the business cycle across the three countries is

further examined by focusing on the cross-correlation matrix of the smooth
probability of being in a recession at different leads and lags. Table 11 contains the results.

It demonstrates that there is a positive

contemporaneous

correlation of the recession regime across the three countries on a pairwise
comparison basis. With the exception of Mexico-Canada [(Mexico.U.S.) and
(Canada-U.S.)],

rp to lag (lead) 4, one could still observe that positive rela240

tiorship of the smooth probabilities. In fact, the light shed by this exercise is
that there is ground to explore whether the three North American countries
share a common cycle, which is the second milestone of this paper and which
necessitates a system approach.

Table 11 about here

Mlhat [Artis et

al.

(1999)] have also argued is

that one may first wish

to explore a non-parametric procedure in order to uncover the cycle regime
co-movement across countries, before boarding the MS-VAR venue. This
procedure consists in defining a binary time series variable for each country

that takes the value of 1 if the smoothed probability of being in a recession
is 0.5 or above and zero otherwise. In other words, recession periods are
assigned 1 and growbh and high growth are assigned

countries (i,

j),

one obtains

0.

For each pair of

a2x2 contingency table that records expansiors

and recessiors frequencies as seen in Table 12. The next step boils down

to computing via Eviews 4.1 the

Pearson's contingency coefficient

that

is

corrected to take values between 0 and 100:

CC"orr:

ffi,OO
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(6)

| ^z
^z 1 å {,,r_*çui,,
whereCC: J-z--= and¡ :Ð¿__=@/v
N+x
i':oj:o
V

In additioyr,

TLi.j,

for

i.,

j : {0,1}

is the number of periods for which the

two countries are either in the same or in different states and
number of observatiors. The interpretation of the

l/

is the total

CC*,, is analogous to the

correlation coefficient in that the larger the measure the larger the association
between the two series [see Eviews 4.1 manual, pp 210-213].

^

CC.o,, of

100

indicates that the countries always experience expansion and contractions

at the same time and thereby have the same business cycle turning point
dates. A, CC*,, of zero implies absence of commonality. These normally
extreme cases. However,

it

a,re

is customary to base decisions on some types of

rule. For example, [Mejia-Reyes (1999)] used an arbitrary classificationls in
his classical business cycle analysis on Latin America, whereas [Artis et al.
(1999)] relied on a threshold level of 50 percent in their study on European
business cycle. Using a similar rule (see Table 13), this paper reaches a partial

conclusion

that there is a high commonality of exparsion and

recessions

between Canada and the United States, as evidenced by a CC"o,, of 57.4

percent. For the other two pairs of countries, Canada-Mexico (37.0 percent)
liCC.or, > 60% 4((sf,¡q¡¡g" association
40% < CC"o* I 60 + "m'ild" association, and below
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40%

---; "weak"

association.

and U.S.-Mexico (38.07 percent), a low association was found over the full
sample period.

Table 12 about here
Table 13 about here

Although the result on U.S.-Mexico reported here is far above MejÍaReyes's 20 percent association,

it

remairs a surprise to observe that the

business cycle linkages between the two advanced nations in North America

and Mexico are almost the same despite the fact that Mexico is far more
closely related

to the U.S. than it is to Canada in terms of international

trade. The findings from the CC"o,, seem to have confirmed the belief that
countries with the same degree of economic development are likely

to

be

subjected to the same business cycle.

However, before heading

to the

com.mon cycle study, the paper checks

whether the in-ferences from the models are reliable by analyzing the struc-

tures of the estimated errors, despite the insight gathered from the infor-

mation criteria about the suitability of these models. Figures 6, 7, and
B show the paths of the errors associated

with the [MSIH-AR( ); MSMH-

AR( ); MSMH-AR(3)] models for Canada, United States, and Mexico, re.
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spectively. The left-hand side of each gaph reports the one-step predicted
and the smoothed errors whereas the right-hand side displays the smoothed

standardized residuals that are corrected for regime

shifts. According to

[Krolzig (1997a) Ch. 7, Krolzig and Toro (2000)], one should expect the
standardized residuals to be Gaussian and the predicted errors to be non-

normal. The statistical properties of these innovations plotted in Figures

9,

10, and 11 clearly demonstrate these facts. The dersity ftrnctionsl6 and the

Quantile-to-Quantile (QQ) plots reveal that the standardized residuals are
closer

to the normal distribution. Most importantly and as shown by the

correlograms, there is little or no autocorrelation lefb in the errors.

Figure 6 about here
Figure 7 about here
Figure 8 about here
Figure 9 about here

Figure 10 about here
Figure 11 about here
Having established that the models used fit the data fairly and that there
loAttention must be given to the scale and the standard deviation in case there is any
confusion as to which innovations (predicted or standardized) are closer to the normal
distribution.
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is a high degree of synchronization of the business cycie of the three countries

the M SV A,R is used in the next section in order to investigate the existence

of a common cycle in North America by focusing on the stochastic

process

of the industrial production indexes.

6.2

Common Cvcle

The investigation of a common cycle in North America is carried out according to the two-stage procedure proposed by [Krolzig (1997a)]. The first stage
consists

in testing for long-mn relatiorship between the level of industrial

production indexes by using the Johansen's maximum likelihood procedure.
Upon detection of cointegration, the estimated cointegrated matrix is incor-

porated into the system in order to give rise to the estimation of a Markovswitching vector equilibrium correction model (MS-VECM), or a MS-VAR

in the second stage, if there is no cointegration. The expectation maximum
likelihood procedure (EM algorithm) is used at this stage.
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6.2.L Cointegration Analysis
The basic model for the multivariate cointegration analysislT is a k-dimensional

vector autoregression (VAR) of the non-stationary endogenous variables

gr¿

with p lags and white-noise innovations. This model may be augmented to
incorporate, a trend, an intercept, a vector of exogenous variables, seasonal
and intervention dummies. In order to keep the representation simple,

it

is

expressed as:

At: AtAçr f

...

* Apvt-ol €t

(7)

where A¿ is a polynomial lag coefficient. Afber some manipulation, this
expression can be rewritten in a more usable form as:

La,

:

p-7

lraçt* Ðrunrr- ¿* et

pp

where

lI : ÐA¿-.I

and l¿

rRl

: - Ð A¡ However, the key feature to note
j:¿+t

as asserted by the Granger theorem is

that if the rank r of the matrix

fI

is

l7The theoretical aspects of cointegration analysis can be found in any popular times
series textbook and software manuals. The exposition in this paper follows closely Enders
(1995), and Eviews manual 4.L. h is intended to make matter easier for the reader.
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less

than or equal to the k dimensional vector of endogenous variables, then

there are multiple cointegrating vectors. Precisely, there exist

a

and

0,

each

with rank r such that

kxr

matrices

fI - aP'. o is the coefficient matrix

that captures the speed of adjustment (short-run relationship) in the vector
error correction model and B the matrix of cointegrating parameters. The
possibility to order the k characteristic roots À of the matrix
such

fI in a manner

that À1 ) À2 ) ... ) Àr leads one to consider several cases.

example, rising the generalization ln(I-),¿) and given that ln (1)

:

For

0 if there

is no cointegration between the variables the À" will be zero since the rank of

fI

is zero, Àr will fall between 0 and 1 when rank

ln (1-À2)

:

...

:

1n(1- Àr)

:

(II)

:

1 as ln(1-À1)

(

0 and

0. Since the rank of a matrix equals the number

of its characteristic roots that are nonzero. onlv these roots can be retrieved
from the process. Johansen used the maximum likelihood procedure to obtain

the

lI matrix and employed

the following two statistical tests (the Tlace and

the Maximum Eigenvalue) to rule whether to reject the null hypothesis of
cointegration:

Àr,o""--T

!i:r]-l- m1r-,lo¡
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(e)

À*u*(r,r + 1) where

from the

i,

-Tln(l

- i'*r)

(10)

ur" the estimated values of the characteristic roots extracted

lI matrix and 7 is the sample size.

The trace statistic tests whether the number of cointegrating vectors are
Iess

of

than or equal to r while the maximum eigenvalue test the null hypothesis

r against r * I cointegrating

vectors. The decision rule is that one must

reject the null hypothesis whenever the computed statistic is greater than the

critical value, in this case, obtained by Johansen and Juselius (1990) through
Monte Carlo simulation.

The cointegration test for uncovering long-run relatiorships between the
level of industrial production indexes of Canada, Mexico and the United
States was carried out with four lags, a trend, and an intercept

term. As

shown in Table 14, the Tlace and Maximum-eigenvalue tests reject the null
hypothesis of cointegration at both the 5 and 1 percent levels. Therefore, the

model under consideration is of MS-VAR type instead of MS-VECM.

Table 14 about here
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6.2.2 The Multivariate

MS-VAR,

A multivariate generalization of the MS-VAR model is carried out in the
second stage

in order to determine to what extent one could extract

and

date a North American business cycle. For this prupose, a Markov switch-

ing vector autoregression with regime-dependent intercept and covariances
is chosen on the basis of information criteria. AIC, HQ, and SC reveal that

MSIH(3)-VARX(1) is a better suited model for the data on industrial production index of the three countries. The model also contains an exogenous
dummy variable, namely X, that captures the shift from the Gold Standard
era to a period of dirty regimes in North America.
1963:3

It takes the value of 1 from

to 1972:4 and 0 over the rest of the sample. The optimal lag length

of 1 was chosen on the basis of the bottom-up procedure recorlmended by
Krolzig (1997). Also worth mentioning is the use of a three-regime model in
order to pick up recession, normal gtowth, and rapid growth.18

The estimated parameters of the model using quarterly data for the pe-

riod

1963:3-2002:4 are shown

in Table 15. The different regimes are well

marked by the direction and the magnitude of the intercept terms. Regime

1

184 two regime-model has been criticized on the grounds that it is too restrictive to
capture both recessions and rapid growth episodes. A four-regime model in contrast bea¡s
computational burden and is therefore not recommended.
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depicting recession appears with a negative value. Regime 2 reflecting periods of normal growth is captured by a positive intercept value that is smaller

than Regime 3 of rapid growth episodes. The trarsition probability matrix
reveals that the regimes are persistent when

aI/2 rule is chosen as a bench-

mark and that there is an equai probability (16%) of moving from normal
and from high growth to recession. However, the converse is not true, the

probability of going from normal growth to recession (L2.23%) is three times
higher than going from high growth to recession. The duration of the regimes
confirms that recessions are briefer than exparsions in North America. A recession lasts less

than a year, normal growih about 2 years and rapid growbh

a little more than a year. Partly, these are stylized facts that established
the predictions of the model fall within certain ra,nge of expectatiors about
the regimes and the normal state of the economy as being reckoned in the
Iiterature.

Table 15 about here

The contemporaneous correlation matrix of growth shocks presented in
Table 16 shows that periods of recessions in United States are higkrly (above
50%) positively correlated with those

in Canada. By contrast, a weak
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neg-

ative correlation characterizes U.S.-Mexico (-4.86%) and Canada-Mexico (-

1I.52%). The degree of association of Regime 2 across the three countries
displays a quasi-similar picture except that the link between Canada and the
U.S. is now weaker (25%). In terms of regime 3, the only thing that changes

is that correlation between the United States and Mexico is positive. The

volatility of the North American business cycle is mostly due to Mexico's
contribution as evidenced by the standard errors, the highest of all

[see Ta-

ble 17]. Overall, the results being interpreted so far show that the North
American Business cvcle uncovered in the multivariate framework is not too
different than the combined results obtained from isolated univariate cases.

which unequivocally suggests a closer link between U.S. and Canada than
between Canada-Mexico and Mexico.United States. The next step is to de-

termine whether the dates inferred by the smoothed probability of recession
of the system are close to the official dates of recession dictated by the NBER
and ECRI for each countrv.

Table 16 about here
Table 17 about here

The procedure of classifying the regimes and dating the business cycle
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is the same as in the univariate cases. Each observation is assigned to
regime on the basis of its smoothed probability value (a

old). However, in the multivariate

Il2 rule thresh-

case, the inference is made by

corsideration the whole set of data points [see Artis et

a

al.

taking into

(1999)]. Table

18 demorstrates that the trough dates extracted from the common cycle
are fairly close to the dates reported by the NBER for the U.S. and by the

ECRI for the three countries. The complete regime probabilities (filtered,
predicted, and smoothed) of being in any given state are presented in Figure
12. The interpretation of these graphs are as explained in the univariate cases
above (see footnote 11 ). fn sum, the exercise indicates that there is a North

American business cycle. However, the research does not stop there. There
are four interesting questions that one needs to shed light

on. The first

is

to find out whether the common cycle is symmetric. The second is to relate
the contribution of that North American business cvcle to each countrv's
cycle. The third is to highlight which country "drives" the common cycle.
The fourth is to test for a common cycle on a pairwise and on a multivariate
settings. Answers to these points follow in the lines below.

Table 18 about here

Figure 12 about here
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As repeatedly mentioned in this paper, investigating business cycle asym-

metry boils down to testing for sharpness, deepness, and steepness, which are
presented

in Table 19. This table shows that the North American cycle is

symmetric as one fails to reject the null hypothesis of non-sharpness at the
SToleveI. This means that troughs and peaks are of the same shape. Each of

the three countries display non-deepness and non-steepness in the common
cycle as one also fails to reject the null hypothesis at the 5% significance

level. In other words, the common cycle is characterized by troughs having
shorter duration than peaks and by recessions being less steep than expan-

siors. These results are not too different from the aggregate picture of the
univariate cases, which on average dictates that ups and downs in the ievel
of economic activitv are svnchronized across the three countries.

Table 19 about here

The arswer to the second question in reference to the contribution of the

North American business cycle to each country can be tackled through the
decomposition of the vector of endogenous variables into two components: a
Gaussian and a non-Gaussian[see Krolzig (I997a, b), Artis et

al. (1999)]. The

Iatter captures the effects of regime switching on the system. For example,
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the MSVAR equation can be written

Lar: A;LA,\¿*

as:

A2L2Ly¿+... + AoLeA,y¿*

u(s¿)

* ¡tl2(s¿)e,

(11)

in a simpler form

A(L)
where A(L)

/ry¿

:

: I - ArL

lag operator -L and

e¿

?(sú)

*

2t /2 þ¿) et

(12)

AoU is the matrix of polynomial in the

is the error term conditional on the states that follows

a standardized normal distribution. Solving for

A,y¿ leads

to the followins

expression:

La,

:

A(L)-t u(sù + A(L)-tYr /2 (s¿) et

Figure 13 presents the results.

It

shows

(

13)

that Canada and the U.S. are

affected in a similar fashion bv the North American business cvcle over the

full sample period, what one would call a very close match. However, the

full process of synchronization of the three countries in the way they are
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perturbed by the com.mon cycle seems to have started afber the debt crisis

in 1982. The 1990s even display a stronger convergence. This finding rejoins
Chriszt (2000) that "Canada appears to be more suited for a monetary union
arrângement with the United States than does Mexico, and that Mexico was
converging to this process."

Figwe 13 about here

The answer to which country drives the common cycle is attempted
through a generalization called the partial autocorrelation (see PcGive

Vol. I, 2001). This technique

resumes

to using ordinary least

10

squares in

order to estimate a linear equation and to interpret the slope coefficient of
a given independent variable as the contribution of that va¡iable to the lefb-

hand side variable, ceteris paribus. In the context ofthis paper, the country

that drives the North American business cycle (NABC) is understood as the
country with the largest slope coefficient. In this exercise, the smoothed
probability of being in recession extracted from the estimation of the multivariate model [MSIH(3)-VARX(1)] is used as the dependent variable, namely

NABC7, where -B stands for recession. The independent variables are the
smoothed probability of being in Regime 1 for each country when the same

255

model is employed

in a univariate setup. As the result demonstrates, the

United States drives the North American Business cvcle:

NABCR: -0.02 l}.t4Canada ]-0.75U.5. *
(0.06)
(0.02) (0.08)

(14)

0.32Meni,co

(0.05)

The standard errors are in parentheses. The influence of the U.S. economy
is even stronger (around 0.92) when a lag is incorporated into the regression.

This finding is by no means a surprise because of the heavy dependence of
Mexico and Canada on the U.S. for trade and investment. Moreover,

it

also

confrms [DeI Negro and Obiols-Homs (2001)] contention that fluctuations in

output and prices in Mexico are mostly originated from movement in U.S.
output, prices, and interest rates. In terms of the feasibility of monetary
union, this finding informs that any time the U.S. is in recession there is a
high probability that the other countries will also be in recession. Since this

state of the economy is of the most concerns for policy-makers,

it

can be

argued that there is no major costs involved for the other nations in entering

monetary union with the United States

The issue related to testing for common cycle is dealt with through both
a bivariate and a multivariate frameworks according to the strategy proposed
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by Peersman and Smets (2001) already described above in the methodoiogy

section. In the bivariate case, the pâper investigates whether Canada or
Mexico shares â common cycle with the U.S., and whether the two share a
common cycle with each other. The results are reported in Table 20. The

Table reveals that Canada as well as Mexico indeed share a common cycle

with the U.S.. The sum of the log likelihoods of each country and the U.S.
taken separately is greater than the log likelihood of a joint model with U.S.-

Mexico and U.S.-Canada.le Normally, by transitivity, one may be rushed to

point out that Mexico shares a coûlmon cycle with Canada. As evidenced
by the data, this would be erroneous. For the Log likelihoods of (Canada

fMexico) is less than the log tikelihood of (Canada and Mexico).
Table 20 about here

The same technique is used in the multilateral setting for testing for
corrmon business cycle in North America. Table 21 suggests that, taken

as

a block, Canada and Mexico sha¡e a common cycle with the U.S., U.S. and
Mexico share a coûrmon cvcle with Canada. But Canada and the U.S. do not
leThe idea here is that by applying the MSIH(3)-VARX(1) to the
data of each country
separately, one obtains the log likelihoods. Then a simple rule is used if Log likelihood of
country i' * Log likelihood of U.S is greater than the Log likelihood from a joint model of
U.S. and country z, then country i shares a common cycle with the U.S.
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share a common cycle with Mexico. These findings may appear bizarre. Yet,

the exercise confirms the bivariate results, and most importantl¡

it

lays the

ground to believe that developed countries' business cycle may in fact differ
from that of less developed countries. As explained above, the tendency in the

literature is to study the pattern of countries with similar level of economic
development, but there has not been any tangible contribution

that

backs

up this practice. In this respect, this paper believes to have erected the basis

for further investigation.
Table 21 about here
As one would expect the predictiors of this econometric exercise are onlv
good to the extent that the model used fits the data well. The suitabilitv

of the MSIH(3)-VARX(1) is

assessed

on the basis of the properties of the

errors. Figure 14 plots the predicted and smoothed errors and the standardized residuals of each country in the common cycle. The statistical properties

of these innovatiors shown in Figures 15 and 16 demorstrate that the standardized residuals follow a normal distribution and the predicted errors are

in accordance with the non-Gaussianity assumption of regime shifting models.20 Moreover, as outlined by the correlogram and the spectral densit¡
20Recall: the smoothed standard errors are corrected for the effects of
reeime shifts.
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there is little autocorrelation left in the errors. In few words. the model used

to arrive at the conclusion reached above is sound.
Figure 14 about here
Figure 15 about here
Figure 16 about here
Overall, the key findings of this paper is that Canada and United States
are most suited to form a monetary union as shown by the business cycle
research. However,

if

one has

to take into account the synchronization of

the business cycle that has been intensifying since the 1990s, there is no
doubt that ups and downs in the level of economic activity in one country
are closely associated with those of the other two countries. Hence, Canada,

United States, and Mexico are good candidates for a monetary union. AIso

of importance is the fact that this research brings more robustness to the
findings of the two first papers of this dissertation.

It

shows that whether

one relies upon the impact of a-once- and-for-all shock on the key economic

variables [the Structural Vector Autoregression Approach (SVAR)] or Markov

switching models where the economy is constantly perturbed, the results are
That is what brings them back to the normal distribution,
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the same. There are no major economic adjustment costs involved for the
th¡ee countries to enter a monetarv union.

7

Conclusion

This paper has investigated the feasibility of a monetary union between
Canada, United States, and Mexico on the basis of the path of their business
cycles. The study is carried out in two phases. In the first phase, a general-

ization of the original Hamilton's model is estimated in order to extract and
date the business cycle of each country. In this process, asyfiLmetry is tested
and one also obtains the regime probabilities of being in recession, which are

then used in a cross correlation and contingency analysis in order to determine whether there are features of the univariate models that may dictate
certain commonality among the three countries. These exercises reveal that
the three countries follow the same business cycle patterns but the speed at
which Canada and the U.S. reach the turning points is different from that at

which Mexico reaches the same. F\rrther evidence demonstrates that there

is a higher degree of concordance between U.S. and Canada than between
{J.S.-Mexico or Canada-Mexico, which seeûls to have confirmed the belief

260

that countries with the same degree of economic development are likely to
share the same business cycle. This paper is believed

to be the first one to

have asserted such claim. As a word of caution. more resea¡ch is needed in

this area.

The second phase of this paper is a multivariate generalization of the
Hamilton model where the three countries are modeled jointiy in a vector
autoregression with switching intercept and covariance matrix. This device is
used in order
a,

to determine whether the co-movement of the variables suggests

common cycle that one can term the North American cycle. This part of the

research is carried

out according to the two-stage procedure recommended

by fKrolzig (1997a)]. In the fust stage, the Johansen maximum likelihood
procedure was used in order to test for cointegration between the levels of

the industrial production index of the countries. The trace statistic as well
as

the Maximum-eigenvalue tests reject the null hypothesis of cointegration

between the series at the 5% significance level. Hence, there is no long-run

relationship between the variables. The cointegration test also enables one

to decide on the type of model to use in the second stage as to whether it
should be MSVAR or MSVECM. The absence of cointegration confums that

the MSVAR is the appropriate technique. The second stage was then carried
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out in order to extract, date the North American business cycle, and test
for asymmetry. By the same process, the regime probabilities of being in

that is based on the full sample

recession

\¡/as recovered and was

a

later used

in 1) the test for a common cycle between subsets of the general model, and
2) the partial autocorrelation. The main results are the fotlowing. On the
basis of business cycle asymmetry, the system-based model display almost

the same picture as the aggregate univariate models, which means that there

is synchronization of the business cycles of the three countries. In other
words, monetary union from this view is justifiable between Canada, United

States, and Mexico. On the basis of co-movement of economic variables,
Canada and Mexico each share a common cycle with United States but not

with each other. When taken as a block, Canada and the United

States

do not share a common cycle with Mexico. These find,ings inform that a
monetary union is only justifiable between Canada and the United States.
However, when importance is given to the process of convergence of the three
economies

that has been amplifying since the 1990s, there is room to argue

that Mexico may be suitable for
though

it

a monetary union

with its NAFTA partners,

is and may even remain "the weakest link."

There may be some competing effects at work in the common cycle re262

search. The fact that the U.S. shares a com.mon cycle with Canada and
Mexico combined, and Canada shares

â,

com.mon cycle

with US and Mexico

combined may simply indicate that in each block the cycles of the developed

countries absorb that of Mexico. If this is really the case, what is being observed in both cases is just that Canada and the U.S. share a common cycle.

Once again, further research may help clarify those points.

What are the possible grounds on which this study may be criticized?

First of all,

it

must have been noted that none of the univariate models

contains a dummy variable that captures the end of the Golden era but

the multivariate model does. One may even wonder to what extent this
fact might have altered the predictiors of the models. However, the simple
ânswer is that these models were also estimated

with a dummy but the

information criteria led to the rejection of these models. Another issue is

that although the paper has underlined the weaknesses associated with
two-regime model,

might be the

case

it

has not gone into testing for such specification.

that a two-regime model might well suit the data of

a

It

one

of the countries [Canada being the most susceptible -see Figure 2]. In this
regard,

it

is worth mentioning again that this path was undertaken but the

information criteria has led to the adoption of a B-regime. The paper does
263

not report those details.

It

would have been quite an accomplishment if this paper could compare

the response of the individual countries' industrial output due to a North
American recession [the transition from regime 2 to regime 1] and the effect

of a high growth regime in North America þhifb to regime B] as in [Krolzig
and Toro (1999), Clements and Krolzig (2000)]. Unfortunately, the sofbware
does not allow for such luxury. Since the impulse response features are part

of the "To do" list of Krolzig (1998), one therefore believes that once these
features are available, the paper could be expanded, in that direction.
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Table 1. The Business Cycle Facts
SUMMARY
Variable
The Cyclical
Production
Behaviour of Key

Direction

Timing

Macroeconomic
Variables

Industrial
Procyclical
Coincident
Production
Durable goods industries are more volatile than nonãurable
goods and services
Expenditures
Consumption
Procvclical
Coincident
Business fixed
Procvclical
Coincident
investment
Inventory
Procvclrcal
Leading
investment
Trade balance
Procvclical
Leadmg
Investment is more volatile than consumption

Labour Market
Variables
Employment
Unemployment
Average labour
productivity
Real wage
Money Growth
and InflatÍon
Monev Growth
Inflation
Fina ncr t
^
Variables
Stock pnces
Nomrnal mterest

Procvclical
Countercyclical
Procyclical

Coincident
Uorncrdent
Leading

Acyclical

Procyclical
Procyclical

Leadmg

Procvclical
Procyclical

Leading
Lagging

Lagging

rates

Real rnterest rates

Acyclical

Note: Thís table is takenfrom Abe
299. Variables that move in tlte same direction as the phases of
the business cycle are said to be procyclical. Those thøt move in
opposite directíons are countercyclical. lVhen there is no clear
pattern, these variables are consídered acyclical. In terms of
timing, variables that are considered as leading varíables
announce the business cycle, while the lagging variables display
the ups and downs after the occurrence of the business cycle.
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Table 2. unit Root Tests for both output Levels and Growth
nited States

ADF and PP Criti.cal

valu

.

Table 3. Descriptive Statistics for Growth Rates of
Index (quarter
uarter to quarter, %o)
Yo
Mean
Std. Deviation
Canada
1,963:3 -2002:4
0.853
r.78s
1960s
r.778
r.140
1970s
0.970
1.566
1980s
0.583
2.517
1990s +
0.510
r361
Mexico
1963:3 -2002:4
1.259
2.328
1960s
2.410
2.028
1970s
1.624
2.408
I 980s

1990s +

United States
1963:3 -2002:4
1960s

Quarterly Industrial production
Minimum

Maximum

-4.664
-0.437
-4.665
-3.198
-3.088

7.416

-6.t75
-0.980
-3.200
-5.242

0.690
0.844

2.381
2.163

-6.t75

0.805
1.600

r.606
0.974
2.276
1.610
L055

-0.650
-7.925
-4.049
-2.240

I 970s
1980s

0.800
0.500
1990s +
0.653
I9ó0s = 1963;3 - 1969:4; 1970s:

-7924

3.972
3.811
7.420

2.870
6.690
6.656
6.700
5.530
5.839
4.440
3.661
4.440
4.142
2.101

1

2002:4

Table 4. Correlations Between Growth Rates of Industrial production Index
Mexico
United States
Canada
1963:3 -2001:4
0.163
0.610
1960s
-0.005
0.284
1970s
0.080
0.595
I 980s

0.150

0.651
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1990s +

0.r12

0.760

Mexico
1963:3 -2001:4

0.260

1960s

-0.0t2

1970s

0.250
0.210
0.280

1980s
1990s +

I9ó0s: 1963:3 - 1969:4; 1970s: 1970:I
1990s +:1990:1 -2002:4

-

Table 5. correlation Between Levels of rndustrial production Index

Canada
Mexico
United States

Canada

Mexico

United States

1.000000
0.975929
0.986167

0.975929
1.000000
0.973392

u.9t3392

0.986167
1.000000

Table 6. Choice of Univariate Markov-SwÍtchins Model
Canada
AIC
HQ
MSMH(3) - AR(3)
3.7256
3.8453
MSMH(3) - AR(4)
3.7097
3.8379
MSrH(3) - AR(3)
3.7417
3.8613
MSrH(3) - AR(4)
3.6897
3.8179
Mexico
MSMrr(3) - AR(3) 4.s318
4.6514
MSMH(3) - AR(4)
4.s406
4.6687
MSrH(3) - AR(3)
4.5396
4.6593
MSrH(3) - AR(4)
NC
NC
United States
MSMH(3) - AR(3)
3.23t0
3.3506
MSMH(3) - AR(4) 3.2212
3.3494
MSrH(3) - AR(3)
3.2679
3.3961
MSrH(3) - AR(4)
3.2545
3.374r

SC

4.0202
4.0252
4.0362
4.0053
4.8263
4.856r
4.8342
NC
3.5255
3.s367
3.5875
3.5490

Note:
NC : No convergence even after 150 iterations.

274

Table 7. Estimation Results of the MS-AR of Each Country
United States
Mexico
Mean
Intercept
Regime I
-r.6078
-r.5792
Regime I

Canada

R.egime 2

0.8203

Regime 3
Autoregressive
Parameters

0.8534
2.2777

1.1

850

Regime 2
Regime 3

2.9704

r.9969
s.9304

-0.2060
0.0915
0.2792

crq

0.5706
-0.2702
0.2415
-0.1499

0.3015
0.0989
0.0583
-0.2254

Dunation
Regime 1
Regime 2
Regime 3

3.38
10.59
6.22

3.63

2.16
16.27

01
4,2
0,3

2.37
r.75

1.00

Probability
Regime I

0.1 836

Reg me2
Reg me3

0.5747

0.24t7

Standard Error
Regime I
1.s787
Regime 2
0.5744
Regime 3
0.9368
Log-lÍkelihood
-232.03
LR linearity test:
61.011
Sample 1963:3-2002:4
Other altemative tests to the LR test inc
DAVIES: [0.0000]** DAVIES: [0.0(
* and ** indicate 5 and I percent signifì

0.2095
0.4548
0.3357

0.1017
0.8791
0.0192

r.7322

0.88792
r.0947
0.7366
-268.11

1.081

I

2.0443
-336.21
20.59
ude:

34.33

Chi(4): [0.0000]x* Chi(10): [0.0241]*

751**

cancel@

Table 8 ComparÍson of Recession Dates Based on the Smoothed Probabilities
United States
Mexico
Canada
r970-1972
1970:2 - l97I.'2
1970:3 - 1970:3
73-75
75-78

1974:2

78-80
80-82
82-84
84-86
86-88

1978:3
1980:4

-

l97I:3 -1971:4

1975:I
1975:3
1976:4

- 1978:3
- 1981:1
1,982:2 - 1983:2

- 1975:3
- 1977:2

1975:l -1975:3

1980:4
1982:4

-

1984:2

1980:4

-

1984.3

1982:l -1983,'2
1984:3

1986:2- 1987:2

-

¿/)

88-90
90-92

1988:3

I99l:2-

-1989:l

l99l:1

- l99l:3
1992:2 - 1992:2

1991:3

9'¿-94

94-96
1995:2 - 1996:l
96-98
1998-2000
2000-2002
2001:2 -2002:2
2001:2 - 2002:3
2001:3 -2001:3
Official Business Cycle Dates
1) NBER-USA: Feb. l96l -Nov. 1970- March 1975 - July 1980 -Nov. 1982March 1991.
2) ECRI - Mexico: Jan. 1983 - Aug. 1986 - July 1988 - Aug. 1993 - Apr. 1995
Jan.1999.
3) ECRI - Canada: Nov. 1964-Feb. 1968 -I|l4.ay 1970- Sep. 1972 - Jan. 1975
Sep. 1977 - May 1980 - Jul. 1982 - Nov. 1986 - Feb. 1991 - June 1996 - July
1998.
Sources : http ://www.businesscvcle.com/research/intlcvcledates.php
http://www.nber.org

-

-

Table 9 Probability of Transition Between Regimes
Regime I
Regime 2
United States

Regime 3

Reg mel
Reg me2

0.2r14
I.29le-005

Regime 3

Mexico
Regime I
Regime 2
Regime 3
Canada
Regime I
Keglme 2
R.egime 3

0.7045
0.0944
9.óEðe-008

0.08406
0.9056
0.1607

0.8393

0.7245
0.1269
4.573e-008

3.379e-005
0.5773
0.s726

0.275s
0.2957
0.4274

0.5375
0.0535
0.0002076

0.3427
0.938s
0.9998

0.1198
0.007983
3.447e-009
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10 Asymmetry Testing

Sharpness
P

12: p_32

P

13:p-3l

P

2l

: pJ3

Deepness

United States

Mexrco

0.4696 l0.92ssl
0.4s64 10.4e931
0.0005 [0.e827]
0.010e [0.9169]
0.8163 [0.3663]
7.8923 [0.00s61*x

Canada

r.s77r

2.e64
0.053

[0.66461

0.01e5 [0.8888]
0.0036 [0.9s20]

t.ss24

0.4601

10.21281
10.4976J

10.39721

[0.8180]
[0.8473]
2.8647 [0.0905]+
o.ee08 [0.3196]

0.037r

Steepness
r.706r [0.1915]
20.797 [0.OOO01x*
I ne values m bracKets represent the probabilities of Chi'(l) under the null hypõtflêsis
and

*

indicates significance at the 10 percent level.

Table 11 cross-correlations
NS of the smoothed probabilitv of the Recession Regime
Lagi lLag 0
United States
Mexico
Canada
United States
Lag (Lead) 0
Lag(Lead) 2

1.0

Lag(Lead) 4
Mexico
Lag (Lead) 0

Lag(Lead) 2
Lag(Lead) 4

0.22 (0.22)
0.2e (0.03)
0.20 (-0.1s)

1.0

Canada

Lag (Lead) 0
0.se (0.5e)
Lag (Lead) 2
0.21 (0.31)
Lag(Lead) 4
0.10 (-0.02)
Note: Thefigures in parentheses rèp
is, t, t*2, and t+4.

0.14 (0.14)
0.01 (0.23)
-0.r2 (0.2r)

1.0

Table 12 Contingency table

Expansion

Expansion
Recession

noo
nt|
n.g

Recession
ltot
|tt

/16.

I

fl1.

fl. ¡

N

Table 13 Corrected Contingency Coefficient
United States
Canada
United States
100
Canada
57.4
r00
Mexico
38.07
37.0

Mexico

100
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Table 14 Cointegration
n
Results
u

SerieS:|ndustria|Production|ndex:Canada,UnitedStateffi
.ags interval (in first differences): 1 to 4
Unrestricted Cointegration Rank Test
Hypothesized
Irace
5 Percent
No. of CE(s)
Eigenvalue
Statistic
CriticalValue
None
0.072747
26.00491
34.55
At most 1
o.056747
14.44898
18.17
At most 2.
0.035376
5.510542
3.74
"(**) denotes re ection of the hypothesis at the 5%(1%) level
Trace test indicates no cointegration at both 5% and 1% levels
Hypothesized
No. of CE(s)
None

At most 1
At most 2 -

I
0.072747 |
0.056747 |
0.035376 |

Eiqenvalue

Max-Eigen
Statistic

5 Percent
CriticalValue

11.55593

23.78

8.938442

16.87

1 Percent

CriticalValue
40.49

23.46
6.40

1 Percent

CriticalValue
28.83
21.47
6.40

5.510542
3.74
(**) denotes rejection of the hypothesis at tne S%{1%} tevel
Max-Eigenvalue test indicates no cointegration at both s% and l % levels

Table 15 Estimation Results For the Multivariate model
Canada
United States
Intercept
Regime I
Regime 2
Regime 3
Farameters
Ycan I

Yus I
Ymex
Dummy

0.0515
0.820

Mexrco

-0.972

-0.952

-0.9s7

0.552

0.635

1.558

T.221

r.302

t.7t5

0.198

0.076

0.1l0

0.275
-0.006
0.511

-0.002
-0.191
0.068
1.426

Standard errors

Regime I
Reg me2
Reg me3
R.egime I

Regime 2
Regime 3

1.401
0.969

2.r34

r.664
0.589
r.307
Duration

3.19
8.06
5.67

Transition Pro rabiliw Matrix
Regime I
Regime 2
Regime I
Regime 2
Reeime 3

2.275
r.921
1.964

68.63
12.23

15.70
87.60

4.04

r3.58

Regime 3
15.68
0.1

82.38
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Table 16 C
Canada
Regime I
Regime 2
Regime 3
United States
Regime I
Regime 2
Regime 3
MexÍco
Reg
Reg

neous Correlation Based on the Svstem
Canada
United States
Regime I
Regime 2
1.00
51.60
1.00
24.62
1.00
r8.79

Mexico
Regime 3

-rt.52
-8.97
-29.04

51.60
24.62

1.00

-4.86

r.00

-rt.r2

18.79

1.00

I 1.00

mel

-r1.52

-4.86

me2

-8.97

-tr.r2

1.00
1.00

-29.04

11.00

1.00

Regime 3

Table 17 Standard Errors of the Multivariate Model
Canada
United States
lntercepts
Regime 1
Regime 2
Regime 3
Canada I
USA
Mexico I
Dummy

0.2939

0.3s68
0. i 151
0.2674
0.0546
0.0774

0.186i
0.4t04
0.0803

0.1048
0.0460
0.2554

Mexico
0.4685
0.3103
u.4ó33

0.t261
0.1398
0.0791
0.4435

0.0JZ'J
0.1 800

Table 18 Comparison of Recession Dates Based on the Smoothed Probabilities of the
tem
Regime I
United S ates
Canada
Mexico
Dates
NBER
ECRI
ECRI
ECRI
t967-t969
1967:3-1967:4
Vlay 6'/
May 67
Feb. 68
69-71
1969:4-1971:4
Nov.70 Nov.70 May 70
7r-73
Sept.72
73-75
1,974:3-1975:3
N4ar.75
Mar.75
lan.75
75-77
Sep.77
77-79
79-81
8

1-83

1980:4-1980:4
1982.2-1983:2

83-85
85-87
87-89

1986:3-1987:1

89-91

1990:1

9r-93

July 80
Nov.82

Jun.80
Jul.82

May 80
Jul.82

Jan. 83

Jan.87

Nov.86

Aug.86
July 88

-l 990: I
l99l:2-1991:3

Mar.91

Feb.9l

Feb.9l
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93-95

1995:3-1995:4

Aug.93

Apr.95
1996-2000

Jan. 86

Sept.99
CK

June 96
July 98

Jan.99

200r-2002
2001:2-2002:2
CK
CK
Note: NBER and ECRI h
cycle dates for the recessions that have occurred in early 2000s.
since these recessions are recent, they are considered known by
everyone that has been following the ne\rys, hence, they are classified
as common knowledge (CK).

CK

Sources:
htfp ://www. businesscvcle. com/research/intlcvcledates.php

http://www.nber.org

Table 19 Asymmetry of
o the North
o
A merican Business
Sharpness

2.726 [0.4359]

Deepness
Steepness

:

p 21:p

12: p-32
0.022 [0.8831]

P_13

r.247 [0.26411

1.237 10.26611

Canada
0.812 [0.367s]
r.34410.2461

United States
0.73s [0.3913]
2.s6s [0.1093]

Mexico
r52210.2r73J

P

p_31

23

0.091 [0.7631]

InevalueSrnbracketsrepresenttheprobabilitiesofChi,(l)unde@

*

indicates significance at the l0 percent level.

TabIe20TestofC@hUnitedStates(LogLikelihood)
Countries
United States * lcountrv
2 countries
Canada

Mexico
Mexico
Table 21 Test of
Countries
Canada

United States
Mexico

-517.33
-582.76
Canada t
-617.s4

-497.66
-580.82

I countrv
-619.44

co.*go n!!to"s Çycre - Multivariate
2 * 1 countries
(US-Mexico) -860.71
(Canada-Mexico) -856.88

(US-Canada)

:839114

Analysis
3 countries
-84r.62
-84t.62
-841.62
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Figure

1.

Density and Box Plot of Growth Industrial Production Index
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Figure 2. Canada Business Cycle
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Figure 3. United States Business Cycle

Figure 4. Mexico Business Cycle
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Figure 5. Comparison of Recession periods

Figure 6. Errors Associated to Canada's Model
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Figure 7. Errors Associated to USA's Model
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Figure 8. Errors Associated to Mexico's Model
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Figure 9. Statistical Properties of the Errors in Canada's Model
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Figure 10. Statistical Properties of the Errors in USA's Model
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Figure 11. Statistical Properties of the Errors in Mexico's Model
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Figure 12. The North American Business Cycle
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Figure 13. Contribution of the North-American Cycle to Individual Countries
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Figure 14. Predicted errors and Standardized Residuals of the North-American
Model
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Figure 15. Statistical Properties of the Standardized Residuals of the MSVAR
Model
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Figure 16. Statistical Properties of the Predicted Errors of the MSVAR Model
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GENERAL CONCLUSION

This thesis has studied the behavior of macroeconomic shocks between the United
Canada, and Mexico

States,

in order to determine to what extent a monetary union is feasible between

the three countries. This policy issue is tackled through two econometric methods: the structural

vector autoregression (SVAR) and the Markov switching framework. The first technique is used

in the first two essays while the latter is used in the third essay. The first two essays are pairwise
comparisons between a) The United States and Canada; and b) Mexico and Canada and between

Mexico and the United States while the third essay looks at the business cycle linkages between
the three countries.

The first essay, which looks at whether shocks affecting the U.S. and Canada economies are
symmetric or asymmetric, models the U.S. as a relatively closed economy with an SVAR of four

variables (ouþut, oil price, fund rate, GDP deflator) and Canada as an open economy with an

SVAR of five variables (output, fund rate, Bank of Canada's rate, consumer price index, and real
exchange rate). These variables were carefully chosen to reflect the dynamics

of each economy.

Each model is identified with a combination of short- and long-run restrictions similar to Gali

(1992). Essay

I

has traced out both the responses

of Canada's economy to structural supply,

demand, U.S. monetary policy, domestic policy, and real exchange rate shocks for the period
1961Q1

-

2000Q4 and the responses of the U.S. economy to structural non-oil,

demand, and policy shocks for the period 1961Q1

-

oil

supply,

1999Q2. The key results are that

aggregate demand and aggregate supply shocks are symmetrtc;2) U.S. monetary

l)

policy shocks

have stronger effects on Canada's ouþut than Canada's own domestic policy shock. This latter

finding is new to the existing literature thus far. On these grounds, the essay has therefore argued
that a monetary policy is feasible between the two countries.

V

Building upon the structural shocks extracted for Canada and the U.S. from Essay I and using
the same techniques, Essay 2 has estimated two models for Mexico, which only differs in terms
of the foreign monetary policy instrument, depending on the country chosen as the large country.
Based on data that spans the period 1960Q1

- 2000Q4,

the study has shown that the degree of

shocks symmetry or asymmetry between Mexico and Canada and between Mexico and the

United States depends on the order of integration of Mexico's money stock. This finding led us

to

argue that shocks between Mexico and the other countries may not be categorically

asymmetric, as other studies have found.

Given the facts that the two first essays have only informed how the three countries are perturbed
due to a once-and-for-all shock and how the shocks are related, the third essay has taken up the
task to investigate the patterns of cycles across these three countries. This study is carried out in

two phases. In the first phase, an extended version of the original Hamilton's univariate model is
estimated for each country in order to determine whether there is certain commonality among the
countries. The exercise reveals that Canada, United States and Mexico follow the same business

cycle patterns but the speed at which Canada and the United States reach the turning points is

different from that at which Mexico reaches the same. The second phase of Essay 3 is

a

multivariate genenlization of the Hamilton model where the industrial production indexes of the
countries are modeled jointly in a vector autoregression with switching intercept and covariance

matrix. The objective was to determine whether the co-movement of the variables suggests

a

common cycle that one could term the North American Cycle. Using a two-stage procedure
proposed by Krolzig (1997), this exercise has informed that, on the basis of business cycle
asymmetry, the system-based model display almost the same picture as the aggregate univariate

VI

models. This means that there is synchronization of the business cycles of Mexico, Canada, and

the United States. However, on the basis of co-movement of economic variables the test for a
common cycle reveals that Canada and Mexico each share a common cycle with the United
States but not with each other. Hence, these findings indicate that a monetary union is most

feasible between Canada and the United States. However, when importance is given to the
process of convergence of the three economies that has been amplifying since the 1990s, there is

room to argue that Mexico may be suitable for a monetary union with its NAFTA partners,
though it is and may even remain 'the weakest link."

As in any empirical work, a word of caution is necessary in interpreting the results. This thesis
has answered a specific question: Does a monetary union feasible between United States,
Canada, and Mexico on the basis

change, the results

of shocks or business cycle asymmetry? Should these criteria

of this thesis may no longer hold. There

are a number

of related area of

research such as labour market, health care and taxation systems integration, which also need

further attention

if

Canada has to enter a monetary union.

I intend to deepen my research by

exploring these social issues in the future.

VII

