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Abstract

Research on the impact of national borders on trade has shown that internal trade within a
country is several times more intensive than cross-border trade between countries. The
relative intensity of the two types of trade is usually called the border effect, which is
generally acknowledged to be high (between 10 and 22). In this thesis, we first conduct a
chronological literature review to survey the developments that took place since
McCallum’s (1995) seminal paper on border effects. Our findings allow us to argue that
the typical gravity models used in this area are not well grounded in theory and often
generate biased results. We also hypothesize that the diversity of estimated border effects
is due to the differences in study methods and characteristics. To verify this hypothesis
we next conduct a meta-analysis of the literature, which features an enhanced variable
selection process leading to a better meta-analytic specification; these benefits result from
preceding the meta-analysis with the survey. The results of the meta-analysis confirm our
hypothesis. We explain most of the variance in the literature estimates and show that the
Canada-U.S. border effects are higher than elsewhere.

Based, in part, on the results of meta-analysis, we subsequently derive a model of
regional trade in differentiated goods that produces a specification for estimating border
effects between Canada and the U.S. The model controls for output, prices, adjacency,
distance, and government, and produces estimates superior to those found in existing
literature. This is because the methodology used is consistent with trade theory, but does

not require the inclusion of remoteness variables or calibration of parameters. The

ii
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resulting border effects between Canada and U.S. range between 5 and 6 over the 1988-
2003 period, much lower than previous estimates.

After obtaining year-by-year estimates for this period, we then demonstrate the
shortcomings of this simple cross-sectional approach used in the existing literature by
constructing and estimating a 1988-2003 panel which allows us to include trade tariffs
among explanatory variables and to use time-series techniques to refine the estimates and
plot their time path. Results show that, contrary to common belief, border effects between
Canada and U.S. have increased roughly from 2.2 in 1988 to 5.5 in 2003; rising non-tariff
barriers may be responsible for this effect. Small tariffs are shown to generate large
border effects - two-thirds of McCallum’s original border effect estimate for 1988 is due
to tariffs. We go on to show that these results are dominated by the import effect,
implying that Canadian provinces are much more averse to imports from U.S. than U.S.
states are to imports from Canada. We link this effect to the change in aggregate trading
patterns with third countries and conclude that further development of the model to track
trade with all of .the country’s trading partners would lead to a better understanding of
border effect estimates.

In summary, earlier research has discovered a real empirical effect, but reached
erroneous conclusions about its magnitude through atheoretical specification and omitted
variables. Our well-specified regression model not only produces better estimates, but
allows additional insight into the causes and dynamics of the border effects. This versatile
model can also be used to analyze border effects inv other regions, be refined further to

take into account all trading partners, and serve as a reliable basis for welfare analysis.
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Chapter 1

Introduction

Evidence that national borders continue to matter has been accumulating since 1995. It is
not that these lines on the map cause trade distortion by themselves; they merely
delineate the areas within which trade is relatively more intense than between them.
These areas 'are coincidentally known as nations. As long as these different trade
intensities persist, implying higher trade costs for goods that are traded internationally,
nations (and by extension, national borders) matter for trading purposes. In McCallum
(1995), after taking into account economic size and distance, a Canadian province was
found to be 22 times more likely to trade with another province than with a U.S. state.
Subsequent research in this area has confirmed significant and robust border effects
between the U.S. and Canada. Helliwell (2001) estimates the border effect at 11; the
same ratio of intensity of Canadian trade to Canada-U.S. trade is implied in Anderson and
van Wincoop (2001). These and most other estimates, like 15.2 in Anderson and Smith
(1999), are found in the range between 10 and 22. The existence of the border effect has
also been confirmed for OECD and EU trade by Wei (1996), Nitsch (2000) and Head and
Mayer (2000), as well as international prices and migration patterns (Engel and Rogers
(1996) and Helliwell (1997)).

It has been shown by Anderson and van Wincoop (2001) that the high estimates
for the Canada-U.S. border effect do not imply a corresponding increase in trade if the

border were removed, and that they are due to the relatively small size of the
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Canadian economy when compared to its large trading partner. Moreover, their paper
questioned the previous estimates by showing that the gravity models used in estimating
border effects have weak theoretical foundations and thus often generate biased results.
They also analyzed other features of interest about the border effect: the actual degree of
cross-border trade reduction and the real welfare costs of this reduction.

This thesis primarily addresses the issue of proper estimation of border effects as
raised by Anderson and van Wincoop. The place of this thesis in the existing research is,
to a large degree, to collect evidence already available, analyze it and develop a
comprehensive interpretation of this evidence. Our approach is to first undertake a
chronological survey of existing literature to chart its development and highlight the
primary contributions, trends and areas of concern. In addition to identifying the methods
and variables of interest for the subsequent chapters, we are also interested in an account
of the birth and early development of a modern economic idea: from the early fact-
finding, through specification search, to a comprehensive theoretical discussion. This
survey is undertaken in the second chapter.

The results of the survey help to inform our work in the third chapter which
proceeds to systematize the knowledge on this topic in quantitative manner through meta-
analysis. Meta-analysis has come to prominence comparatively recently as a technique
that can establish the significance of a particular factor where a narrative review cannot
reach a conclusion. Some of the evidence in the literature is conflicting; much of it is
difficult to compare directly due to the use of different time periods, countries and study
designs. After surveying this evidence, we take stock of it through the use of formal

meta-analysis in order to make summary statements about the nature of the border effect
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and the influence of the research methods and variables on the existing estimates. We
point out in particular the gains accomplished by doing a narrative review beforehand.
The narrative review addresses the weakness common to meta-analysis: the explanatory
variable selection process often lacks theoretical foundation. Preceding the meta-analysis
with la survey is thus similar to the good practice of developing a theoretical model as a
basis for the specification of the empirical model.

Our meta-analysis confirms the existence of statistically and economically
significant positive border effects everywhere in OECD, their average magnitude ranging
between 7 and 10. The final form of our equation is able to explain over 90% of variation
in border effect estimates found in the literature. This allows us to predict the magnitude
of border effects found by the study based solely on the study’s parameters; the’main
determinant factors are whether or not the estimated equation is derived from theory,
whether adjacency is taken into account, and the number of specifications considered. In
addition, the Canada-U.S. border was found to exhibit a higher border effect than the
average border. These findings establish beyond reasonable doubt the legitimate
character of the border effect (i.e. an authentic empirical phenomenon, as opposed to an
unfortunate result of econometric misspecification), inform further research, and in
particular help us build our theoretical model in the fourth chapter.

The conclusions of the previous two chapters that identify and quantify issues of
importance in this area help us to construct a theoretically sound regional model of trade
in North America in the presence of border effects. We consider the links between
theories of trade and the proper specification of the gravity equation derived from those

theories. Supported by the results of our meta-analysis, and following earlier critiques of
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this literature — Anderson (1979), Bergstrand (1985), Deardorff (1998) and Anderson and
van Wincoop (2001), we argue that a gravity equation derived from theory is essential for
obtaining legitimate results. Gravity equations commonly used to estimate border effects
in the literature lack theoretical foundation; this absence results in existing estimates
being biased due to improper model‘speciﬁcation and omitted variables. Contributing to
this is also the lack of time-series analysis of the existing data. Our specification contains
the key price variables implied by theory, as well as the effects of tariffs and the role of
governments, the latter incorporated theoretically for the first time in the literature. We
thus take into account both theory and practice to produce estimates superior to those of
prior research. These estimates paint a picture significantly different from that of earlier
studies.

We find that international trade between Canada and the U.S. is only between 5
and 6 times less intense than Canadian internal trade throughout the 1988-2003 period, a
rﬁuch lower border effect than suggested previously. Like most of the earlier research,
these results represent cross-sectional estimates, i.e. all individual years are estimated
separately. Even when in possession of several years of data, the time series approach
was rarely used in the literature. This failure to use all available information did not allow
earlier studies to trace adequately the dynamics of border effects and explain their time
path. It also made it impossible to incorporate trade tariffs into the empirical equation and
assess their contribution to the border effect, since in a cross-sectional specification
tariffs are perfectly collinear with the border variable.

Our next step is therefore to construct a panel dataset for the 1988-2003 period

and use it to estimate border effects that vary through time for the whole duration of that
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period while controlling for time and regional effects. First, we show that approximately
two-thirds of the border effect in 1998 is due to tariffs, confirming that relatively low
trade barriers can generate large border effects. Next, we obtain time-series estimates of
border effect over the 1988-2003 period while controlling for tariffs, fixed timé effects
and interactive time effects. These show that, contrary to the earlier consensus of the
literature, border effects between Canada and the U.S. have risen from 2.2 in 1988 to 5.5
in 2003. The inclusion of regional fixed effects does not change this conclusion
substantially. This increase has passed unnoticed by the literature due to the combination
of actual tariff reductions which were not explicitly modelled, as well as misspecification
and omitted variables in the gravity equations that were used to estimate border effects.
While we provide no full explanation for this increase, we believe that an increase in non-
tariff barriers, change in preferences underlying the patterns of trade and a more restricted
environment in the United States as a result of increased security concerns may all have
contributed to the results.

We follow up by disaggregating the border effect by province and direction of
trade for the 1997-2003 period. Because trade goes both ways, we can estimate separate
border effects for northbound and southbound trade (first implemented by Anderson and
Smith (1999)), splitting the border effect in two. From the Canadian perspective,
northbound trade is generating the import border effect and southbound trade - the export
border effect. Our results show that the Canadian import border effect is increasingly
dominating the export border effect, from a 5:1 ratio in 1997 to 11:1 in 2003. In fact,
export border effect has reached a low of 1.5 in 2003, meaning that Canadian exporters

are only 50% more likely to export to another province as opposed to a U.S. state — yet
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the corresponding import border effect of 16.8 shows a large relative reluctance to import
from the U.S. We suggest an explanation that has to do with the changing aggregate
patterns of trade. Over the 1997-2003 period, there was significant growth in Canadian
imports from lower labour cost countries such as China and Mexico, while Canadian
imports from the U.S. were stagnant. This pattern implies Canadian import substitution of
the U.S. goods in favour of other countries; the effect of this process on the Canada-U.S.
estimates shows that the estimation methodology used up to now may include the effect
of trading behaviour with third countries on the border effect estimates. Thus our model
could be further refined by taking into account all of Canada’s trading partners to produce
unbiased estimates of its border effect with every individual partner.

We conclude this thesis by critically evaluating the work that has been done in the
area since 1995, summarizing the state of our knowledge about border effects and

outlining the directions for further research on the issue.
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Chapter 2

Border Effects Research: Discovery and Development

The subject of international trade theory has traditionally been fhe exchange among
nations, in which English cloth and Portuguese wine were sent across national borders.
The internal trade of a nation was rarely the subject of economic inquiry, particularly
since the nineteenth century when most modern nations have abolished all internal tolls
and trade barriers. From the days of mercantilism, international trade was viewed as
crucial to the well-being of the country and a subject of dedicated study, where some of
the gfeatest minds in economics such as Ricardo have leﬁ their mark. Meanwhile internal
trade was viewed as “business as usual” for a country; little data was collected on it and
consequently, little or no effort was made to compare,the two types of trade.

It was this comparison of internal and external trade by McCallum (1995) that
opened up the field of border effects. In a regular international trade study, the effect of
the border can not be determined because all trade crosses borders. Only when
intranational trade data is compared with international data can this effect be assessed. To
the widespread disbelief of the practitioners of economics (do;:umented in Helliwell
(1996)), McCallum found that in 1988 a given Canadian province was twenty-two times
more likely to trade with another Canadian province that with a U.S. state, after
accounting for economic size and distance. This result was particularly surprising since
Canada and the U.S. were considered to be very similar in language, culture, political and

legal systems as well as other aspects of life, and the border that separates them was not
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believed to be a serious hindrance to exchanges of any kind. The discovery of border
effect thus cast doubt upon the degree of integration of the North American economy and
indicated the need to verify, explain and align these surprising facts with the existing
international trade theory. A number of studies on the border effect that followed have in
effect opened up a new area in the economic literature.

This chapter is dedicated to describing and analysing this literature and its
findings. It is as much a study of the border effect as a chronicle of the birth and early
development of a modern economic idea, which in the fullness of time takes its place
among the established theories that preceded it. In this chapter, a chronological survey of
the emergence of border effects literature presents its evolution through the typical steps
required to establish a new scientific idea or theory: from the early fact-finding, through
specification search, to a maturing theoretical discussion on the place of border effects in

the field of international economics.
2.1 Introduction

National borders are not just an important aspect of international economics, but its very
reason for being. The general theories of money, banking and economic growth derived
within the context of a single national economy grow increasingly more complex in
implications and testing as the interaction between many economic entities is considered.
This complexity has led to the emergence of international economics as a separate
channel of inquiry into these interactions; the methods of this inquiry, however, generally

differ from the methods used at the national level. For example, the question “why do
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countries trade?” has been the driving force behind most well-established theoretical
models of international trade (as opposed to an empirical model such as the gravity
equation, which is motivated more by the question “why can’t we get good empirical
results?””). A corresponding quesfion — “why do people/regions/provinces trade?” — was
rarely even considered at the national level; the links that make up the national economy
are more often than not taken for granted. Likewise, even when similar questions are
asked, a different set of tools and assumptions is typically used to answer them. For
example, while exchange rate volatility in international markets inevitably brings up the
issue of investors’ beliefs and expectations (i.e. the international exchange market is
regarded as a set of actors with rational behaviour and informational limitations), a quite
different approach is commonly used to analyse national inflation. The latter is almost
always explained as a monetary phenomenon. And yet from an objective vantage point in
a world of perfect information, national inflation and the dropping value of the currency
abroad would be seen not merely as related, but as one and the same event proceeding
from the same causes. Thus not only do the flows of trade appear to be impeded and
distorted by the national borders, but to some degree the economic ideas and perceptions
are as well.

In explicitly recognising the existence of national borders and postulating that the
regions of a national state may interact in ways similar to the countries separated by
borders (while noting also the impoftant differences in their behaviour), the recent
literature on border effects has pointed the way towards a unified theory of regional
economic interaction, comprising both intranational and international economic relations

while identifying and accounting for the differences between the two. Such a theory
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10

would define the world economy as composed of two types of elements: economic spaces
and borders that separate them. Depending on the level of aggregation, these spaces and
the borders separating them into compartments would represent different entities. At the
lowest “magnification level” this economic lens perhaps would pick out the “WTO”-
“non-WTO” divide, with a formidable trade barrier between them, or maybe more
meaningful dividing lines would be found between the resource, industrial and service-
oriented economies. A closer scrutiny with this lens would show a world of regional
trading blocks bound together not just by common tariff policies, but by strong cultural
and historical ties — EU, MERCOSUR, ASEAN, NAFTA etc. The next magnification
level would be that of nation states, then the level of intranational regional economies,
followed by cities, districts, households, until at the very lowest level of aggregation the
lens would focus on Adam Smith’s ubiquitous consumer, tied by a myriad strings to his
butcher and baker with whom he trades, in much the same manner as in Smith’s time and
bound by the same laws that were first articulated by him. The formulation of such a
theory through further research into the nature of borders would link the international
economist closer than ever to the main channel of economic inquiry and its universal
toolkit. In particular, modelling both the world and individual countries as a collection of
regions is a major step on the way to a joint theory of international and intranational
trade. Our work attempts to pave the way for this theory by considering the knowledge
accumulated so far by the border effects literature and then using it to explain the border
effects in North America and elsewhere in a consistent manner. |

In a sense, the recognition of internal trade flows as a worthy subject of inquiry

and the interest in comparing them to external trade flows stems from the increased
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interdependence and integration among world economies. The reduced importance of the
borders that separate countries leads to the two types of trade being more alike. Consider
now the apex of that trend - a borderless world, and the place of international economics
within it. Goods would still move between Argentina and Italy, and international
economics, albeit transformed, would still be relevant as a study of interregional trade
and financial flows between different areas of the global state. The simple conclusion is
that if the world is becoming more integrated, international economics must follow by
becoming more regional — studying not the lines on the map that are meaningless by
themselves, but the real differences between nations that lead to additional trade costs and
create the illusion of power of the international borders. Studying these borders, one must
bear in mind that they are but a manifestation of the nation states that created them to
preserve differences among nations, with the seal of all their policies — not just economic
ones — imprinted on the “width” of the border and its economic effects.

Today, there exists a wide-ranging collection of literature that deals with border
effects in international economics. Since McCallum’s (1995) seminal paper, which
established the term in the international trade context, dozens of studies have explored the
impact of borders not only on trade flows of goods, but also on consumer goods’ prices,
on labour mobility and‘ in many other areas. These different fields of application will be
considered separately in this survey which, however, focuses on the international trade
aspect of the border effect, and particularly on the Canada-U.S. border. Although
exploring the behaviour of other trading pairs gives us valuable insights into the border
effect mechanics, the Canada-U.S. border is our preferred subject of inquiry as it offers

many benefits and minimizes potential distortions. It combines the best data available, the
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particularly favourable population distribution and adjacency patterns, the relative
geographical isolation of trading partners and finally, one of the largest trade-to-GDP
shares in the world.'

The contemporary border effects literature can be subdivided chronologically.
The preliminary findings stage (1995-1999) was mainly concerned with following up the
original research by McCallum; it mostly amounted to small practical variations in the
setup of the gravity equation and documenting the resulting regression coefficients for
various trading partners. Once the novelty of the concept and the astonishing magnitude
of the first results wore off, there was a surprising degree of agreement, if not with the
letter, then with the spirit of McCallum’s findings: that the national borders still matter
more than most people thought was possible.” It also became clear that the national
governments and their spheres of jurisdiction “stand in the way” of many economic
transactions besides trade in goods (perhaps through revealed preference of the citizens
for domestic transactions) - border effects can be found in both labour mobility and
capital mobility, and likely in any other exchanges between sovereign states.

In the period that followed (2000 to present), the literature has moved beyond
these preliminaries into what may be termed the analytic stage. Border effects became a
reality that demanded to be explained; depending on the type of explanations sought,
literature became divided into two broad streams: theoretical and empirical. The

theoretical branch merits careful consideration and represents the cutting edge of current

! The interprovincial trade data collected by Input-Output division of Statistics Canada has no parallels
elsewhere; almost all of Canada’s population is concentrated in a narrow band along the country’s border
with the United States; both countries are relatively isolated by oceans, with major trading partners (except
Mexico) a considerable distance away; finally, Canada’s very high trade-to-GDP ratio of 73% establishes
the immediate importance of trade for the Canadian economic structure.

2 It is quite likely that the author’s intent did not stretch far beyond demonstrating this basic fact, which
may have become obscured by the recent acclaim for the globalization tendencies.
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border effects research. The details will be taken up in due course; it is enough to note
here that the focus of the theoretical literature is addressing the weak theoretical
foundations for the empirical results obtained during the preliminary findings stage, and
the need to improve these underpinnings before interpreting the border effect findings.
The intent of this chapter is thus to follow the development of the theory of border
effects and its place within the current of economic research, as well as to identify and
sort out the contributions of various studies to this theory. Accordingly, Section 2.2 gives
a brief account of the ecarly findings and describes the methods used to obtain them.
Section 2.3 considers the initial response to these results that consisted mainly of
exploring possible specification errors and better measurement of variables (especially
distance variables). In Section 2.4, we describe the simultaneous expansion in scope of
border effects studies and different areas in which border effects have been discovered.
Section 2.5 discusses the theoretical response to the border effects puzzle, and Section 2.6
examines other contemporary attempts to answer the empirical challenge of high border
effects in a world of integrated economies. The conclusion (section 2.7) discusses the
directions that the debate may be expected to take and argues that the investigation of the
issue of border effects may open new areas of theoretical inquiry in international

economics.
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2.2 Mc¢Callum and Follow-up - National Borders Matter

The inaugural paper of the border effects literature, McCallum (1995) stated in no
uncertain terms that the national borders still matter a great deal and the news of the
demise of the nation-state had been greatly exaggerated. In his seminal paper, McCallum
studied the impact of the Canada-U.S. border on trade between the two countries. The
intent was to demonstrate that if these two Western Anglo-Saxon states, which are similar
in their legal and political structures, are much more prone to trading internally than with
each other, then the same conclusion should apply to most other countries. Hence, the
picture of the smoothly integrated global economy, which was gaining currency at the
time, would suffer an unsightly tear. McCallum’s intuition for his results proved correct —
if he Were to set out to prove that “global village” is today’s reality, he would have based
his study on some a priori heavily trade-distorting border and attempted to demonstrate
that it did not have much of an effect.

The outcome of McCallum (1995) was the simple conclusion that, other things
being equal, Canadian provinces in 1988 traded with each other 22 times more
intensively than with U.S. states (or between 17 and 29 times more intensively with a
95% degree of confidence). These findings appeared so unbelievably large that a
significant amount of space in that seminal paper and the immediate follow-ups was
devoted to illustrating and explaining them, as well as testing their robustness. A classic
examplé is that of Ontario trade with British Columbia vis-a-vis California: the distance

to both from Ontario is marginally different, and California’s GDP is roughly ten times
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higher than that of British Columbia. Thus in the absence of a border, one would expect
trade to also be ten times higher; in reality, Ontario trades more than three times as much
with British Columbia as with California. This result is even more surprising if one
reﬁlembers that Canadian population and industry are strung out in a thin line along the
U.S. border, a fact that should encourage trade with the U.S. rather than reduce it.

McCallum’s interpretation of his results did not include (as has been sometimes
claimed) predictions for change in trade volumes following the removal of the border;
indeed, such an exercise is not even considered in the paper. The correct interpretation of
his “headline number” is that domestic trade intensities in Canada were 22 times larger
than international trade intensities. Its basic message is simply that the national borders,
standing as a proxy for various national characteristics, continue to exert a decisive
influence on economic activity, including the flow of international trade.

Turning to the technical part of that (methodologically very simple) paper, the

equation estimated by McCallum can be written as follows:

x; = a+ by + cyj + ddist; + eDUMMY; + uy; (1)

where x;;is the logarithm of shipments of goods from region i to region j, y;and
yjare the logarithms of gross domestic products of the trading regions, dist;is the
logarithm of the distance between them, DUMMY;is a dummy variable that takes the

value of 0 when the regions are separated by a national border and a value of 1 when they

are not, and u;;is a classical error term.
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This equation expresses a simple idea that may be termed “Newtonian economics
of trade”: the attraction between two economic objects is directly proportional to their
economic size (GDP) and ‘inversely proportional tq the distance between them.® This
constitutes the “gravity approach” to explaining international trade and carries both
benefits and drawbacks; it is useful to examine these in turn as they will be crucial for the
discussion that follows. It should be also kept in mind that there are many variations on
this basic “gravity model”, and it has been used in economics for a few decades with
great empirical success. The reader is referred to Appendix A for the antecedents of this
specification and its theorétical derivation; below we will briéﬂy summarize its key
implications.

On the positive side of the gravity approach lies its strong empirical record; it

routinely explains 80% and more of trade between two regions, and it is not unheard of

for it to yield R? in excess of 90% (e.g. “some of the clearest and most robust empirical
findings in economics” described in Leamer and Levinsohn (1995)). Its simplicity and
intuitive appeal may have just as much to do with its popularity. It is also extremely
robust in a sense that its high explanatory power is largely invariant to the selection of
countries in the sample as well as the time period.

The principal drawback of a typical gravity equation is its weak theoretical basis.
As has been argued by Anderson (1979) and Deardorff (1998), any sensible theory of
international trade would predict that trade increases with the GDPs of trading partners,
and likewise that it decreases as transport costs increase; in that sense, the‘message of the

gravity equation is largely trivial. An equation of that type can be derived from several

* Note that the original Newtonian equation features squared distance; moreover, if size is interpreted
economically, then so should be the distance (as transportation costs). These issues are addressed in greater
detail below.
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existing theories of international trade; however, this means that its empirical record
cannot be cited as direct support for any bne of these theories. This weak basis also leads
to another problem: the gravity equation has been estimated in many different forms by
different authors. These various forms have been justified by the use of more or less
plausible arguments, but rigorous theory had little place in these considerations; indeed, it
is hard to imagine that this process would not drift in the direction of the version that
produces the “best” results. Meanwhile, the Heckscher-Ohlin theory as well as the
monopolistic competition theory imply only certain well-defined forms of the gravity
equation, and departures from those forms are not, strictly speaking, consistent with
theory — which is the main point of the Anderson and van Wincoop (2001) theoretical
critique of McCallum’s approach.4

McCallum’s findings were quite surprising to the international economists, given
that the explicit barriers to trade are largely abse}nt between the U.S. and Canada and the
two countries are very closely related in language, culture and institutions. Understanding
and explaining these unexpected results became a priority. One of the first follow-ups
was that of Helliwg:ll (1996). This paper has verified and extended McCallum’s findings.
It confirmed that the “border effect” — the factor by which intranational trade exceeds
international trade in intensity - was around 20 for the three-year period (1988-1990) and
surveyed the first set of possible explanations for these results. These were: adjacency
effect (proceeding from incorrect determination of the goods’ final destination),

transportation mode effect (uniform substitution of geographical distances for

* Similarly, Obstfeld and Rogoff (2000) point out that the explicit introduction of the costs of international
trade (including not just transport costs, but tariffs, non-tariff barriers and other trade costs) into the
theoretical framework can explain much of the home bias effect that McCallum’s findings illustrate, as well
as a number of other real trade puzzles.
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transportation costs distorting the picture for the regions using, for example, primarily
oceanic rather than continental trade) and the entrepot effect (distribution channelling due
to economies of scale in importation). The border effect proved quite robust to all of
these considerations, ruling out its being a fluke and suggesting deeper underlying causes.
Helliwell (1996) made another important contribution by linking McCallum’s border
effects in international trade with studies on price variability within and between
countries (e.g. Engel and Rogers (1996), whose result was that the U.S.-Canada border
reduced the covariability of prices by an equivalent of 2,000 miles of distance), and with
the capital markets integration literature (where Feldstein and Horioka (1980) showed
that the international capital markets may be much less tightly integrated than the
national ones). All of these findings have greatly enhanced the significance of
McCallum’s findings and added up to a surprising hypothesis on the nature of a modern
nation: that despite the apparent globalization process, its internal economic linkages are
still much stronger than external ones, and the extent of a nation’s dependence on
international markets and policies may have been greatly exaggerated.

Meanwhile, border effects between other nations became of interest to researchers
and the question arose whether the Canada-U.S. border is somehow unique in its sizeable
impact on cross-border trade. The difficulty here was and remains the fact that Canadian
interprovincial trade data is unique; no advanced industrialized country collects
comparable statistics on internal tradé. Thus, to estimate the border effect among other
country pairs it was necessary to derive a proxy measure of interregional trade within a
nation. These estimates of internal trade were obtained using two different methods,

which are described in the next section.
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The present review primarily focuses on the estimation of Canada-U.S. border
effects. However, it is neither possible nor wise to ignore studies that involve other
countries as they have contributed significantly to the theory of border effects in general
and have shed some light on the behaviour of the Canada-U.S. border, in particular. It is
by studying and comparing to other borders that one is able to determine what is peculiar
and what is regular in the results concerning North American borders. Accordingly,
general ﬁndings of major importance to the theory of border effects are summarized in
section 2.3 below, even if they deal with other borders. The international results that
consist prirﬁarily of extensions in scope and have no decisive implications in the North
American context are considered later in section 2.4 — which should not to be taken to
mean that these studies are of little relevance (as several points and techniques borrowed
from them will enrich the subsequent study of the Canada-U.S. border), but simply as a

convenient means of organizing an abundance of diverse material.
2.3 Early Explanations: the Heyday of Specifications in the Literature

The borders literature soon expanded after the publication of McCallum (1995),
motivated both by the desire to replicate Canada-U.S. border effects across other borders
and to explain the existing results. These results still seemed too large to the academic
community, and specification error seemed the most likely culprit. The literature at this
stage, therefore, attempted to fit a “better gravity equation” to the data and explain the
border effect with something known, but overlooked in McCallum’s simple specification.

All of the papers discussed here continued to specify an empirical gravity equation,
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witho‘ut deriving the specification from theory, and adding the extra variables to the final
specification on an ad hoc basis. This absence of theoretical derivation will later be
shown to have been a major weakness of this strand of literature; thus in surveying it
now, we are more interested in innovations and development of ideas rather than in the
values of border effect estimates obtained by these papers.

The first attempt to combine the approaches of replicating McCallum’s results in
a new setting and explaining them was made by Wei (1996). Due to the absence of
internal trade statistics for other countries, McCallum’s approach that divides a country
into several regions and examines trade flows between them can not be used for borders
other than between Canada and the United States. Wei’s approach considers the country
itself as the basic trading unit; its internal trade is then compared to its international trade.
In Wei (1996), domestic sales served as proxy estimates of intranational trade. Domestic
sales were estimated by subtracting merchandise exports from gross output of goods
.industries, while internal trade distances were generally assumed to be one-quarter of the
distance from the domestic capital to the nearest border. In the absence of regional trade
data, this approach has few alternatives and so has since been widely used.

Wei’s work also introduced the remoteness measures into the gravity equation for
border effects estimation.” Other specification changes first made by Wei were his
accounting for adjacency, use of common languaée, and European Community (EC)
membership. The upshot of using those measures was the conclusion that although border

effects in this specification remained significant, their aggregate level was reduced by an

* Helliwell (1997) remarked that Wei’s empirical remoteness measures were not strictly consistent with the
theoretically implied functional forms and consequently took unexpected signs in the estimation process.
He went on to suggest a preferable remoteness index that improved the fit and theoretical soundness of the
model. »
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order of magnitude from McCallum’s level (an average barrier of 2.6 between the OECD
countries). Thus Wei (1996) made a significant claim for the case that the introduction of
linguistic, monetary, geographic and other barriers had the potential to fully explain the

- border effects, and that view was an influential one for several years, until shaken by
contrary evidence.

Following up on his earlier paper, Helliwell (1997) experimented with many
different specifications, building also on Wei’s work and adding variables to control for
countries’ wealth and population, which affect the elasticities of bilateral trade. The aim
of the paper was primarily to establish links with Wei’s research and to reconcile the
U.S.-Canadian results with OECD results. Thus the dataset for OECD countries was
used, and domestic sales and the internal distances were estimated as in Wei (1996). The
paper shows that the juxtaposition of McCallum’s results with Wei’s must necessarily
lead to a paradox: Wei’s theoretical contention that adjacency and common language
reduce border effects leads to the conclusion that Canada-U.S. border effects must be
lower than the average OECD effects, while McCallum’s estimates are much higher than
these. Using modified Wei’s procedures (which includes changes to the remoteness index
aé noted above), the preferred specification of Helliwell (1997) inclusive of all the
additional variables resulted in a baseline average border effect of 15.9 between unrelated
OECD countries (implying a 6.0 coefficient between Canada and U.S.). These estimates
are thus not directly comparable with McCallum’s, but are still very high. In addition,
even though the paper was following and refining Wei’s methodology, its results put his

main conclusion in doubt. The introduction of the adjacency, language, EC membership
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and remoteness index variables reduced the apparent size of the border effect, but by no
means made it insignificant.

Soon after, Hillberry (1998) took another approach to the problem of measuring
interregional trade within a nation. His paper developed a methodology for using the
United States Commodity Flow Survey (CFS) to estimate U.S. intranational trade (at the
interstate level). He used the 1993 CFS to evaluate not only the geographical pattern of
commodity flows within the United States, but also the commodity composition of these
flows, with the idea that borders affect not only the volume but also the content of trade.
The use of the CFS is associated with some important caveats: exclusion of air and
waterborne shipments from the data, industry-to-commodity conversion issues and the
necessary assumption that all shipments covered by the survey represent international or
interregional trade and not distribution activity.® Building in many respects on an earlier
paper by Wolf (2000, NBER working paper version in 1997), Hillberry (1998) measured
intranational distance as the distance between the two largest cities in each state, and also
took into account suggestions on specification of additional variables in Helliwell (1997).
The resulting estimates were nearly equivalent to McCallum’s original estimates. These
results contrast strongly with Wei’s (1996) results for the OECD. Considering the big
difference in data sources between McCallum and Hillberry, this result was strongly

supportive of the evidence on the North American border effect.

% The last issue will likely remain debatable for some time, since the same objection can be made to any
intra-national data (indeed, to the data at any level). Only a more detailed disaggregation provides an
answer, and partial one at that. Even if data at the individual level were available, there is no guarantee that
the purchased goods would not be subsequently resold privately, or that their consumption will necessarily
occur near the point of purchase. As long as purchase and consumption are treated as equivalent, it is
difficult to distinguish between trade and distribution.
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The use of the CFS data allowed Hillberry (2002) to develop the idea that one of
the reasons for the border effect may be the established pattern of production, inherited
from earlier times when the national differences mattered more than they do today. This
pattern of production, trade and distribution has led to a long-term adjustment of
industries on both sides of the border. In his model, international trade is compositionally
different from internal trade; this difference is due to patterns of industrial location and
consequent adjustment in the number of traded commodities. By disaggregating trade
flows and controlling for the firms’ location, this paper obtains a much-reduced border
effect of 5.7. Part of the reason that this paper (together with many recent papers, notably
Anderson and van Wincoop (2001)) arrives at much lower estimates than McCallum’s is
not that it directly explains the border effect, but rather changes the research question.
The inquiry departs from McCallgm’s original question of “how much do the national
differences affect trade?” and asks rather “what would be the effects of the removal of the
border?” These are very different questions.

Historical adjustment of industrial location and trade patterns to the existing
borders has been occurring, in some cases, over centuries. These patterns were perhaps
originally due to the border’ (and all that it implied, e.g. trade policy), but are no longer
dependent on it for their continued existence. In the short run at least, the removal of such
a border will not lead to a quick and costless readjustment of firms’ 1oca;cions and patterns
of trade — which is in effect what these papers assume. Rather, if the existing pattern of

trade (dependent on things other than the border: historical patterns of firm location,

7 But strictly speaking, neither are the borders the ultimate first cause - being merely a reflection of
political, military and geographical realities. The Canada-U.S. border, being a north-south watershed of
North America, reflects a historical pattern of trade driven by geography of transportation routes, with east-
west trade always more intensive than the north-south trade. The point is not that the drawing of the border
affected long-term trading patterns, but that both factors were affected by deeper underlying causes.
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legislation and tastes) is taken as given, then at least in the short-run McCallum’s original
estimates describe the situation better.® For example, the effective removal of the barriers
to trade between EU states and the consequent opening of the Italian markets to soft-
wheat pasta has not appreciably raised sales of it in Italy from a low level: local traditions
and recipes are all against it. Not unless these are to be removed, too, will trade in this
item reach the level expected by the “border removal” approach. Conversely, the
expectation that border removal would have little impact should not imply that the
current border effect is small. We touch upon this issue again in section 2.5 while
discussing Anderson and van Wincoop (2001).

Wolf (2000) put into serious doubt Wei’s idea that linguistic, monetary and
geographic barriers, when properly accounted for, can explain moét or all of the border
effect. Wolf’s paper was the first to use the CFS to estimate intranational trade within the
U.S. and to find sizeable border effects (3.0 to 3.7 depending on the specification) where
none at all should be expected — between the states of the U.S., which are constitutionally
prohibited from erecting trade barriers. This definitive finding® of the existence of border
effects on the sub-national level was an important factor in directing new research away
from mere changes in specification of the gravity equation and towards conceptually new
explanations for the border effect phenomenon.

Anderson and Smith (1999) (hereafter AS) take another thorough pass at the

meaning of McCallum’s and Helliwell’s results. Their primary contribution to the

¥ Surprisingly, there exists some evidence to answer a seemingly hypothetical question: “what happens if
the border is removed?” Section 2.4 describes Wolf (2002) who explores the case of re-emergence of
Poland and the effect of the removal of the imperial borders that used to separate it into three parts.

® In a European state traditionally composed of small, historically insulated communities with local dialects
and customs, finding some internal barriers to trade would not be entirely surprising. But the finding that
the U.S. state borders (most of which are arbitrary straight lines on the map) impede trade is of great
consequence.
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literature lies in introducing the idea that the border effect, previously summarily
measured on the basis of total trade flows in both directions, may be disaggregated into
two different effects. The authors ask whether the border effect is the same for U.S.
exporters as it is for Canadian exporters. The logical theoretical answer to this question
supplied in the paper is in the negative, since foreign markets would presumably be of a
lesser importance to a U.S. producer (supported by a large domestic market) than to a
Canadian one.'® Empirically, this answer is supported by the evidence of the paper: the
border is perceived differently depending upon which side of it a (potential) trader lies.
The logarithm of McCallum’s border effect equals 3.09; AS separate all shipments into
U.S. exports to Canada and U.S. imports from Canada to obtain flanking coefficients of
3.21 for the former and 2.97 for the latter. Thus AS state that U.S. exporters view the
border as a more substantial barrier than Canadian exporters do; the opposite holds true
for the U.S. importers. But the alternative explanation may be that Canadian businesses
are relatively more willing to export to the U.S. market than to import from there; and it
is likely that both factors are combined in these results.

The finding of this (albeit small) difference between the two sides of the border
and recognition that the border effect may be disaggregated brings twofold benefits. First,
it is analytically helpful to discern that any international border is not a single line but,
just like a military front line, consists of two parallel lines of impediments manned by
two different forces. The Canadian border line imposes one border effect on the U.S.

exports while the U.S. line imposes a different one on the Canadian exports. Secondly,

1% On consideration, the answer would clearly depend on the degree of relative industrial concentration and
relative border effects (international vs. intranational, the existence of the latter having been shown by Wolf
(2000)), and will vary between different industries. It is possible, for example, for a Canadian government-
chartered natural monopoly to feel less compelled to export than a U.S. private company operating under
severe domestic competition.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



26

there is no a priori reason for these two border effects to be the same, even if the border
costs are.'' Mathematically, the border effect is a ratio between intranational and
international trade intensities. If the intensity of internal trade of the two partners is
different, border effects will also be different, depending on whose internal trade is used
as a benchmark. Only when the internal trade intensity is the same for both countries
should we expect the same border effect on both sides. In this 1ight, the practice of
lumping imports and exports together for the purpose of estimating the border effect (as
in prior and nearly all subsequent estimation) may be viewed as estimating a restricted
version of the AS disaggregated equation. Since AS show that these effects are
statistically different at the S5 percent significance level, this restriction is also
unwarranted. Theoretically, the AS contention is also sound (see Appendix A for
derivation of the gravity equation, which generally assumes a one-sided flow of goods).
There is one problem implied by this approach, and that is that the import and export
flows between any two regions are expected to be the same based on the gravity equation
of the paper. Strictly speaking, it is bnot the fault of the one-sided approach, but of a
simplistic gravity equation uéed in the estimation; a more sophisticated, theory-based
specification should not necessarily predict symmetrical import and export values for any
regional pair.

AS then extend their analysis to a more detailed level by estimating border effects
by region. Prior to AS, the literature considered only one dimension of the border effect:

its “width” (e.g. the Engel and Rogers question “how wide is the border?”) in the sense of

its general restrictive effect on trade. AS inquire into the different “width” of the border

Y Even under reciprocal free trade, same border costs are implausible, due to differences in domestic
industrial structure, scale of production and intermittent trade disputes and sanctions.
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at different points along it. Having shown that the border effect is not simple and uniform
across the border by disaggregating it, the authors proceed to show that neither it is
uniform along the border. Different Canadian provinces bordering the U.S. have different
border effects, and some of them exhibit large divergences between border effects for
imports énd exports.'? Finally, border effects prevailing against countries other than U.S.
are investigated. Despite the economists’ strong prior expectations on this issue', the
results for Canada reject the notion that its border effect varies by trading partner. Border
effects between Canada’s twelve largest trading partners are found to be largely the same
as between Canada anci the U.S. If anything, the former were lower (20.7 vs. 23.1),
although the difference between the two was not statistically significant. AS have not
shown whether a specialized pattern of trade, measurement bias or some other effect is
responsible; however, the result may be specific to Canada, because European studies

 have shown that other countries have a lot of variations in their border effects with
different countries.

AS thus provide an important contribution to the literature. As in all previously
discussed papers, their gravity equation is not derived from theory, and the values of their
estimates are expected to be biased. However, the disaggregations of the border effect by
direction of trade and by region have provided additional insight, and are of assistance in
explaining border effects. These explanations, however, “must be nuanced enough to

account for substantial provincial variation. Canada-wide explanations — shippers’

2 Hence some provinces are identified as export platforms (British Columbia) and some as import
platforms (Ontario).

13 For example, Rauch (1996) shows that networks of trading contacts dependent on common languages
and institutions are responsible for much of international exchange, implying that similar nations should
have lower trading barriers among themselves.
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perception of exchange rate risk <...> - will not suffice”.!* Paraphrasing this conclusion,
we may state that the same appfoach should be used in accounting for substantial national
variation in border effects, and that a global explanation will not suffice either. These
results show that likely there is no simple and universal solution to the puzzle, and the
variety of border effect findings need to be appreciated and understood rather than
“explained away”.

One of such universal solutions indirectly suggésted in the literature was fo
redefine the issue of border effects in terms of “home market” effects whose existence
could be theoretically supported, and thus explain the issue by justifying relatively larger
internal domestic trade. In view of AS results, we note that such a sweeping explanation
seems simplistic and may prove inadequate to explain the variety of the border effects
findings. The accumulation of data and observations on both international and
intranational trade flows over ten years of border effect studies may well have exceeded
the empirical contributions of international trade research in the previous twenty. Insofar
as a good theory is born from the observation of the facts, this seems a propitious time to
develop one, all the more so since the theory of the “home market” effect (first described
by Krugman (1980)) is not in itself incontrovertible. For example, Davis (1998) shows in
a theoretical model that when identical transport costs are defined for both differentiated
and homogeneous goods, the home market effect disappears. Thus the theory presented

by Helpman and Krugman (1985) that states that differences in relative market size of

'* Anderson and Smith (1999), p. 36.
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trading partners will lead to home bias'® represents, by their oWn admission, a special
example dependent on the crucial assumption adopted by them.

In effect, further theoretical discussion of home market effect may not lead to
satisfactory conclusions about the variety of stylized facts. These need to be studied
directly to help inform theory development. A coherent theory linking the home market
effect and the border effect is necessary to account for the variations by industries,
provinces and countries. Until such a theory is developed, the home market explanations
will remain useful but insufficient, much like common language or adjacency
explanations. For these reasons our preference throughout this survey will be for the
examination of the issue in the terms similar to those originally stated by McCallum and
Helliwell, centering on the comparison of the internal and external trade intensities in an
empirical investigation. The appeals to home market effect by some of the studies should
not be ignored, but for us the proper procedure seems to incorporate the assumptions that
give rise to the home market effect into the derivation of the gravity equation and
examine the obtained results, rather than switch the focus of discussion entirely away
from the empirical estimation.

To return to the variations on the original gravity model specifications, one must
mention Helliwell and Verdier (2001) as one of the latest papers of this strand that seeks
to measure the gravity model parameters more accurately. They develop a thorough
method for measuring internal trade distances by explicit modelling of urban and rural

population structure in each Canadian province; their distance estimates are population-

'3 The intuition for this result is as follows: under increasing returns to scale, the producer of differentiated
goods faced with choice of a production site will choose the larger country to minimize his transportation
costs. As a result, the larger country will end up with a larger share of the differentiated goods industry,
leading to a lower price index in this sector and a home bias in consumption.
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weighted and dependent on the grid of intra-city and inter-city distances. This spatial
analysis results in higher estimates of internal distances, implying higher border effect
estimates than obtained by contemporary papers. Thus the authors show that Wei’s
measures of distance are inadequate for two reasons: they depend on the geography of the
neighbour and significantly understate the real internal trade distances.

It should be noted, however, that these results are obtained for Canada only and
that its special geography must have a lot to db with the result; it is less clear that internal
trade distances in the rest of the world would be either so high or so different from Wei’s
assumptions. Two papers by Head and Mayer, analyzing the European experience,
underscore this point. Head and Mayer (2000) is more extensively discussed in the next
chapter; here ‘it is sufficient to mention that they calculate bilateral distances between
European regions and weight these by the economic size of the regions. The results
obtained in this manner feature generally higher internal distances within European
countries and lead to higher border effects than the estimates using Wei’s definition of
internal distances; however, the effect of the procedure is not as large as in the case of
Canada.

In Head and Mayer (2002) the authors take quite a different tack. They argue that
there are three basic ways to answer the puzzle presented by the border effects. Either
small trade barriers are quite capable of generating large trade costs, or one of the two are
mismeasured (trade barriers are underestimated, or border effects are overestimated).
They pick the third approach, making this one of the last papers to attempt the argument

that the whole phenomenon of border effects is largely illusory. In the study’s view, the
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border effects are being inflated because the standard internal trading distances are
systematically mismeasured, as relative to external distances.

The main change that the éuthors introduce to the specification of distance in the
gravity model is to work not with geometric approximations, but with continuous states
along a line, or in a plane. They introduce the concept of “effective distances” between
regions which calculates these consistently with external distances, so that the sum of
trade between two states as a function of their distance to each other can be repliéated as
a function of regional trade and regional distances. Deriving these distance formulas from
the general mean function, they obtain smaller estimates than the average distance
method that was used previously. This reduces border effects significantly: from a one-
third reduction in case of Wolf-type effects (U.S. interstate border effects) to two-thirds
in the case of Wei-type effects (European international border effects). This is an impact
of such magnitude that the authors were hoping to explain away the border effects
entirely with their work; however, what remains of border effect for Europe is still
significant and requires further explanation.

The applicability of Head and Mayer (2002) results depends to some degree on
the setting. For OECD and EU estimates, they are likely to be important. The authors
correctly point out that Wei’s approximation is imperfect, and present a better
approximation, but it is still not a good substitute for internal trade data. For the Canada-
U.S. border, regional trade data is available and so the border effect estimates depend on
internal distance and trade approximations to a much lesser degree. In addition, while the
derivation of the equation in Head and Mayer (2002) is based on theory, the form of the

gravity equation relied upon in deriving effective distance is not, making the result
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somewhat circular. All in all, the extent of the assumptions required to estimate border
effects in Europe is presently so great that even significant improvements to the
techniques of distance calculation can not compensate for the fact that one is obliged to
work without data for the dependent variable. As long as this data is lacking, estimates
for Canada-U.S. border must remain the preferred results in the field.

The above section of the survey does not contain all of the factors that potentially
influence or explain border effects. This is because these are not dealt with in the
literature. One of the two major gaps is the conspicuous absence of the measures of tariff
and non-tariff barriers. These are, on one hand, held to cause large border effects, but on
the other hand are not included in the estimation explicitly. The truth is that there are
plausible reasons for this state of affairs: the lack of data on non-tariff barriers, and the
difficulty of including tariffs (which are perfectly correlated with the border variable
when the gravity specification is estimated for a single year). Neverthéless, the absence
of direct estimates of the effect of tariffs does represent a serious gap in the literature. We
attempt to remedy this situation in Chapter 4.

Many other causes are considered to lie “hidden” in the border effects estimates.
The underlying differences in information, tastes and preferences may certainly account
for some of these effects; networks of trust and knowledge that are sometimes thought to
form th¢ basis of trade are yet another class of explanations. To illustrate how biased the
border effects estimates may turn out to be, one trade impediment proxied for by the
border and identified in Anderson and Marcouiller (2002) was corruption and
expectations of corruption. Insecurity resulting from corruption acts as a hidden tax on

trade; but neither is corruption the only source of insecurity in the world. Even though
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cross-country institutional variations and differences in institutional quality between
Capada and the U.S. may be small, the differential treatment expected by foreign
producers may contribute to reluctance to trade, and it is a fact that the level of concern
with security in the two countries always differed and continues to do so. One may expect
these and other, yet undiscovered, reasons to account for the unexplained parts of the
large border effect between such apparently similar countries as Canada and the United
States.

The difficulty with the factors mentioned above is that there are few practical
ways to estimate their impact. In principle, all these factors can be separated into two
classes: sources of home bias (preferences etc.) and sources of trade costs (uncertainty
etc.). Then measures of common language and adjacency can to some degree be
interpreted as proxy for networks, i.e. sources of trade costs. Networks are likely to be
more developedi between those who speak the same language and those who live close to
each other; and if they are not well developed, costs of trade increase. But unless these
variables are introduced theoretically, their potential for added value will not be realized
fully. We address this gap in the literature by explicitly introducing several variables that
measure home bias and trade costs into our theoretical model of border effects in Chapter

4,
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2.4 The Expanding Scope of Border Effects:

From Mexican Prices to Polish Reunification

An expansién in the field of border effects occurred simultaneously with the studies
revising the gravity equation specifications as described above. Border effect was first
identified as simply a coefficient on a dummy variable peculiar to certain Canadian data
for a particular point in time. In ten years, it has been acknowledged as a widespread
phenomenon, with evidence andv implications both inside and outside the field of
international economics. To a large degfee, this growth in stature had to do with the
papers discussed in this section. They established links to other areas in which border
effects can be identified, and helped legitimize them.

Two strands in particular can be discerned in this body of literature. The first
comes from the field of international financial economics and deals primarily with price
equalization along the lines of purchasing power parity (PPP) hypothesis. In essence,
price differences between cities in different countries are shown to be greater because of
the borders. The second has identified border effects in a broad international context,
with applicability to economic history and international relations. Let us consider these

two main strands in turn.
2.4.1 Price Equalization Studies

Engel and Rogers (1996) represents the early contribution in this area. The

authors examined the deviations of consumer prices from the law of one price in
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Canadian and U.S. cities and found that correcting for distance and, furthermore, for
nominal price stickiness leaves a residual that is analogous to McCallum’s border effect
for international trade. National borders thus matter also in international pricing; they
exercise their influence by segmenting the goods markets. In addition, the border effect
for prices could not be hypothesized to be due to trade barriers only, as was sometimes
conjectured in the international trade literature discussed earlier: it exhibited no tendency
to fall after the 1989 free trade agreement (in fact, even rose).

Rogers and Smith (2001) examined a set of city price data similar to Engel and
Rogers (1996); their data includes Mexico, features a larger sample size (1980-1997),
asks more questions and sheds more light on the issue of border effects in international
prices. In particular, currency stability plays an important role in reducing border effects.
The authors show that the “width” of the U.S.-Mexican border is an order of magnitude
larger than the U.S.-Canadian one, yet this difference has nearly disappeared during the
period when Mexican currency, the peso, was highly stable. Another finding is that
Mexican border towns in the “frontier zone” that have experienced relatively unrestricted
trade with the U.S. for many years do not appear to be much more integrated with the
U.S. than the rest of the country. This suggests that country-specific rather than region-
specific reasons account for the bulk of the border effect found.

The importance of currency stability is in agreement with Frankel and Rose
(2002), who estimate the effect of common currencies on trade and income. They find
that adopting common currency may lead to a threefold increase in trade with the other
currency union members. In their work, the currency union variable ranks in magnitude

along the FTA variable and ahead of common language. Their link to McCallum’s
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findings implies that Canadian provinces may trade more intensively with themselves
partly due to sharing common currency. Meanwhile, risk and exchange rate variability
impede trade with the U.S. and contribute to the hidden costs of trading across the border.
Though the magnitude of Frankel and Rose’s results may be disputed, both these papers
make the case that the different currencies and the resulting fluctuation of exchange rates
contributes to the border effect — in pricing as well as in goods trade.

Engel and Rogers (2001) return to the issue of short-run deviations from relative
PPP, this time expanding the horizons of research to Europe. A consumer price data set
from 55 European cities for the 1981-1997 period results in a high border effect that is
very comparable to the one obtainedb in Engel and Rogers (1996) for Canada and U.S.
Since data from many countries is considered, it becomes possible to estimate the local
currency pricing effect. Once this effect is factored out, it is found that the border effect -
remains positive and significant, although becomes much smaller.'® Thus even after the
exchange rate issues are eliminated from the sample by the advent of the Euro, border

effects in prices between European cities are likely to remain significant.'”
2.4.2  International Studies
A first-class contribution that re-opened the subject of trade barriers in the

European Union was the study by Head and Mayer (2000) (hence HM). Since

McCallum’s paper, exploration of the border effect issues has mostly been centered in

'® The magnitude of the border effects in all these papers is highly sensitive to the choice of measurement
periods; it is also not directly comparable to the border effects in goods trade, and so is not reported.

' In fact, price convergence studies show that most of the convergence of European prices occurs in the
early 1990’s, before the adoption of the Euro.
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North America. While the EU received preliminary treatment in Wei (1996), Head and
Mayer (2000) revisited it in possession of extensive data drawn from a number of
European databases and available down to 3-digit industry level. This paper was among
the first in the field to feature a strong theoretical foundation, and introduced a procedure
that considerably simplified the derivation of the final specification from a theoretical
model.

HM’s regression equation was derived from the monopolistic competition model
of trade and hence included price terms (see the discussion of Bergstrand (1985) in
Appendix A). There was a problem to solve, though, in that the dependent variable,
imports of region i frpm region j, contained an “inclusive value” term that prevented
closed-form solution. Through a simple expedient of dividing this variable by imports of
region i from itself and taking logarithms, HM obtained a tractable expression and
achieved significant innovation: the equation is firmly grounded in theory, and yet the
complex suite of remoteness measures is no longer necessary for estimation. The authors
also used theoretical restrictions on the coefficients. Together with Nitsch (2000) they
firmly put EU on the map of border effects studies; both papers used improved
methodology for calculating internal distances and obtained significant, high border
effects between European states in the range of 7 to 14, thus definitely bestowing an
international status on the border effect phénomenon.

Nitsch (2000) developed alternative methods of distance measurement to estimate
border effects within EU. The estimate of the paper was that for twelve European
countries between 1979 and 1990, intranational trade was about 10 times iﬁ excess of

international trade with EU trading partners. Were this paper, largely completed in 1997,
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published earlier, it would be credited with two new ideas that by 2000 have already seen
the light of day — specifically, detailed investigation of Wei’s earlier EU estimates and
the use of new distance measures. By the time of the publication, Helliwell and Verdier
(2001) already came up with a more advanced method of distance measurement, and the
Work of Head and Mayer (2000) was addressing the same questions with stronger
theoretical foundations. Nevertheless, the influence of Nitsch’s ideas on these papers
cannot be discounted.

One of the most interesting international studies of border effects in international
context was conducted by Fitzsimons et al. (1999). Their paper finds that there is a
“reverse home bias” in trade between the Republic of Ireland and Northern Ireland,
meaning that these regions trade more than expected under standard gravity model,
producing a “negative border effect”. They also find that some other closely integrated
country pairs behave in a similar manner (e.g. Norway-Sweden). It can be surmised that
what happens in these cases is the following: the very similar neighbouring country is so
closely related to the home country by language, culture and history'® that it acts as a
“second home” for the home country, and exports to it are also subject to enhancement
through home bias, just as the internal trade of the home country. This result is a strong
statement in favour of the dependence of bordef effects on cultural, historical, linguistic
and perhaps even family links between countries. It also contrasts with the Canada-U.S.
case (whose geographic isolation from the rest of the world is not unlike that of the Irish,
and whose links are thought to be at least as strong) and suggests that a full explanation

of the border effect puzzle must account also for these large differences among country

'8 Both Norway and Ireland have been independent for less than a hundred years, and have spent the
previous five centuries attached to the crowns of Denmark and England respectively. Denmark was not in
the sample of countries examined in the paper.
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pairs. In particular, it may be the case that the affinity between the two North American
countries, taken for granted in the literature, may have been overestimated.

Wolf (2002) is an unusual paper because it applies the concept of the border effect
to the events far in the past and extends it to economic integration topics. It deals with a
novel question: how did the re-emergence of Poland as an independent state and
consequent integration of its trade and economy in the period between the two World
Wars affect the internal trade of this re-created country that for 125 years had Aconsisted
of Austrian, German and Russian parts. This unique approach allows one to investigate
the crucial question alluded to earlier: what actually happens to trade when a border is
removed or created? The case in point features both phenomena: the removal of Russo-
Austrian-German borders (formerly cutting Poland in three parts) and the emergence of
Polish borders with these countries where no borders previously existed. Since the
paper’s primary aim is to study the re-integration of the Polish market, only the first issue
is dealt with explicitly by the author (which may have also been due to the lack of data to
explore the second question). A dynamic persistence of the former borders and their
strong effect on trade is found, which has declined through time as the country became
more homogeneous; however there was clear evidence of home bias in regional Polish
trade during the period between the two World Wars (1926-1934 data). In the year 1926,
internal trade within the ex-Russian part of Poland was 4.2 times above normal (5.5 for
the ex-Austrian part and insignificant for the ex-German part). By 1934, the ex-Russian
and ex-Austrian home biases have decreased to 3.2 and 3.5 respectively.

A short discussion of this unique evidence is in order. Certainly the most doubtful

point is the quality of the data, coming from the Statistical Yearbook of goods transported
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by railway, exclusive not only of all other modes of transport, but of some non-standard
railways as well. A more subﬂe objection is that the home bias may be overestimated
because effects of the new Polish borders were not taken into account. In other words, it
is likely that the ex-Russian partition would trade more with Russia (as before the
reunification) and be less home-biased if there wasn’t a recently created Polish border in
the way. Thirdly, the home bias of the partitions is not greatly in excess of Wolf (2000)
estimates of border effects between the U.S. states, and thus does not constitute sufficient
proof that these partitions behaved as separate countries. Yet in any case, it would not be
warranted to consider this successful integration scenario as a blueprint for other
hypothetical integrations, either in North America or EU. The fact is that these three
constituent parts of Poland were still strongly tied historically, culturally and
linguistically despite the oppression of their imperial masters and exhibited a consistent
desire to reunite their country, thus having a peculiar affinity for trade with each other,
similarly to the examples in Fitzsimons et al. (1999). This fact can not be isolated in the
regressions of the paper, where every region possesses that quality, but it means that the
results are not directly comparable with other findings and possess limited guiding value.
One of the latest papers on European border effects is De Sousa and Disdier
(2002) which examines the trade flows of Hungary, Romania and Slovenia. Their internal |
and externai distances use the same methodology and are calculated as the sum of
bilateral distances between the constituent regions weighted by the share of the

population of each region:

dij = Z(ZO idgigj )Ogj 3 | (2)

& &i
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pop, pop,,
where Og’. = & and Ogj = : ,
pop; pop;

pop being the population of country/region, g; are regions of the country i, g; are regions
of the country j and dj is bilateral distance. Internal distances of the region are
determined assuming that the region’s shape is that of a disk (in this case the internal
distance is proportional to the square root of its area). It is not clear, however, whether
the combination of these methods is consistent, e.g. whether the disk assumption for a
country would be consistent with the internal distances of its regions given by formula
(2). Conspicuous also is the absence of the remoteness variables. Subject to further
research into this question, and considering that using GDP instead of population leads to
very similar empirical results, this methodology would present a simple and accurate way
to scale economic distances between regions.

The authors advocate using advanced econometric techniques to correct for the
possible bias due to correlation between variables and the unobservable characteristics in
the estimates of the border effects. They use an instrumental variable estimator for panel
data regression models according to the Hausman-Taylor procedure’® to correct for
correlation between the explanatory variabies. It is unfortunate that, due to the country
sample selection, their results - border effects of 31 under ordinary least squares
estimation and 52 after the corrections - cannot be compared with lresults obtained using
more traditional methods (which generally indicate that more advanced econometric
techniques yield very small differences compared to OLS) and thus provide no

opportunity to evaluate the effect of the econometric techniques used. Further research

!9 The paper in question has a detailed discussion of the procedure; Hausman & Taylor (1981) is the
original source.
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could andvshould evaluate the practical upshot of the author’s undisputable contention
that the OLS estimates are biased and inconsistent on a wider set of data.

In concll}sion, it may be worthwhile to recapitulate the most important common
feature of the research described in this section. The main thrust of all these papers is
remarkably uniform, despite the diversity in countries, time periods and variables under
study. Whether in Europe or America, whether for movement of goods, prices or
workers, nations and national borders matter for trade.

In principle, for a new effect or variable to establish itself in economics, it must
pass through several stages of inquiry. Once discovered, its existence must be confirmed
by rigorous empirical testing. Thus when the border effect came into existence as an
isolated phenomenon, it was first subject to “explaining away”, as the early papers in
Section 2.3 have attempted to do. The inability to eliminate this effect empirically
established its legitimacy and ushered in the second stage of inquiry — finding links
between the new variable and the already known. variables, in effect “mapping” the place
for the border effect in the literature and its explanatory potential. In this section, it was
shown how the international economists had verified that the border effect was a
widespread occurrence and found it to be dependent on numerous factors that also
habitually affect trade and welfare. The third and most challenging stage of winning
acceptance had Begun for the border effect when it became a subject of rigorous
theoretical eﬁquiry. Either it would win approval, become theoretically formulated and
subsequently incorporated into theory and textbooks, or be utterly discarded as an
empirical quirk without real significance. The details of this trial, still ongoing at the

present time, are presented in the next section.
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2.5 Theoretical Critique of the Early Border Effect Literature

While the border effect was emerging as a widespread phenomenon, the gravity models
used in that research came under fire for lacking a firm theoretical basis. Many models
were constructed on an ad hoc basis, building on previous work and adding new elements
that did not necessarily flow from theory. A qualitatively new stage in the examination of
border effects was thus opened by Anderson and van Wincoop (2001), who pointed out
these shortcomings and firmly stressed the need fqr a model rigorously proceeding from
economic theory. They have effectively moved the debate on border effects to a new
level by their suggestion that omitted variables bias, improper (or non-existent) derivation
of the gravity equation and ad hoc additions to the specification distort the message
carried by the gravity equation and make the border effects estimates computed from
earlier models largely meaningless. This paper explicitly introduced welfare
considerations into the model and stressed the computation of aggregate welfare as the
paramount objective of this research, thus single-handedly redirecting much of the
subsequent debate on the issue towards the question of the welfare impact of the border.
The theory-driven model of Anderson and van Wincoop (2001) (subsequently AvW)
merits detailed attention and is discussed below.

The computable general equilibrium model (CGE) of AvW is constructed as
follows. Assuming differentiated goods and homothetic preferences (CES utility),

consumers in region j are solving the following problem:

( (1-0)/o, (0'—1)/0' olo-l)
2.5 3)
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subject to the budget constraint:
Z Pcy =Y, 4)
where o is the elasticity of substitution between the goods, [, is a positive

parameter, y, is the nominal income of region j residents, and p, is the price of region i

goods for region j consumers. These final prices are the sum of producer prices and

unobservable trade costs ¢;, which will be identified empirically.

Following Anderson (1979), and assuming symmetric trade barriers, the gravity

equation can then be derived as:

yiyj ty -0
xy=— —— (%)
(L)
subject to
PyC =P 0uy° Vi (6)

where »” is world nominal income and p ; is the consumer price index of j. Thus the

remoteness (or “multilateral resistance™) variables, deemed significant in previous work
but introduced ad hoc, appear here explicitly as price indices. Trade between i and j is
positively correlated with the multilateral resistance of the importer, which is
proportional to its propensity to trade with this particular partner relative to the rest of the
world.

This key insight, that trade between regions is determined by the relative trade
barriers, has led to a cardinal rethinking of the meaning of the results first obtained by

McCallum. A large country such as the U.S., with a large internal market, would simply
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not be affected as much by a change in external trade barriers as a smaller country like
Canada would be. A trade barrier on Canadian border, however small, increases the trade
costs of Canadian provinces with the vast majority of the world’s regions, while the same
barrier does not matter very much to a U.S. state. This means that the imposition of a
trade barrier must raise the relative attractiveness of internal trade much more for
Canadian regions than for U.S. regions, leading to much larger increases of internal trade
for Canada than for U.S. It is this abnormally high level of internal trade resulting from a
trade barrier that leads to the high border effects, which are estimated in comparison to
the internal trade levels. AvW’s major contribution thus was to establish conclusively
that the high border effects estimated for Canada by McCallum and others do not imply
that, should the trade barriers be removed, Canadian trade with the U.S. will rise by a
factor of 20 or so. Such a move (e.g. a North American political union) would rather
sharply decrease the abnormally high Canadian internal trade to a “normal”. level; the
actual cross-border trade would grow by only about 44%, while Canadian internal trade
would drop by a factor of 6. Meanwhile, the U.S.. internal trade would be affected only
slightly (down by 25%).

Thus the spectacular McCallum’s factor of 22 would be reduced, in two stages, to
a mere 44%.%° Yet the fact is that this analysis, however valid, addresses a different
question from the one that McCallum initially set out to answer. The AvW’s 44%

estimate determines by how much trade between US and Canada would grow if the

20 This is accomplished in two stages: the omitted variables bias resulting from an atheoretical formulation
of the gravity equation is estimated and reduces the border effect to 14.8, while the subsequent
decomposition of the border effect into internal trade and external trade components along the lines of the
previous paragraph permits the estimation of the external trade increase in the event of border removal
(44%).
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border vanished overnight along with all the differences between the two countries.”!
This is the question that McCallum’s paper never intended to answer. On the terms of his
paper, McCallum’s results - broadly interpreted as “national borders matter” - remain as
pertinent as AvW’s conclusions. The details (Ontario trading 20 times more with British
Columbia than it should) may be subject to some correction for the omitted variables bias
(multilateral resistance terms), but remain strong, positive and significant.

The main difference between these two séminal papers of the literature thus lies
not only in methodology, but to some degree in their outlook. The questions these
researchers ask are affected by the side of the border they are looking from. McCallum,
assessing the border effects from the Canadian side, emphatically asserts that borders
matter — which they indeed do for Canada. AvW, on the U.S. side, conclusively show that
the aggregate welfare and trade of the United States are little affected by the border. Both
results are equally valid and acceptable — they are simply the age-old maxim that the
economic and political sovereignty of smaller nations matters a great deal to them, but
not so much to the large countries and not to the world as a whole. It is in the dichotomy
between those two viewpoints, and from the comparative evaluation of these two
approaches that the current understanding of the border effects puzzle emerges, largely
focused on the idea of small border costs that generate seémingly large border effects for

smaller countries.

2 1t is unlikely that a political or economic union between Canada and the U.S. would lead to a complete
overnight removal of barriers to trade between these two countries which are, contrary to first impressions,
quite different in government traditions, history, cultural heritage and outlook on world affairs. In view of
the European Union’s 50-year-long march to Europe without borders and continuing strong evidence of
border effects within Europe, the discussion of the eventual equilibrium conditions in a borderless North
America must necessarily remain academic for some time to come - since nothing less than complete
dissolution of Canadian economic identity would allow the AvW’s estimates to be realized.
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To summarize, while the merits of AvW’s approach are clear: it emphasizes the
primacy of theory and takes interest in measuring the final, real effect of the border
phenomenon on consumer welfare, there are shortcomings that are less obvious. Its return
to sound theoretical foundations in the modeling process implies foundations of a
particular nature, dependent on some key assumptions. These could be countered with an
argument based on the long-run principles of economic self-interest as evidenced in
revealed preference. If, rather than being an oppressive artefact of governmental
interference, the existing frontiers are justified by revealed preferences of the economic
agents enclosed within and maintained through their continued self-interest, the picture
painted by AvW would no longer be satisfactory. When this self-interest of the
population no longer exists, borders begin to disappear, as is presently the case in Europe.
In asserting the negative welfare effect of the existing borders, one then is merely
admitting that the .problem is not well-defined and that the equation under consideration
is misspecified, and missing important variables that make the border a profitable
arrangement to the country’s denizens.

Although the AvW argument has been widely and justly praised as an important
contribution to the border effects literature, it did not close the debate. It is because there
remain potential shortcomings to recognising their approach as final and definitive. In
particular, their formulation of gravity equation derived from a computable general
equilibrium framework raised objections. Among the first to critically examine the AvW
contribution were Balistreri and Hillberry (2006). While accepting the AvW contention
that the gravity equation should be legitimately derived, they counter with the objection

that AvW’s CGE model generates implausible results for the behaviour of several key
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variables such as prices and transport costs. The gap between theory and practice in
border literature is thus made manifest: when theory is ignored, estimates are unreliable
for positive economic interpretation, but when “too much theory” is brought into play and
a GE model is constructed, its predictions in areas other than border effects are
inconsistent with empirical evidence. |

Section 2.4 has already discussed Engel and Rogers (2001), who examined border
effects in prices. Nevertheless, they provide such important theoretical contributions that
they should be mentioned again in this section. They break up the observed border effect
into two theoretical components: the “real barriers effect” (analogous to the border effects
in trade) and the volatile exchange rate effect. The link between border costs, border
effects and welfare, fist clearly stated in AvW, is given further development here, with
different welfare effects implied by two different types of barriers. In particular, they
show that while the “real barriers effect” leads to real welfare losses, the exchange rate
effect does not necessarily do so. Thus while the introduction of common currency will
eliminate the border effect proceeding from the volatile exchange rate, it may not
increase the welfare accordingly. This finding highlights the fact that border effects are
not always accompanied by welfare effects and merit consideration as separate items of
interest, regardless of whether welfare is affected.

In an innovative paper by Brown and Anderson (2002), the model of trade is
developed on the basis of Armington assumption (regional specialization) and internal
U.S. trade flows are derived from the CFS (Canadian internal trade data are not
considered). The research question (following AvW) is posed in terms of trade increase

with the elimination of the border effect and results in an (approximately) 130% increase,
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or three times the AvW estimate.”> Border effects are estimated by 2-digit manufacturing
sectors. After controlling for output, distance, wages, productivity and location, the
border effect estimates obtained vary between 0.9 (for transport equipment) and 7.2 (food
products); all of these are positive and statistically significant. It must be borne in mind
that these effects are estimated relative to U.S. internal data and thus are not directly
comparable with McCallum’s results (that show the ratio between the intensities of
Canadian internal and external trade), but with the AvW’s result of 1.63 (which is the
corresponding ratio for the U.S.). Thus, just as on aggregate, the authors’ estimates of
border effects exceed AvW’s estimates for most sectors (14 out of 18). Some sectors are
pointed out as less susceptible to border effects (transportation), while in others tariffs
and non-tariff barriers are clearly contributing to high estimates (textile, apparel, food
products). There is no single consistent explanation for the behaviour of the sectors - and
on this point the paper raises at least as many questions for further research as it answers.
A recent contribution to the discussion on the theoretical foundation and meaning
of border effects has been made by Coulombe (2005). He deals explicitly with the
differences between McCallum’s and AvW estimates and shows that these differences
are due to the relative nature of the border effect. Since McCallum’s border effect
parameter - the exponent of the dummy variable in (1) — measures the ratio of weighted
intranational to weighted international trade, it is improper to interpret this parameter as
the estimate of absolute increase in international trade should the border be removed. It
shows rather that in a 2-country world (a workable assumption for North American

economies), a border leads to stronger effects on the small country than on the large one.

22 This is an order of magnitude smaller than McCallum’s estimate, as the authors point out, but his paper
answered a different question as noted. AvW’s estimate is the proper benchmark in this instance.
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Thus the tenfold difference between the estimates of border effect from the Canadian and
U.S. sides is due to the fact that both estimates measure border effects in relation to the
density of their internal trade. The equilibrium level of cross-border trade in a
hypothetically borderless North America (if the contradiction in terms can be tolerated)
will thus be more intense than internal Canadian trade, but less intense than the internal
U.S. trade. Therefore the true size of the increase in that trade will be a weighted average
and lie between the two estimates, heavily biased towards that of the larger country. From
Canadian perspective, this increase in weighted trade would amount to a factor of 16 and
from the U.S. perspective, to 1.63 (whereas in absolute terms AvW estimate this increase
at 2.24 as the weighted mean of the two).

The above discussion has largely expounded the significance of AvW’s results as
interpreted in Coulombe (2005). Coulombe’s own contribution was to point out that their
analysis is colntingent on the special assumption that economic density®® (the ratio of
GDP to an index of internal trading distance) is proportional to the economic size; or in
other words, internal trade distances of the countries are equal. The empirical situation in
North America being such that this largely is the case, the point might have been
overlooked. However, Coulombe argues that if a hypothetical country with Canada’s
GDP but only 1/10 the size (in his example, Belgiﬁm) was put in its place to trade with
the U.S. (their economic densities being equal), its border effect estimates would be quite
comparable to the effects estimated from the U.S. side, and both — to the true estimate of

the border effect. This result becomes clear if one considers that the intensity of

2 The intuition for economic density may be acquired by analogy with physics. Physical density of a
material equals weight over volume and shows how densely the given volume of material is packed with
mass. Economic density equals the amount of economic transactions over geographical area and shows
how densely the given economic area is packed with economic activity. The concept is similar to GDP per
capita and may be viewed as “GDP per shipment distance”.
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borderless international trade between such two countries would equal the intensity of
their internal trade.

Hence, a twofold conclusion can be made from Coulombe (2005), which can
serve to summarize the state of the theoretical debate at the present time:
- a McCallum-type border effect is an unbiased estimate of the border effect when
the trading countries have the same economic density. When economic density differs, it
is biased upwards when estimated relative to the internal trade of a country with lower
economic density, and biased downwards when estimated relative to the internal trade of
a country with higher economic density, with the true estimate lying in between those;
- it is likely that the typically lower estimates obtained from the E.U. countries
(starting with Wei (1996)) are due to the fact that these countries are much closer in
economic density than Canada and the U.S. It is also possible that the different border
effects across Canadian provinces obtained by Anderson and Smith (1999) are partly due

to their differing economic densities.

2.6 Other Literature

The main currents of the border effects literature have been discussed above, but there
still remain studies that stand apart from the principal trends and do not fit comfortably
into any of those currents. These are distinguished from the preceding works by the fact
that they either develop a completely new explanation for the observed facts or explore
new possible sources for the unexplained components in the border effects estimates.

Given all the diverse areas in which the borders effects have been identified, it is unlikely
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that a stand-alone, one-shot explanation of the border effects puzzle, which does not build
on previous literature, would be compelling enough to be widely accepted. However,
there is still a lot to gain from the attempt. Some of the stand-alone models developed
here are ingenious, contribute valuable insights and definitely merit further consideration
by the academic community.

A comprehensive attempt to encompass the border puzzle in North America
through one plausible model was made in Fairfield (2001). He developed a model in
which the economic geography of North America serves as the main explanation for the
border effect. According to the evidence of the paper, the industrial structure of North
America is characterized by predominant concentration of the raw materials in the West
and of the production centres in the East of the continent. Thus trade necessarily involves
the flow of intermediate goods from west to east and the flow of manufactured goods in
the opposite direction; both flows are assumed to be composed of close substitutes. The
paper demonstrated that a model developed under these assumptions implies that small
border costs produce high border effects and thus the model accounts adequately for most
of the border effect observed in North American estimates, showing that trade tends to
flow East-West on the continent rather than North-South. The most salient conclusion of
the work is that close similarity between Canada and U.S. has two sides to it: on one hand
it would seem to encourage restriction-free trade, while on the other it results in goods
that are very close substitutes produced in both countries. As a result, these goods are
very sensitive to price and even a minimal border cost can create a significant

impediment to trade. The paper also argued against the possibility of excessively high
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border costs facéd by traders in North America and showed that they may be as small as
transport costs.

In a similar vein, Hillberry and Hummels (2002a) emphasized the role of
intermediate input trade as an important component of the explanation of home bias. In
their work, however, it is not the economic geography of the continent that matters, but
the location decisions of the intermediate goods’ buyers and sellers. The trade in these
intermediate inputs is highly localized and tends to concentrate production and
distribution, leading to more intensive trade and the home bias that arises endogenously.
This approach has promising applications - according to this argument, home bias may
arise not only within a state, but within a region, a district or a city. This argument may
contribute to explaining Wolf’s (2000) surprisingly high border effects between the U.S.
states.

Directly addressing these results in Wolf (2000), Hillberry and Hummels (2002b)
showed that the distributional (wholesaling) activities between neighbouring regions can
indeed lead to the rise of home bias. Shipments by wholesalers tend to be concentrated
within states, creating a greater intensity of trade within the state than across the state
borders. The study also incorporated the export-import price index term suggested by
AvW, and pointed out a problem with distance measurement in previous literature.
Internal regional distances may grossly overstate the actual distances traveled in the case
of co-location between manufacturers of intermediate and final products. The authors
supported that point by using shipment level data on actual distances travelled, and found
that the distances used by Wolf (2000) greatly overstate (by 40-50%) internal regional

trading distances and trading distances between adjacent states. Taking all of the above
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factors into account produced estimates of border effects in U.S. interregional trade of
only 1.55, or three times smaller than Wolf’s 4.39 estimate.

While the three preceding works stress the importance of economic geography in
understanding home bias and resulting border effects, their theoretical foundations would
be well complemented by referring to location theory. A good exposition of some
elements of this theory that pertain to trade in border regions can be found in Niebuhr and
Stiller (2002).

A brief summary of their arguments is as follows. Location theory shows that the
economic landscape is affected by the introduction of borders and that location decisions
of firms are influenced by the presence of the borders(. Firms are discouraged from
locating in the border regions as this decision imposes additional costs; the proximity of a
trade barrier curtails the feasible supply area and market area. Industrial mix is also
affected: the larger market area the firm requires, the further from the border it will
choose to locate. Border regions consequently will have little economic activity and
predominantly those firms that require little market area will locate there. Consequently,
as business and trade tend to gravitate towards the interior of the country/region, these
location decisions increase the relative intensity of internal trade and diminish the flow of
trade within the border regions and across the borders. Eventually, a self-reinforcing
process of agglomeration may occur, strongly influencing the location decisions of future
firms and markets in favour of existing centres of population and industry, and away
from the borders®*. These spatial effects seem to warrant an explicit consideration in

further modeling of trade between countries.

* As applied to the North American situation, a significant caveat is that Canadian population is strung
along the border with consequent industrial location near the border. The same is not the case for the U.S.,
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The issues of transportation costs in the gravity model are not limited to
establishing a set of empirically “correct” distances between trading regions. Different
modes of transportation should help in explaining home bias rather than hinder research
by being difficult to compare. For example, quality of communications may be another
important factor. Bougheas et al. (1999) shed some light on the importance of
infrastructure in trade models. Assuming transport costs are inversely related to the level
of infrastructure, and subject to optimal infrastructure investment, their model predicts a
positive relationship between the level of infrastructure and the volume of trade. Issues of
optimal investment aside, this result leads one to consider an adjustment to the estimate
of transportation costs (which usually consider distance only) that would take into
account the quality of road/railroad network in the country or region, as well as allow for
alternative modes of transportation with different per-unit costs.

In general, it can be concluded that the authors of the papers included in this
section each have a singular contribution to make to the discussion. Although the issues
identified by these papers may not always be the primary reasons for border effects, the
identification and consideration of those issues in a well-specified theoretical model may

add significant value to the process of deriving consistent estimates of the border effects.

2.7 Summary and Conclusions

The purpose of this survey has been twofold: to provide a detailed chronological account

of the development of an economic theory from individual contributions, and to obtain a

50 in this respect the countries are dissimilar. With further research, this different pattern of industrial
location may play a more prominent role in explaining border effects.
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bird’s-eye view of the literature to better identify the direction of the debate and the
quantity and quality of possible explanations to the border effects puzzle. The next
chapter will address these issues more formally by a meta-analytical examination of the
border effects literature and will prepare the ground for Chapter 4. That final chapter will
develop a regional model of trade between Canada and the U.S. that generates better
estimates of the levels and trends in border effects and the factors influencing them,
taking into account what has been learned in Chapters 2 and 3.

For an alternative summary of the current levels and trends in border effects, as
well as the issues arising from these, Helliwell (1998) and Helliwell (2002) offer a good
source — the former discusses the state of the literature before AvW’s contribution, and
the latter — after. Helliwell (1998) estimates the Canada-U.S. border effects between 1988
and 1996, disaggregating them by year, province, industry and direction of trade. The
gravity equations used in that estimation are not theoretically based, and the methods of
estimation are largely based on data for single years — in other words, the potential from
having a considerable swath of cross-sectional time-series data is not utilized. These
estimates, as well as comparable OECD estimates, show signs of decline in border effects
over time, which are traced to reductions in trade barriers. Helliwell (2002) then
discusses extensions into prices, capital markets, migration and growth, and concludes, in
McCallum’s vein, that the global economy as of 1990’s is in reality a weakly linked
patchwork of tightly integrated national economies, and is likely to remain so for some
time to come. It goes on to argue that the existing borders and their effects serve
important economic purposes: enhancing information and reducing uncertainty, and

should rather be viewed as responsible for the economic success of the nation-state rather
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than representative of barriers to trade at the international level. Although there is room
for improvement in the study’s methods (opened by AvW theoretical contributions), this
conclusion remains a plausible one. The case for border effects being efficient within a
completely specified model of trade that encompasses interregional and international
trade made by Helliwell (1998) is one that should receive further development in the
literature, taking into account the points made since its publication.

Helliwell (2002) provides a survey of the current situation in the border effects
literature after AvW have emphasized the importance of theory. Having made the
seminal contribution to the field by verifying McCallum’s results, explaining their
importance, as well as contributing to better distance -estimation, the author now
examines a broad range of issues raised in the literature published since. The reader is
referred to this excellent summary as much for the details as for the thought process
itself. Helliwell’s preferred explanation for the unexplained portion of border effects is
the impact of the intangible and yet powerful bonds of the “networks of shared norms and
trust”, personal contacts, knowledge of local preferences and all the little things that
make one prefer his local grocer to a mall supermarket, subscribe to local newspapers and
“buy Canadian”. It is a compelling suggestion and, if ways of properly implementing this
factor in further research are found, may be instrumental in helping understand the border
effect.

Having surveyed the literature in detail above, we wish in closing to present our
own summary of the topic. The political and economic climate of the 1990’s was
particularly favourable for believing in the inexorability of the process known as

globalization. The fall of communism, the union of Germany, the expectations of peace
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“and prosperity and the emergence of market economy as the only credible economic
philosophy seemed to make complete economic integration of nations into a global
economy a plausible and even imminent scenario. And the enthusiasm for this scenario
may have led some to believe that the world economy is further advanced along this path
than was actually the case. It is against this background that McCallum’s original
findings cautioned the practitioners of economics against wishful thinking, showing that
the ties that bind together a nation are still much stronger than international trading links.

The development and acceptance of these results as legitimate empirical findings
through studies by Helliwell (1996, 1997), Wei (1996) and Hillberry (1998) played an
important role in establishing the border effects as a subject of economic inquiry. Links
to other fields (to price literature by Engel and Rogers (1996, 2001), to currency unions
by Frankel and Rose (2002) etc.) have demonstrated that border effects in international
trade have a wider interpretation than expected.

These laws have been challenged by Anderson and van Wincoop (2001), and after
heavy revision and reconsideration have been put on a firm theoretical basis. After their
contribution, there can hardly be a place for a study that does not derive its model from
theory. Meanwhile, several variables of importance (such as tariffs) have still not been
explicitly dealt with, and econometric methods routinely used in other fields (such as
panel data analysis) have not been applied. Thus there remain serious gaps in the field,
gaps that this thesis intends to address.

Currently, the two principal strands of the border effects literature are the linkage
between border effects and welfare, and developing and refining better estimates for

border effects through the use of a theoretically sound model. Based on our survey, we
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believe that although much work was done on calculating and describing border effects,
the consensus on this issue remains elusive and the existing methods still have significant
room for improvement. This compels us to take the latter approach, and in doing so
attempt to integrate the contributions of the literature surveyed above. Such integration
should be achieved by deriving generally consistent empirical estimates from a theory-
driven model; only then could the welfare question be properly investigated. We devote
ourselves to this task for the rest of this thesis. Chapter 3 conducts a formal meta-analysis
of the empirical findings; the findings are used in chapter 4 to construct a regional model
of trade that aggregates the best practices and the theory behind international trade. That
model goes on to obtain better estimates of levels, trends and factors behind the border

effects in the international goods trade between Canada and the United States.
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Chapter 3
Meta-Analysis of Economic Research on Border Effects

The preceding chapter has surveyed the development of the literature on border effects
during the past decade and identified the primary trends, contributions and areas of
concern. This third chapter now proceeds to systematize the knowledge available on this
topic in a quantitative manner. The techniques of meta-analysis allow us to pose and
answer several questions about the border effect, aggregating the contributions of the
literature into one model. Meta-analysis is a well-developed technique that can establish
the significance of a particular factor even in cases where a narrative survey would be
forced to conclude that the evidence is inconclusive. We argue that just as a narrative
survey may be insufficient to make a conclusion, so can the meta-analysis be incomplete
and biased witﬁout a narrative survey that follows the literature development and
identifies variables of interest and significance to meta-analysis. A combination of
narrative and meta-analytic surveys gives us the knowledge of best practices in the area
and strongly positions us to take these into account in the last chapter, where we build
and estimate a regional model of border effects.

Our meta-analysis confirms the existence of significantly positive border effects
everywhere in OECD with the average magnitude between 7 and 10. We also investigate
whether findings in this area are subject to a publication bias.>* The explanatory (or

moderator) variables are able to explain over 90% of variation in border

% Also known as the “file drawer” problem, publication bias arises when studies that obtain statistically
significant estimates have a higher probability of being published than those that don’t, the latter being
relegated to a researcher’s file drawer. This problem is recognized to have the potential to cause a non-
significant effect to be perceived as significant.
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effect estimates found in the literature. The variables that influence the study results are
determined to be: the fact that the equation is derived from theory (border effect estimates
are lower in those studies), taking adjacency into account, and the number of
specifications considered (more specifications lower the border effect estimate). There is
evidence that the research studying the border between Canada and the U.S. obtains a
higher border effect; there is also some indication that the border effect generally
decreases with time. Also important are the results which indicate a lack of effect (or
weak effect) for the variables that are extensively discussed within the literature, i.e.
distances (internal and international) and remoteness measures. Our findings establish
beyond reasonable doubt the authentic empirical character of the border effects (as
opposed to them being an artefact of econometric specification), inform further research

and help us build our theoretical model in the next chapter.

3.1 Introduction

Since McCallum’s (1995) seminal paper, the literature studying border effects has
expanded greatly. Dozens of publications on the issue have come out, - from those
merely adding a piece of information to the amassed knowledge to the ones attempting to
definitively settle the issue and close the debate. No matter how balanced and extensive, a
narrative literature review may not be able to do justice to such an array of empirical
results. Whether it happens through omission bias, author’s bias or undue stress on some
of the selected opinions, it is all too easy to misrepresent the course of scientific thought

on a given issue. To ensure a comprehensive approach to the border effects problem, we
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wish to evaluate this literature more formally, with the use of sfatistical methods that
summarize and analyze the empirical results of the individual studies. This will take the
form of meta-regression, a form of meta-analysis particularly suited to the evaluation of
empirical research in economics and other scientific fields.

The chronological review of the literature in the first chapter has recorded
differing and changing attitudes to the problem of border effects and has shown how the
approaches in this area evolved through time. It has also described the economic
environment surrounding the issue and thus enabled us to identify the variables of interest
that may, according to various researchers, be involved in the border effects puzzle. The
meta-analysis is a natural follow-up to this review, since most of the necessary
identification and survey work has already been accomplished.

At this point, our aim is to contribute to the theory of meta-analysis by pointing
out the gains to be reaped from doing a narrative literature review beforehand. Stanley
(2001) makes a strong argument for meta-analysis as a more formal and objective process
than a narrative review. This point is well taken, yet we wish to go further and
demonstrate that a combination of a narrative review with meta-analysis produces a
number of positive spillovers and achieves superior results to those that can be obtained if
either procedure were done separately. This synergy occurs because the literature review
(preferably chronological) can enumerate and describe the variables that emerge as
important as well as theoretically sound in the process of field development. Thus it
addresses a weakness common to the meta-analysis process: the explanatory variables
selection is often not grounded in theory and determined pragmatically. Combined with

small sample sizes typical of meta-analysis and low degrees of freedom, this weakness
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leads the researcher to pick and choose among many candidates for moderator variables
for the final equation. This process of variables elimination is likely to leave in the ones
that “work”, i.e. prove significant, at the expense of those that do not. While this process
will lead to a conclusion regarding which variables have effect in the particular (small)
sample, its applicability to the universe of all possible studies is dubious, because the
technique at the variable selection stage is fundamentally atheoretical. Only by applying
the “good” econometric practice of postulating £he equation design before estimation can
we hope to obtain consistent results, and this is only possible by identifying the
theoretically important variables beforehand by means of a literature review.

Meanwhile in the main channel of inquiry, this meta-analysis produces three main -
benefits. The sensitivity of the empirical results to the research methods and variables
used is determined (for example, the exact calculation of internal trading distances does
not seem to be crucial, while the theoretical derivation of the gravity equation is).
Second, we can assess the contributions and importance of different variables in the
border effects puzzle, as these are weighted by time, number of observations, significance
etc. Finally, and perhaps most importantly, an answer to the question “how large and
economically meaningful are the border effects?” is obtained at the hitherto
unprecedented level of precision, as the significance of close to 30 studies is combined
into one. These results are then intended to be used in further research to construct a
“definitive” version of the border effects equation that is based on the insights obtained

from the narrative and meta-analytic reviews.
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3.2 Meta-Analysis as a Systematic Tool of Inquiry

Undoubtedly there are some who will claim that meta-analysis >is not necessary to answer
that last question, since there is little disagreement in the literature on the fact of the
existence of large border effects - nearly all of the papers on the issue will readily answer
it in the afﬁrmativé. Others will point out that combining well-known published studies
using “good” methodology and sound theoretical background with more obscure ones
and giving them equal weight is a practice that cannot lead to credible conclusions. And
others still will assert that meta-analysis is simply not a valid tool from the econometric
point of view and that any combination of empirical results from different papers is
unjustified.

We will now answer all of these concerns. in reverse order, starting from a general
case for meta-analysis. When several independent studies are conducted on a subject, a
meta-analysis allows for combining their results for a stronger statement on the
phenomenon under study. In addition, it also permits the assessment of the method and
design of a particular study by reporting to which degree these affect the study’s reported
results. This helps explain the variation between individual studies in scientific terms and
shows that a certain proportion of the result is due to a particular approach - rather than
dismissing the approach itself as “suspect” or “atheoretical”, as a literature review often
does. The techniques of meta-analysis have already found widespread use in many social
and exact sciences since first introduced by Glass (1996) and (1997). In medical science,
for example, it has established the effectiveness of streptokinase (Hunt (1997)), evaluated’

the risk of second-hand smoke (He et al. (1999)) and coronary bypass surgery (Held et al.
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(1989)). Recent economic applications of meta-analysis, to name but a few, include the
effect of common currency on trade (Rose and Stanley (2005)), the investigation of
gender wage bias (Stanley and Jarrell (1998)) and the meta-analysis of the effects of
immigration on wages (Longhi et al. (2005)). These and other studies claim impressive
results for meta-analysis: an ability to achieve clarity in ambiguous topics, identify or
refute a genuine empirical effect and neutralize bias inherent in narrative reviews.

In general, while meta-analysis certainly can suffer from omission or
misrepresentation, it is liable to these errors to a much lesser extent than the conventional
literature reviews. This has been already recognized in other fields and meta-analytic
techniques are now becoming accepted in economics - if coronary bypass surgery can be
judged by meta-analysis, surely the economic questions can, too. Stanley (2001)
documents the widespread use of meta-analysis in economics over the past two decades.
Gender wage gap, union wage premiums, minimum wage effects, benefits of endangered
species, Ricardian equivalence — these have all been evaluated by meta-analysis in the
90’s. In particular, while the conventional surveys tended to refer to empirical evidence
on Ricardian equivalence as “extremely ambiguous”, a meta-analysis finds clear evidence
of non-Ricardian behaviour in the economy (Stanley (1998)). And in the field of
international trade, Rose and Stanley (2005) conduct a meta-analysis on the effect of
common currencies on international trade, finding that a currency union significantly
increases trade (by 30% to 90%). Perhaps, then, the time to evaluate the border effects
puzzle with meta-analytical techniques has also come.

The concern about mixing the “good” with the “bad” studies is unjustified as well.

The meta-analysis itself is a tool by which the “bad” shall fail and the “good” prevail. If
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all relevant studies from a standard database are included, there is no selection bias in the
study. The meta-analysis will then show how the results are affected by the different
methods. It can also bring to bear such methods as sequential exclusion of various studies
based on different criteria and gauging the impact on the study results — tools completely
outside of the range of conventional literature reviews. Finally, if the study is found to be
“bad” and rejected, meta-analysis can identify and document specific characteristics that
prompted the decision, providing a more formal and objective process of elimination.
Lastly, those who believe there is no question about border effects being
economically meaningful are, strictly speaking, simply “counting votes” in the literature.
Their beliefs may be affected by publication bias (studies that find border effects
insignificant may not get published) and the vote-counting approach itself should be
considered obsolete in view of possibilities that meta-analysis offers. The sound criteria
for determining the character of the underlying empirical effect are the positive results of
significance, bias and specification tests available to a meta-analyst. It is with these in

mind that this study embarks upon a meta-analysis of the border effects literature.

3.3 Methodology and Basic Tests

The process of selection of studies for this analysis is made with the intent not to leave
out any paper containing the empirical estimates of border effects, whether it is published
or not. A keyword search for border effects and border puzzle of the standard EconLit
database and other socio-economic databases was undertaken, followed by the search of

all references to the seminal paper by McCallum (1995). A review of all these references,
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including the latest unpublished papers, has resulted in 24 empirical studies with border
effects estimates, all of which will be included in the analysis. One preferred estimate is
chosen from each study,?® with the exception of three studies that yield two estimates
each; one of these studies also produces estimates with labour mobility, and others
produce U.S.-based estimates as well as Canada-based. At a later stage, we exclude these
three additional observations in order to have an unbiased, if shorter, sample. Naturally,
there are many more papers in the area that have been excluded from the final count;
some of them do not produce empirical estimates, others produce estimates which are not
comparable to the rest (for example, in the area of prices) or are too disaggregated to be
compared.

Some of these estimates may be viewed as more “seminal” or “important” and
others perceived as using “flawed” or “obsolete” methodology. Nevertheless, these will
be controlled for in the process of meta-analysis and so every estimate has equal weight.
Appendix B reports all the studies and estimates selected.

At the core of every study estimating border effects in international trade is the
gravity equation specification of trade. Because the theoretical antecedents of this
specification have been preceded by strictly empirical use, the empirical gravity equation
has been specified in many different ways in the literature mainly due to practical
considerations. The simplest form of the gravity equation is based on the following

hypothesis about trade between two partners:

X; = AY,Y/ Dy, 1)

%6 We pick the preferred estimate if identified by the author and one which seems most representative of the
paper as a whole otherwise.
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where i and j are two trading partners, Xj; is the volume of trade between them, Y; and ¥;—
trading partners’ GDPs, D; — the economic distance between them, or the cost of
transporting traded goods between the partners, and 4 is a Vectbr of other variables. Thus
the simpleét gravity equation of international trade is fhe logged form of (1) with small

letters representing the natural logs of the variables above:

xij = Bo + Biyi + P2y; - Bsdy + Paa + &, (2)

Both (1) and (2) imply that trade is expected to grow with the economic size of
the partners and decrease with distance between them, which is expected of any
reasonable trade theory. Hence there is difficulty in claiming the positive empirical
results from a gravity equation as an argument in favour of any of those theories. This

issue is discussed in more detail below. The typical gravity equation may include several
other variables in the A vector, such as estimates of remoteness of alternative trading

opportunities, squared distance or GDP terms, and various dummies for common
language, trading bloc etc. One commonly used specification includes population as an
additional measure of country’s economic size; this specification is referred to as
augmented gravity equation. Overall, this simple equation is one of the most successful
empirical specifications in international economics; the gravity model is robust and
powerful, routinely explaining 80% and more variation in trade between countries. First
implemented in international trade independently by Tinbergen (1962) and Poyhonen

(1963), it invokes the simple mechanism of Newtonian physics by drawing a parallel
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between the forces of gravitational attraction and economic ties to explain exchange of
goods, services, migrants and other interactions between countries and regions. In doing
S0, ho;zvever, it bypasses economic theory and creates some difficulties with fitting the
estimation results into it.

A.s remarked above, the theoretical foundations of the gravity equation are less
clear and legitimate than its empirical performance. Several attempts have been made to
rectify the problem and to derive the gravity relationship ex post from the established
international trade theories to legitimize it. Anderson (1979) has shown that the gravity
model can be derived from expenditure share equations with commodities distinguished
by place of production. Several studies done in the area since have derived the gravity
model from models of trade in differentiated goods; these concentrated mainly on full
specialization models and are covered in a survey by Helpman (1999). Deardorff (1998)
followed with aﬁ influential paper, deriving the equation from the Heckscher-Ohlin
model under certain transport costs assumptions and arguing that the gravity model as a
consequence cannot be a test of any of these trade theories; however, this view has since
been questioned by Evenett and Keller (2002) and Feenstra, Markusen and Rose (2001).
These studies evaluate differences in predicted parameter values for the gravity variables
and conclude that increasing returns to scale are mostly responsible for the home-market
effect in differentiated goods, this theory being better suited to explaining large volumes
of intra-industry trade between economically advanced countries. On the other hand,
much of the trade in homogeneous goods between North and South may fit comfortably
into a Heckscher-Ohlin factor endowments framework. Both of these papers emphasize

an important point: models that predict full specialization in differentiated goods find no
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empirical support. The process of derivation of the gravity equation from the various
international trade models is presented in Appendix A. In the final analysis, these
derivations have not served to legitimize the popular gravity equation; if anything, almost
the opposite is true. By showing that the specification is just an empirical regularity
which must hold in any reasonable model of trade, and that the actual theoretical
formulations are more complex and diverse than what is usually estimated, this process
has made a case against the empirical approach to gravity and advocated a direct role for
theory in the process of arriving at the specification, if the estimation results are to have
any theoretical meaning.

The above discussion illustrates that empirical success is largely taken for granted
in the area and that good empirical results are not likely to exonerate those models based
on general usage and not on strict application of theory. It is thus crucial to differentiate
the “common” gravity equation from the one driven by a specific theoretical structure,
and our meta-analytic procedure will allow us to do so.

The estimates of the border coefficient typically (but not always) enter the gravity
equation invimplicitly logged form. For consistency, we transform all estimates into a log
of the ratio of weighted intra-national trade to weighted international trade?’ and call our
dependent variable B. We expect it to have a linear dependence on the vector of the
underlying characteris;[ics of various studies that enter aé independent variables.
Specifying a regression equation with these as explanatory variables for B, we divide

through by its standard error to correct for heteroskedasticity, and obtain an equation with

2" Thus for a typical McCallum-type estimate, the dependent variable is the logged border dummy.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



71

t-value of B as the dependent variable and all the dependent (moderator) variables
divided by a scalar standard error of B.

The first hypothesis test that should be made at this stage is whether or not B = 0
in the literature. The original test is due to Fisher (1932) and tests the null hypothesis of
no individual significance in every case considered, leading to no overall significance.
Under the null, the p-value of every estimate is randomly selected from a normal [0, 1]
distribution; if so, minus twice the sum of natural logs of these p-values is chi-square
distributed with 2N degrees of freedom. In this study, the Fisher test statistic for our full
sample equals 2168, drawn from % (54), and thus the hypothesis can be rejected at any
significance level. The Edgington test with a small-sample correction leads to the same
conclusion.

The assumptions underlying Fisher’s test, however, are so restrictive as to render
its applicability dubious. Studies are presumed to be independent and homogeneous, and
all conducted under a null hypothesis that the true border effect is zero. Considering the
variation in specifications in this area and the fact that the border dummy in some
specifications can accumulate the explanatory power of omitted variables, it is unlikely
that these assumptions hold. Although the result of the Fisher test may indicate a strong
positive border effect; these concerns dictate the necessity for other tests.

Exploring the variation of the estimates in the literature is the next logical step. If
the border effect estimates in the literature are truly drawn from a standard normal
distribution with a mean of zero and a variance of one, then the sample variance between
the t-values of the studies should also tend towards unity. Testing the sample variance,

we find that it equals 170 instead, rejecting the hypothesis of the standard normal
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distribution for the underlying population at any confidence level. This resuit implies that
the studies are coming from different populations and the differences between these
populations give rise to the excessive variance that should be investigated further.

Table 3.1 shows the combined meta-estimates of the border effect in international
trade from the 27 studies that produce empirical estimates of this effect. The fixed-effects
estimates presume that the population from which the studies are drawn is the same; the

random-effects estimates allow for the treatment variations between studies to influence

results.
Table 3.1 Meta-Analysis of Border Effect on Trade (B)
Lower Bound of Upper Bound of
Pooled Estimate of B 95% CI 95% CI
Fixed 1.970 1.930 2.009
Random 2.283 1.890 2.676
Fixed, without Helliwell 1.901 1.859 1.942
Random, without Helliwell 2.114 '1.673 2.555

Although tﬁere is some heterogeneity in the data, and the upper bounds of the
random-effects estimates are considerably higher, the overall message is consistent: there
are similar, large border effects under both approaches. The 95% conﬁdence intervals
range from 1.9 to 2.7, indicating that border effects between two countries/régions are
somewhere between 7 and 15. The average effect is closer to the lower bound due to the
logged nature of the border effect dummy; it ranges from 7 for the fixed-effects to 10 for
the random-effects model.

Removing Helliwell’s five studies (the most influential multi-paper author) does

not affect these results in any significant manner. Further, removing any individual study
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does not cause the confidence intervals or estimates to deviate significantly from the

average; all the values remain positive and in the vicinity of 2 (table 3.2).

Table 3.2 Sensitivity of Meta-Analysis of B to Individual Studies (Fixed Effects)

Study Omitted: Coefficient 95% CI, lower 95% CI, upper
1 1.94 1.90 1.98
2 1.97 1.93 2.01
3 2.30 2.25 2.34
4 1.97 1.93 _ 2.01
5 1.95 1.91 1.99
6 1.97 1.93 2.01
7 2.04 2.00 2.08
8 1.97 1.93 2.01
9 1.97 1.93 2.01
10 1.88 1.84 1.93
11 1.96 1.92 2.00
12 1.98 1.94 2.02
13 1.94 1.90 1.98
14 1.97 1.93 2.01
15 1.96 1.92 2.00
16 1.96 1.92 2.00
17 1.95 1.91 1.99
18 1.93 . 1.89 1.97
19 2.04 1.99 2.08
20 1.83 1.78 1.87
21 1.97 1.93 2.01
22 1.98 1.94 2.02
23 1.99 1.95 2.03
24 1.99 1.95 2.03
25 1.97 1.93 2.01
26 1.97 1.93 2.01
27 1.88 1.84 1.92

Combined 1.97 1.93 2.01

The previous results all assume homogeneity, i.e. the existence of a common

mean for all the border effects. This assumption can be tested with a y*-based Q-statistic

| with (n-1) degrees of freedom; the resulting statistic is 2209 with 27 degrees of freedom.
This constitutes a proof of heterogeneity in the sample, as expected from the estimates
above. Therefore we are further justified in exploring the sources of additional variance,

not just through a simple random-effects model, but thrbugh a meta-regression analysis
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that could properly attribute variance to the particular elements and methods of study
design.

Before we proceed to the meta-regression, it is interesting to determine whether
there is evidence of publication bias. There is a potential problem with sample selection if
published works are not chosen randomly, but instead filtered through some criteria
related to the study approach, design or results. It is alleged that one of the standards of
publication in academic literature is demonstration of significant results; papers that do
not make that grade are not typically published, but instead accumulate in the
researcher’s file drawer (hence another name for publication bias, the “file drawer”
problem). This selection bias could potentially generate significant findings where there
are none, or inflate a weak effect to make it appear stronger. Formal tests for publication
bias will help establish whether the high significance that is the hallmark of the border
effects literature is at least parfly due to the publication bias.

A quick and simple way to gauge publication bias is to use a so-called funnel
graph, which is a scatter plot of precision (the inverse of the standard error, or 1/se)
against the estimated effect. In the absence of publication bias, the graph should resemble
an inverted funnel and be roughly symmetrical®® Note that an asymmetry does not
necessarily indicate publication bias: it may also be a sign of methodological
heterogeneity between studies. Conversely, a symmetrical but “hollow” and excessively
wide plot may conceal evidence of publication bias. Examining Figure 3.1 does not

suggest an unequivocal conclusion. That there is some asymmetry in the graph is clear,

%8 This is because estimates should then vary randomly and symmetrically around the true effect, regardless
of its magnitude. The expected inverted funnel shape is due to predictable heteroskedasticity. Small-sample
studies will have typically larger standard errors, hence less precision, and will be located near the bottom
of the graph (Stanley (2005), p. 314).
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but the question is whether it is the publication bias that is the issue here. The eyeballing
of the funnel graph should thus be supplemented by other techniques of publication bias
detection. We will use the existing MRA analysis of the t-value vs. precision due to
Egger et al. (1997), a meta-significance test due to Stanley (2004), and standard tests due

to Begg (1994) and Egger (1997); the results of the first two are presented in Table 3.3.

Figure 3.1: Funnel Graph of 27 Studies
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Estimates of B
Table 3.3 MRA and MST Tests on Publication Bias
Independent Variables: Dependent Variablés
t In(1)
Intercept 3.32 (1.04) 2.31 (4.23)
1/se 1.68 (2.95) -
In(n) - .03 (0.36)

The first column shows the results of regressing the t-value on the precision,

which is equivalent to regressing the effect on the standard error. The latter regression

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76

can be obtained from the former by mulitiplying both sides by the standard error. Thus the
intercept of the former regression is analogous to the coefficient on the standard error in
the latter regression. If there is publication bias, we expect this variable to be significant:
higher standard errors must be associated with higher effects. However, the intercept of
3.32 is insignificant here, leading us to doubt the existence of publication bias.
Simultaneously, as discussed in Stanley (2005), the significance of the coefficient on 1/se
(precision) is another sign that the empirical effect in the data is real and not
manufactured by publication bias.

Formal tests for publication bias (Begg’s rank correlation and Egger’s linear
regression tests) were also conducted, although these héve low power and cannot be
conclusive on their own. Higher levels of accuracy in smaller studies are the sign of a
publication bias that can be detected by Begg’s test; it fails to detect any in our case (z = -
0.73, P = 0.466). Egger’s method regresses SND (standard normal deviate, i.e. the ratio
of effect to its standard error) on the standard error. The resulting intercept estimates the
degree of asymmetry in the funnel plot; positive values indicate that smaller studies tend
to produce more significant estimates. The intercept value in our case is positive, but not
significant (a = 3.32, P = 0.287). Similar results are obtained when Helliwell’s papers are
excluded from the sample.

Overall, with the possible exception of the difficult to interpret funnel graph, the
result of the publication bias tests indicate it is either absent or is not a significant

problem.
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3.4 Specification of the Meta-Regression Variables

As discussed above, the dependent variable for the next stage of meta-analysis is the #-
value. These are taken from our sample of studies and normalized to account for the fact
that they are coming from t—distribuﬁons that differ in their degrees of freedom. The
variance in the dependent variable must now be explained by the “moderator variables” —
the characteristics of method, design or data of the studies that are believed to have an
effect on its conclusions; these will enter the regression as independent variables.

The theory of meta-analysis does not provide a comprehensive guide on the issue
of independent variable selection. The existing recommendations tend to favour a
pragmatic examination of the particular field or issue to decide which variables are
required for meta-analysis. In our opinion, the ambiguity of this technique compares
unfavourably with the rigorous emphasis on including all available studies made at the
earlier stage. If the aim of meta-analysis is to minimize bias inherent in narrative
literature reviews, a more structured approach at this stage is to be recommended. The
difficulty arises because it is of course impossible to be all-inclusive at this stage, as the
number of variables (including dummies) that could be thoughf of as useﬁll would greatly
exceed the available sample size. A decision on what to include and what to leave out is
necessary.

In making this decision analytically justifiable, it seems prudent to avoid all actual
estimation until theoretically sound variables are pre-selected as explanatory factors for
the differences between estimates in the literature. To avoid making this decision in the

dark or basing it wholly on one’s personal feelings as to what is important and what is
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not, conducting a narrative review and assessment of the literature as a preparatory step
to meta-analysis is a good idea that we believe should be adopted in the field as a regular
procedure. In this way, the narrative and meta-analytic reviews complement each other
with their strengths and thus serve to minimize the author’s possible bias. A variable can
be extolled as important in the narrative review beyond its actual significance, but then its
effect will be put into proper context by the meta-regression; conversely, if a meta-
regression is unable to deal with some variables because of data limitations or other
constraints, the narrative review can give it its proper discussion space.”’ Proceeding in
this manner will allow us to take a more objective and comprehensive approach to meta-
analysis, leading to a higher quality of results.

The independent variables can be loosely divided into three classes: study
characteristics, sample characteristics and treatment characteristics. In the context of the
field, it is the first two classes that are largely relevaht for the independent variable
selection process. In addition, within the three classes some of the variables can be
thought of as essential and others as discretionary.

The essential variables are required to conduct the necessary significance and
consistency tests and should be present in every meta-analysis to fulfill its theoretical
promise. We identify the following variables as essential:

Time (variable AVYEAR). The average year of data used in the study. This is

necessary because the underlying parameter that is being investigated is likely to change

from year to year. Also, the methods used to study a particular problem may evolve with

% This situation may arise if all of the literature follows a particular sample selection or model setup
process, i.e. an OECD dummy is impossible to estimate if all of literature focuses on EU only, and a
common-language dummy can not be evaluated if the field is limited to trade relations between English-
speaking countries — and yet these variables are clearly important in general.
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time. Although it may seem more appropriate to capture this latter effect with a
publication year variable, the publication year is arguably less accurate than the'average
year of data, because publication may be delayed for several years, while methods are
evolving quickly. As a consequence, two papers published in the same year, for example,
may belong to two different eras in their approach. Due to these considerations, the
average year variable is considered a better proxy than publication year and is used to
capture the described effects®®.

Publication (variables PUBLISHED. MAJOR). Publication bias is a common

concern in meta-analysis. Because there may be a bias in acceptance of results depending
on their significance, the set of published papers may not represent a random sample
from the universe of all possible studies on the topic. To address this bias, we construct a
two-level variable to include in he meta-regression in addition to the publication bias
tests implemented earlier. The PUBLISHED dummy takes a value of 1 for the paper
published in an academic journal, 0.5 for a working paper in a series (e.g. NBER, CEPII)
and 0 if unpublished. Further, for the papers published in the 14 major economic journals
(as per the JSTOR database definition) the MAJOR variable is coded as 1 and for others

as 0.

Observations (variable OBS). Incorporating the number of observations or,
alternatively, degrees of freedom, allows us to perform an important test for the general
validity of the empirical phenomenon under study. As the sample size increases, the

probability of successfully rejecting a false null hypothesis grows proportionally to the

3% There is a potential bias for studies covering long periods of time (e.g. 1960-1990 study would have the
average year of data equal to 1975). Fortunately, long studies tend to split their coverage into separate
regressions for shorter periods. The problem is dealt with by picking the latest period (e.g. 1985-1990 in the
above example). ,
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square root of the sample size. This implies positive association between the number of
observations in the study and the power of the test — of course, only if the null is false and
so there exists an actual empirical regularity in the population. Other things equal, studies
with a greater number of observations will tend to reject the false null more often.
Consequently, if the null hypothesis is false there will be a positive and significant
relationship between the number of observations and the dependent variable, which is the
normalized r-statistic of the border effect estimate of the study. The association is
independent of all the other features of meta-analysis and is reminiscent of the
consistency property of an estimator; in fact, it was defined as “test consistency” in
Poirier (1995).

In addition to these essential variables, other variables of particular relevance,
including study and method characteristics, were identified through the literature review
of the previous chapter and these include:

AREA AND SCOPE variables:

o NAM dummy: 1 if the study includes North American countries, 0 otherwise

e WEU dummy: 1 if the study includes Western European countries (2000 EU), 0
otherwise.

o CANUSONLY dummy: 1 if the study is on the US/Canada border only.

STUDY variables:

e LENGTH: number of years under study.
e SPECS: number of specifications considered by the study.

o THEORY dummy: 1 if the study derives its equation from theory, 0 otherwise.

DISTANCE TREATMENT variables:
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e [NTDISTVAL dummy: 1 if internal distance values are computed, 0 if imputed.
e DISTANCE dummy: 1 if distance measures are complex (geometric approximations
etc., 0 if simple (straight-line distances etc.)

BORDER-SPECIFIC variables (pertaining to the topic of study):

e COMLANG dummy: 1 if the study failed to account for the common language factor
(and O if it was included).
e ADJ dummy: 1 if the study failed to account for the adjacency factor.
e TRMODE dummy: 1 if the study failed to account for transportation mode effects or
quality of communication effects.
e DISTRIB dummy: 1 if the study failed to account for entrepot effect or the
distribution pattern (wholesale/retail).
o REMOTE dummy: 1 if the study failed to account for the theoretical remoteness
measures.
e TRBLOC dummy: 1 if the study failed to account for trading bloc membership.
o SPATIAL dummy: 1 if the study failed to model the spatial distribution of industry,
resources, networks or customers.
e SCONLY dummy: 1 if the effect is measured from the perspective of a small country
only (i.e. the model uses internal trade data only for a small country).
e LCONLY dummy: 1 if the effect is measured from the perspective of a large country
only (i.e. the model uses internal trade data only for a large country).
e GOV dummy: 1 if the study failed to consider the role of the government.

Note that these are only equal to 1 if the preferred equation of the study fails to

account for the variable/method in question, and equal 0 both when it is accounted for or
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" is impossible to account for. This methodology consistently indicates the presence of
influences of these variables in the border effect estimates. For example, any study
dealing only with the US-Canada border would have COMLANG = 0 and ADJ = 0
because there is no way to control for them in that setting; the zeros would also correctly
indicate that the border effect estimates from this study are net of the effects of these
variables, i.e. baseline estimates. If the study were to add Mexico to the sample and
introduce COMLANG and ADJ variables to the equation, they would again be coded as
zeros because the estimated border effect is still net of the effects of those variables.
However if that study could account for common language and adjacency, but did not do
so, its border effects will be inflated, which is meant to be captured by COMLANG = 1
and ADJ = 1.

Unfortunately, lack of degrees of freedom and the nature of the data force us to
exclude some of these theoretically important variables. Only one study fails to account
for the common language effect; conversely, only one study considers the effects of
transportation mode and government. We therefore have to exclude the COMLANG,

TRMODE and GOV variables from the final specification.

3.5 Results of Meta-Regression Analysis

The usual meta-analysis technique is to include one preferred estimate from each study.
Due to few observations, an attempt was made to subdivide some of the studies into two

parts and treat them separately. This was attempted only when the study was naturally

predisposed to such a division. For example, when alternative border effect estimates are
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derived from the internal trade of two countries using different sources of data, we felt it
permissible to treat them as separate observations. This procedure was implemented for
three studies; since in total 24 studies containing empirical estimates of the border effect
are found, we consider both the “base” sample with 24 observations with one estimate
from each, and the “extended” sample with 27 observations. We put more trust in the
results for the base sample, considering it to be less biased than the extended version, yet
expected some efficiency gains from the use of the latter due to the increase in degrees of
freedom. The results were very similar, and so only the base sample results are presented
here because we feel them to be more reliable.

Specification search was approached in a “Hendry spirit”, that is, starting from a
general model that is theoretically plausible and testing down to specific variables
through significance tests and overall fit. We started with an all-inclusive model for the
variables described above and used alternatively a set of weak and a set of strict criteria
in model selection. We found that convergence is generally achieved to one of the two
models: the “long” version (using weak criteria) and the “short” version (using strong
criteria).

The “long” specification results are presented in Table 3.4. The overall
significance of the model is clearly demonstrated by the strong F-statistic of 83. Further,
97% of the variance in the estimates of the studies is explained. Not all the variables are
significant at 5%, but these are left in the “long” version because removing them tends to
decrease adjusted explanatory power and create problems with variable omission as
identified by RESET test. Overall, several variables are found to influence the border

effect as follows:
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. Canada-US dummy is positive and significant at 10%, indicating higher border
effects between the U.S. and Canada than elsewhere.

. Average year of study is negative and significant, indicating that estimated border
effects decrease with time.

. Border effect grows with number of observations, indicating a true empirical
effect (“test consistency”).

] Border effect decreases with the number of specifications in the study, which may
be explained by greater choice of estimates and a tendency to pick a lower one as more
conservative or plausible (given that the high border effects were treated as unbelievable
for some time).

. Theory dummy has a significant negative impact: equations strictly derived from
theory find lower border effects than the average study.

. Failing to take adjacency into account increases the estimated border effect.

= Internal distance measures and trading bloc membership enter negatively, but are
not significant.

. Large-country estimation implies larger border effects which is contrary to theory.
There are only two estimates that possess the large-country property; one of them is
limited to internal U.S. border effects and both use the U.S. Commodity Flow Survey
data. This may explain the result; to account properly for the large-country estimates, a

more complicated dummy structure than the sample size allows may be necessary.
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Table 3.4 The “Long” Model

F(10, 13)= 82.76

Model 4270.37 10 427.04 Prob>F = 0.0000
Residual 67.08 13 5.16 R-squared = 0.9845
Adj R-squared = 0.9726

Total 4337.45 23 188.58 Root MSE = 2.2715

CUS_se 0.59 0.31 1.93 0.076 -0.07 1.25
AVY se -0.13 0.05 -2.88 0.013 -0.24 -0.03
OBS_se 0.00 0.00 2.60 0.022 0.00 0.00
SP_se -0.06 0.03 -2.05 0.061 -0.12 0.00
ID_se -0.39 0.26 -1.51 0.154 -0.94 0.17
TH se -0.77 0.21 -3.59 0.003 -1.24 -0.31
ADJ_se 0.82 0.32 2.56 0.024 0.13 1.52
TB_se -0.76 0.52 -1.46 0.169 -1.88 0.37
LC se 0.63 0.23 2.77 0.016 0.14 1.11
Constant 1.64 L.15 1.42 0.178 -0.85 4.12

The results of the_ Ramsey RESET test show that under Hy, F(3,10) = 1.54, and P
= (0.2645. Hence the test finds no evidence of omitted variables.

Conducting the specification search under the alternative, stricter selection criteria
yields' a specification labelled the “short” model. It contains fewer independent variables;

however all of the variables are significant at 1%. Table 3.5 presents the results.
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Table 3.5 The “Short” Model

F( 5, 18)= 107.

Model 4197.28 5 839.46 Prob>F = 0.0000

Residual 140.17 18 7.79 R-squared = 0.9677
Adj R-squared = 0.9587

Total 4337.45 23 188.58 Root MSE = 2.7905

0.000 | 092
CUS _se | 1.08 0.20 5.36 0.000 0.66 1.50
OBS_se 0.00 0.00 3.80 0.001 0.00 0.00
TH_se -1.27 0.19 -6.59 0.000 -1.68 -0.87
ADJ se 1.26 0.24 5.20 0.000 0.75 1.77
Constant 1.65 1.17 1.42 0.173 -0.80 4.10

The “siiori” model also exhibits very high significance (F = 108) and explanatory
power - 96% of the variance is explained with this model. For the variables that are
included in it, the results are quite similar to the “long” model. The theory dummy is still
negative and the adjacency dummy is positive. Canada-US dummy is highly significant
and positive, indicating once again that the Canada-US border has a greater effect on
restricting trade than other borders, and the number of observations enters positively,
indicating an authentic empirical effect.

Specification tests on the short model yield the following results: for Ramsey
RESET test under Hy, F(3,15) = 7.52, P = 0.0027. This shows evidence of omitted
variables; indeed, using very strict selection rules often results in this. However, the

obtained model is efficient and parsimonious, using just four variables to explain most of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



87

the variation in the border effects literature. Both models pass the standard
heteroskedasticity tests’'.

The log-linear specifications were also tested; their results tend to '¢xp1ain 55-60%
of variation in the data, and generally yield weaker results compared to the results of the
linear model. The variables common to both approaches are theory and adjacency,
entering in a similar fashion as before. Some atheoretical effects (large country and
trading bloc effects enter negatively) are also occasionally found, as well as the result that
border effects tend to decrease with time. Most of those models pass the RESET test and

the White heteroskedasticity test.
3.6 Conclusions

Overall, the results of the meta-analysis seem to be strong and consistent. The border
effect as a whole is strongly confirmed by the pooling results from the literature, ranging
between 7 and 10 for an average border. There is also little evidence of publication bias,
and in any case the number of meta-analytical confirmations for the border effect is
beyond any possible publication selection problem. Nearly all of the vafiance in the
literature can be explained by study- and treatment-specific variables. Finally, several
variables that have a significant effect on the border effect estimates have been identified.

Theory has been shown to be one of the crucial variables, and failing to account
for adjacency is a major and significant omission. There are some signs that precise

measuring of the actual internal trading distances would reduce the border effect, but it is

31 A good test of the two models would be an out-of-sample forecasting exercise. Unfortunately, our study
is severely limited in the degrees of freedom. Any excluded study would thus represent an unacceptable
loss of information for the main meta-regressions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



88

not a robust finding. Using complex distance measures, however, is not foﬁnd to be
important. Finally, far from being a transparent line between two similar countries, the
Canada-U.S. border effects reflect a greater than average reluctance to trade between
these two nations. Further comparative research into this unexpected finding is
recommended. The next chapter establishes a regional theory-based model framework in

which this investigation can be conducted.
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Chapter 4
New Border Effects Evidence from the Canada-U.S.

Regional Trade Model

This chapter uses the theory of trade in differentiated goods and the conclusions
of the preceding chapters to construct a theoretically based regional model of trade in
North America and estimate border effects arising from it. Theory is crucial because
earlier critiques of the empirical gravity equations — Anderson (1979), Bergstrand (1985),
Deardorff (1998) and Anderson and van Wincoop (2001) — are supported by the results of
our meta-analysis in chapter 3, which indicates that a gravity equation with a theoretical
foundation has a significant impact on the results. Our specification contains the key
price variables implied by theory, as well as the effects of tariffs and the role of
governments; we also introduce the use of time series techniques to the field on a data
panel stretching from 1988 to 2003. We thus take into account both theory and practice to
produce estimates superior to prior research. These estimates paint a picture significantly
different from that of earlier studies by McCallum (1995), Helliwell (1998) and others.

There are four principal conclusions from this chapter: a) border effects between
Canada and U.S. are much lower than suggested by most of the previous research; b) the
decrease in border effects with time established in the literature is shown to have been
largely due to the omission of tariffs as an explanatory variable; including tariffs and

making use of time series techniques shows that Canada-U.S. border effects net of these
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factors have actually risen with time; c) national and regional governments in North
America are one of the explanatory factors for border effects, and d) the overall border
effect is found to be largely import-driven, meaning that Canadian provinces are much

more averse to importing from the U.S. than to exporting there.

4.1 Introduction

Over the past two decades, two major free-trade agreements have been implemented to
enhance the economic integration of North America. Yet the same period of time was
marked by the rise of the border effects literature that has questioned the degree of this
integration — first in North America and then elsewhere. This literature, reviewed in
earlier chapters, reaches a general conclusion that the differences among nations continue
to affect substantially the pattern of trade (a more accurate rendering of McCallum’s
“national borders matter”). Significant differences are invariably found when
international trade intensity is compared with the intensity of internal trade; the
magnitude of these differences ranges between 2 and 50, as shown in the meta-analysis of
the preceding chapter. These differences may be interpreted as representative of the
unexplained factors that cause the merchandise trade across an international border to
deviate from the pattern predicted by the gravity equation. Although the gravity equation
is one of the most frequently and successfully used tools of international economics, there
is no agreement on what causes the border effects and what specification is the most
appropriate to estimate them. This study introduces a model of trade between the regions

that answers some of the unsolved questions in this area and also challenges some of the
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old answers. The purpose of this chapter is, first, to develop a theory-driven model of
regional trade between Canada and the U.S.; second, to estimate the various types of
border effects that arise from it; and third, to employ time-series and econometric
techniques to determine the time path of the border effect in a sixteen-year setting.

Merchandise trade in the model is assumed to be driven by differences in varieties
of produced goods, first explored in Dixit & Stiglitz (1977) and Krugman (1980). This
model is modified in three ways, namely: by introducing the geographical origin of
goods, as in Head & Mayer (2000), by making the model regional rather than national,
and by adding important (heretofore usually omitted) explanatory variables to the model.
The combination of the unique Canadian data on regional trade flows, the geographical
situation of the two trading partners and their many institutional similarities make the
Canada-U.S. border the most promising test of this model.

We now have access to sixteen years of data (1988-2003) on Canada-U.S.
merchandise trade flows which are first analyzed cross-sectionally for compatibility with
earlier results, and then with time series techniques in a panel setting. The time series
panel allows us to control for the effect of additional variables (such as tariffs) that can
not be incorporated in a single-year cross-sectional estimation. The results of this
exercise suggest that a theory-driven model produces a fairly narrow band of estimates
for border effects between Canada and U.S. over this period. These are significantly
lower than suggested by most previous research - between 4 and 7 cross-sectionally for
all years, and between 2 and 6 in a panel éetting. The model estimates are very robust to
the choices of estimation techniques, and all the explanatory variables in the final version

of the regression model are highly significant in explaining regional trade.
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The results obtained with the use of time series panels are of particular interest. A
common finding in the literature is the decline of the border effects through time; in
particular, it was claimed that the Canada-U.S. border effects have declined significantly
after 1988. This result was thought to be due to the phase-out of tariffs following the
adoption of the Canada-U.S. free trade agreement in 1989. We show that this observed
decline in border effects was largely explained by tariff reductions, confirming the
hypothesis of the literature. Furthermore, the influence of even a small tariff on the
border effect estimates is found to be very large - a 3.5% average tariff level in 1988
approximately triples the border effect estimate in that year. However, as tariffs are
usually a known factor, and inflate border effects greatly if not explicitly modeled, we see
no justification for leaving them out of the empirical specification as was done in
previous studies. Our border effects estimates are thus “net” of tariffs, and represent, by
definition, a combination of unexplained or omitted factors. It is in this sense that we
discuss our results throughout this chapter.

When tariffs are modeled and included as explanatory variables along with fixed
time effects and time-border interaction terms, border effects are actually shown to have
persistently increased during the 1988-2003 time period: from 2.2 in 1988 to 5.5 in 2003.
Overall, this result may be viewed as the second part of the warning, the first having been
delivered by McCallum in 1995: not only do border effects exist in a globalising world —
but they may also be increasing. We show that this increase has passed unnoticed by the
earlier studies due to the combination of exclusion of tariffs, misspecification and omitted
variables in the gravity equations used for estimation. Also, previous .studies were not

done in a panel context. We believe that a compensating rise in non-tariff barriers,
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changes in preferences underlying the patterns of trade and the increased security
concerns in the United States may all have contributed to the observed increase in border
effects over the 1988—2003 period.

Further analysis by Canadian region shows that the model yields results broadly
consistent with previous research, notably Anderson & Smith (1999) and Helliwell
(1996, 1998). A significant difference from these studies is discovered when estimating
the border effects by direction of trade: all Canadian provinces and the country as a
whole show a strong border effect for imports, and much lower (for some provinces even
insignificant or positive) border effects for exports. This means that while Canadian
provinces are nearly as willing to export to the U.S. as they are to other Canadian
provinces, they are relatively unwilling to import goods from the U.S., and likely make
up the shortfall by importing from the rest of the world. In particular, an ongoing increase
between 1997 and 2003 in import border effects vs. the U.S. (from 11 to 17) may be due
to the rising importance of the low-labour-cost countries as a source for Canadian
imports. This implies a triangular pattern of trade that can bias the border effect estimates
that are produced across a single border using only trade data for the two countries in
question. The ongoing changeé in trading patterns with other suppliers should be taken
into account — an important observation for further research.

Lastly, the effect of the explicit introduction of the government motivated by its
supposedly discriminatory policies in favour of the domestic suppliers has been
significant in the expected direction. This justifies our conjecture that “buy national”

policies give a relative boost to intranational trade vs. international trade and that the
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involvement of the government in the economy is one of the explanatory factors for the
border effect.

The remainder of tﬁis chapter is organized as follows: in section 4.2, we present a
short review of the directly relevant research and its contributions, with particular stress
on the Canada-U.S. studies and methodologies (a full review of the literature may be
found in chapter 2). In section 4.3, we develop a theoretical regional model of trade in
differentiated goods, incorporating the theoretical critique of Anderson (1979),
Bergstrand (1985), Deardorff (1998) and Anderson and van Wincoop (2001), and derive
a specification that can be estimated by linear regression techniques. Although in many
papers the data section can be relegated to an appendix, for a border effect study the data
sources often play a crucial role. Therefore in section 4.4, we discuss the data
requirements of the model and our solutions to the data issues that arise. Section 4.5
presents the estimation results obtained with several estimation techniques and the
decomposition of border effect by region and direction of trade. Section 4.6 concludes

and draws implications for further research.
4.2 Research into Border Effects as a Measure of Integration

The empirical demonstration of the continued relevance of the international
borders, even those believed to be relatively innocuous such as the Canada-U.S. border,
was first performed by McCallum (1995). His seminal paper on the Canada-U.S. trade

“used the newly available data source unique to Canada: as a highly decentralized

federation, Canada was the only country in the world to collect and publish data on its
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interregional merchandise trade flows. Combining this data with international trade (also
disaggregated by region) allowed fhe border effect to be estimated through the gravity
model by comparing the international trade of Canada to its intranational trade after
correcting for economic size and distance between the regions.

Before the discussion of McCallum’s results, a few notes on the gravity model are
necessary. First and foremost, it expresses an empirical regularity well known to trade
economists, stating that imports of country i from country j (or, more generally, the trade
flows between the two) are directly proportional to the GDPs of these countries and
inversely proportional to the distance between them. Taking logarithms of both sides of
this statement results in a standard log-linear form of the gravity equation, which is
occasionally augmented by several other variables thought to be of empirical importance.
Its empirical success in explaining the majority of trade flows and its robustness in doing
so for various places and periods have led to efforts to legitimize its success by providing
a solid theoretical foundation for thé equation. At present, the gravity equation has been
derived both from models of trade in differentiated goods and the Heckscher-Ohlin factor
endowments model. Recent research into border effects emphasizes that theory must be
taken seriously, and any gravity equation used should be derived from theory. Appendix
A discusses the gravity equation and its derivation in more detail, and points out the
elements that result from a specification’s theoretical origin.

Using the simple empirical gravity equation and specifying a dummy for cross-
border trade, McCallum has shown that after taking size and distance into account, a
Canadian province trades on average twenty-two (22) times more with another province

than with a U.S. state. These findings were met with a mix of curiosity and disbelief;
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while the disbelief subsided as the results were confirmed by follow-up research, the
curiosity has since generated dozens of publications. Wei (1996) showed the existence of
border effects for the OECD countries, and Helliwell (1997, 1998) confirmed and
extended McCallum’s findings. Helliwell’s research also linked McCallum’s results to
other fields. He pointed out in Helliwell (1997) that the phenomenon found by McCallum
is not isolated, and that border effects essentially equivalent to McCallum’s were found
by Engel & Rogers (1996) in their study on price variability, by‘ Feldstein & Horioka
(1980) - for international capital markets; the author’s original research in the same paper
finds border effects in migration. These linkages established the place of border effects in
international trade and led to the current interpretation of the border effects as a proxy for
the unexplained factors in differences between the nations, causing the border between
thern to appear to diminish trade after all known and quantifiable factors are accounted
for by the model.

For the purpose of this chapter, there are three main threads in the current
literature on border effects® that are relevant: assessing the impact of border effects on
welfare, using additional Varjables to explain the border effect, and constructing
theoretical explanations for this phenomenon (preferences- or networks- based).
Although the first approach has yielded some interesting results (generally, border effects
are found to result in relatively small welfare effects), we consider this research question
somewhat premature as well as somewhat vague. It is premature belcause the theoretical
critique levelled at the border effect estimates finds them biased; a better specification is

necessary to estimate their true size (which is the approach advocated by us). It is vague

32 A full treatment of the evolution of this field has been done in detail in Chapter 2 of this thesis.
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because it is not clear how borders can consistently generate welfare losses in market
economies with democratic political systems.

This last point mightirequire an explanation. The national borders created and
maintained by democratic governments (research was mainly done on European and
North American OECD members) can be reasonably assumed to represent the will of
their populations. If these populations are presumed rational, it is not clear why welfare-
reducing borders would not be dismantled by them. Hence, either the borders must create
greater welfare gains in other areas or their welfare effects are not calculated correctly.
The latter is a strong possibility as the border effects represent unknown factors, and the
assumptions about those must necessarily be uncertain. For example, if nationalism is
part of the utility function, welfare losses from trade are more than offset by welfare
gains from living in a nation-state among people with shared norms and culture. This
argument is not meant to introduce ad-hoc factors to invalidate existing welfare
measurement models; the reasoning is that these models must necessarily be omitting
variables because their premise of voluntary welfare losses by rational economic agents is
at odds with the economic theory.”

Our approach, then, is to leave aside the welfare issue and to put the calculation of
the border effects on a more solid theoretical basis by deriving the empirical model from
a theoretical framework. A well-defined theoretical model will permit a more precise

interpretation of the empirical results, in particular the issues of size, direction and

3 On the other hand, the estimates of welfare impact of the borders can prove to have a useful
interpretation. If the economic welfare losses due to the trade-decreasing features of the existing borders
are more than compensated for by the positive welfare effects of their presence (such as nationalism), one
could put a price on nationalism. At the moment when the borders are dispensed with, in such a manner as
is currently ongoing in the European Union, their negative economic welfare effects (which can be
calculated) must equal their positive welfare effects due to nationalism.
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intertemporal behaviour of border effects. Once a generally accepted methodology is
developed for the measurement of border effects, it will open the way for their very
useful interpretation — to assess the true degree of economic integration between the
goods sectors of any two economies. The evolution of border effects through time will
then serve as an indicator of the pace of this integration. It is our hope that this study may
contribute to the development of such generally accepted methodology.

It remains difficult to estimate border effects for countries other than Canada
because of the lack of reliable internal trade data to compare against international trade
flows. Wei (1996) introduced a methodology that measures internal trade as gross
shipments in the goods sectors less merchandise exports, and internal distance as one—.
quarter the distance to the nearest state. This method has been criticized as producing
inconsistent trading distances, and much work has been done since on improving internal
trading distance estimates, for example Leamer (1997), Helliwell & Verdier (2001), Head
& Mayer (2001), Nitsch (2000). In particular, Helliwell & Verdier (2001) argue in favour
of measuring population-weighted internal distances that take into account intra-city,
inter-city and rural population distributions; this study uses their internal distance
estimates. However, there has been no corresponding advance in internal trade flows
statistics for other countries, and as of now, there are few alternatives to Wei’s proxy to
measure internal trade in countries other than Canada.** Such an altemative exists in the
United States, where Hillberry (1998) pioneered the use of the Commodity Flow Survey
(CFS) to produce estimates of internal trade; it is not without its problems. The issues

associated with the use of the CFS data are discussed in the data section.

3 For a detailed discussion of Wei’s proxies and research and critique associated with them, see Chapter 2.
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This variety of methods and geographical locations has produced a series of
border effect estimates varying between 2.6 and 50, depending on the country and time
period in question. There has been a general tendency for the Western European countries
to exhibit smaller border effects that Canada-U.S., and also a tendency for the border
effects to decrease over time (usually explained as the result of increasing economic
integration). A considerable variety of specifications have been developed and a number
of additional explanatory variables such as common language, adjacency etc. have been
introduced to the gravity equation with the hope of explaining the border effect. Facing
this assortment of variations, Anderson and van Wincoop (2001) delivered a strong
message: only gravity equations explicitly derived from international trade theories
should be used to estimate border effects; ad-hoc specifications suffer from omitted
variables and model selection biases. This paper has shown that previous research has
paid only lip service to trade theory, and the gravity equations commonly used did not
include the crucial price variables and remoteness (or multilateral resistance) variables.
Anderson and van Wincoop (2001) started two important trends in the literature: more
emphasis on theory, and consideration of the welfare impact of border effects®.

Most purely theoretical models in this area, however, proved to suffer from
difficulties in deriving a specification that can be estimatéd. Anderson & van Wincoop
(2001), for example, found it necessary to derive a CGE model to obtain a partially
testable equation, requiring assumed values and calibration for the elasticity parameters;
the complexity of that approach and an alternative to it were pointed out by Feenstra
(2002). From this critique stems the importance of the contribution to the field by Head

and Mayer (2000, 2001). These papers significantly simplified the derivation of a linear

3> The contribution of Anderson and van Wincoop (2001) is discussed in more detail in Chapter 2.
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specification from a model of trade in differentiated goods (i.e. under monopolistic
competition). After deriving the final expression of trade flows from exporter to importer
frbm their model, they divide it through by the corresponding expression for trade flows
from importer to itself (i.e. the internal trade of that importer). The reéulting expression is
log-linear in ratios of the main variables of the model, and the remoteness variables
implied by theory (describing the distance of the importer from every other trading
partner) cancel out. This result takes advantage of the property of independence from
irrelevant alternatives of the CES demand function, and leads to a much simpler final
specification that can be fully estimated, and depends only on the ratio ‘of explanatory
variables for the importer and exporter countries.

We follow McCallum (1995) in being curious about border effects, Anderson and
van Wincoop (2001) in taking theory seriously, and Head and Mayer (2000) in making
the decision to take theory seriously an easier one. Our specification is derived frkom the
theory of trade in differentiated goods. We differ from previous research by deriving a
regional (as opposed to national) model of trade and by augmenting it with additional
relevant explanatory variables. These new elements come from innovations incorporated
by other papers and the results of meta-analysis of the literature.’® The results imply that
several variables such as common language, adjacency (both introduced by Wei (1996)),
weighted internal trading distances (due to Helliwell and Verdier (2001)) as well as some
measures of the shared cultural, social and political networks significantly influence the
estimated border effects. The meta-analysis also indicates that papers deriving their
equation from theory find lower border effects. These conclusions influence our approach

to deriving the final specification of the regression model, as shown in the next section,

38 The meta-analysis is contained in Chapter 3 of this thesis.
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where we take advantage of the Canadian regional trade flows data to construct a more

detailed model of international trade in North America than has been attempted before.

4.3 Theoretical Model

The previous Canada-U.S. trade models treated the regions as agents, but by and large
specified their trading relationship ad hoc in a plausible gravity setting. On the other
hand, theoretical models of border effects under monopolistic competition that used the
Head/Mayer simi)liﬁcation have been employed only in the European Union-OECD
setting and so were specified at the national level. To our knowledge, they have not been
used in a regional setting to explain the Canada-U.S. trade. We combine the two
approaches to construct a theory-based regional model of trade in differentiated goods.
Each region is treated as an independent agent, trade flows between the regions include
both intra- and international trade and these are compared to the internal trade within the
regions themselves. This approach permits greater insight into the trading behaviour of
the regions and should lead to a more coherent specification of the gravity equation,
which can address the research question about economic integration between national
economies and among their constituent regions.

We start with the same general specification of preferences as Head & Mayer

(2000) in their national trade model, and we extend that model to regions operating as

independent entities. Let there be K countries, each divided into 7, regions (k € 1...K)

for a total of R = Z v, regions which trade with each other. In all subsequent notation,
k

we shall denote an importing region with 7 and an exporting region with ;.
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4.3.1 Consumers’ Problem

All of the varieties of goods, denoted by v, are differentiated, and each variety is
produced by a different firm. The varieties produced by each region are avssumed to
weigh equally in the utility function. The utility of the representative consumer in region i
is a CES function. This function depends on the quantities of all varieties consumed from
all the exporting regions’’ and consumer preferences a, and is characterized by the

constant elasticity of substitution o :

' (aye,) © (1)

where 7, is the number of varieties produced by an exporter region ;.

Consumption in the region i of all the varieties of goods from region j is

expressed by ¢, . These goods are purchased at the price p, , common for all the varieties
p i p price p;

of region j’s goods imported by region i, and representing the C.LF. price of goods
delivered into region i. Thus the total expenditure of each region on imports from all

regions (including itself) can be expressed as:

i =DMy =D ;D @)
J J

37 These include the region i, and thus the varieties imported from itself.
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where m, can be interpreted as total imports value (including imports from itself)
and the bilateral imports value m, denotes imports from a particular region /.

Maximizing (1) subject to the budget constraint (2), we derive the following

expression for the bilateral imports of region i from regionJ:

o-1 1-o
Q- n;py

m. = m. 3)
i o-1 -0 77712
> a,”'n,p,
>

where a; represents the consumer preferences of region i with respect to the
goods of region j, and n, is the number of varieties produced by region /.

Direct estimation of (3) is difficult because its logged form includes an intractable
remoteness term, which depends on the values that are already in the equation and
furthermore is supposed to contain information on all the possible trading partners. To
obtain a specification that significantly simplifies estimation, we follow Head and Mayer

(2002) in setting j = i in (3), which results in an expression for m, . Dividing the bilateral

flows in (3) by these internal flows m, we obtain the expression:

o-1 1-o
m (a2 (s @
m; a;; Di h;
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4.3.2 Producers’ Problem

On the productioh side, we assume that there are a large number of firms, each
producing a differentiated variety. All firms use the same technology in which labour is
the only input. Following the Dixit and Stiglitz (1977) model of monopolistic
competition, the cost function of a firm in region j is assumed to contain a fixed
component and a unit input coefficient, both multiplied by the wage rate. This cost

function is written as follows:

Cj %wj(F+cqj), . (5)

where ¢ is a unit input coefficient converting output produced into hours worked,
F is a fixed cost (in terms of hours worked) necessary for production, and w, is the wage
rate in region .

Profit maximization implies that marginal revenue is equal to marginal cost.

Recall that ¢ is the implied elasticity of substitution. Thus:
p. =% ©)

where p, is the factory gate price of output in region j, same for each variety

because wage rates are equalized due to perfect labour mobility. Market equilibrium is
obtained from a zero-profit condition. Setting the profit function equal to 0, using (6) and

solving for quantity produced by any firm, we obtain:
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g =D ™

If the total value of production in the region is denoted as v, and the quantity

produced by each firm is g, then:
Vj = qul’l i (8)

The price by depends on the factory gate price p j and the barriers to trade

separating the two trading regions. These barriers include transportation costs and tariffs
on trade between the regions. Following previous research, we use a non-linear function
of distance as a proxy for transportation costs. While transportation costs are defined for
all regional pairs, the tariff barriers are different from zero only if the regions are in
different countries. The effect of tariffs is also allowed to be non-linear as there is some
evidence that the increase in trade costs resulting from a tariff is not linearly proportional

to the tariff size.*® Thus:

0,6
L =(1+T.)%d%p ., 9
Py ( y) iP )

%8 Theoretically, the marginal effect of a tariff may be expected to be inversely proportional to the tariff
size. At low tariff levels, a trader still faces fixed costs of information and compliance with the tariff
schedule. Thus, in the environment of small decreasing tariffs between Canada and the U.S. in the 1988-
1998 period, even marginal tariffs could generate relatively substantial barriers to trade, and thus influence
prices in a non-linear manner. This non-linear relationship between tariffs and trade is consistent with the
observed large expansion in Canada-U.S. trade after the 1989 Free Trade Agreement; this expansion cannot
be easily explained by a linear relationship between tariffs and trade costs because the level of bilateral
tariffs was relatively low when the agreement was signed.
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where dj; is the distance between regions and Tj; are tariff barriers between the

regions in different countries.
4.3.3. Deriving the Specification

We turn now to the more detailed consideration of the preferences term a in the

utility function. Basic consumer preferences consist of a random term &, and a general

preference for domestic goods. This reflects the unknown source of home bias that
translates into the border coefficient of the equation. Preferences are also affected by the
strength of informal networks between the regions: shared norms, trust, customs and
culture. Although difficult to measure, their importance has been stressed in the literature,
most recently in Helliwell (2003). We propose to capture a measure of these family,
cultural and social networks by defining a so-called linguistic affinity between regions i
and j. Sharing a linguistic tradition of a trading partner is assumed to facilitate networks
and connections that form the basis of trade.

The meta-analysis of the literature showed significant adjacency effects. We
incorporate this as an additional measure of network effects — a preferential affinity for
goods from a region sharing a border with the importer. This adjacency effect presumes
that sharing a border leads to sharing some of the neighbour’s networks, norms and
values through common historical and cultural evolution. A region is considered to share

a border with itself.
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Lastly, preferences are also assumed to depend on the common government.
Governments usually adopt and promote “buy domestic” policies, enhancing trade
between the intranational regions. As mentioned above, other unexplained effects in
addition to those specified by the model are captured by the border effects dummy B.
Including these terms results in the following general specification for consumer

preferences:

aij = exp[gl.j -ﬁBl.j -nADJl_j +/1Ll.j + ;/Gl.j], (10)

where B;; = 0 if i and j are in the same country and 1 otherwise

ADJ; =0 if a shared border exists or i = j, and 1 otherwise

M
L= ZL,.,LJ,, where /e 1...M is the number of languages spoken in a region and
I=1

L; and L; are the proportions of speakers of these languages in the region.”

G;=0 if the regions are in different countries and G;*G; otherwise, where G is -
the ratio of the federal government’s expenditures to the total gross domestic product of
that region. Exception is made when i = j; in that case G; denotes the ratio of the total
federal and provincial/state governments’ expenditures in that region to its GDP. The

intuition for this specification is as follows: the provincial/state government induces

% The expression for Lj; is derived as follows. Assume there are N individually owned firms in each region,
owned by N consumers who speak two different languages: n speak language 4 only and (N-n) speak
language B only. Each firm has flat production costs, is a price-taker, and its ability to make a sale is
affected only by the language match between the producer and potential customer. Assume the extreme
situation: a sale is only made if the languages spoken both match. Then, assuming sales are also made to

oneself, the quantity of internal sales will be #°+(N —n)’ and the quantity of external sales
mn, + (N —n)(N —n,), as per the formula above.
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home bias in trade only at the intraregional level, while the federal government creates
home bias both at intraregional and interregional levels**. Thus the internal trade of every
region is subject to maximum government enhancement 1n a federal political system that
exists both in Canada and the United States.*’

Substituting (6), (7) and (8) into (3), taking logs and linearizing, we obtain:

m.. V. d.. P
n| L |=In| - |- (o-1)S1n jf— —oh| L |-
V.

m;; j ii b;

—(0'—1)01n(1+Tl.J.)—(0'—1),BBij —(a—l)nADJl.j +

Ho = DALy ~ L) +(0 = DH(Gy; = Gy +ey, (11)

where ¢ =(0'—1)(8ij —&;;). Estimating this expression for bilateral flows between

regions i and j produces an estimate of border effects as the coefficient on the country
dummy Bj;.

As the specification implies, and following Anderson & Smith (1999) as well as
Helliwell (1998), we estimate this equation for imports and exports separately. This
procedure doubles the number of available observations as well as allows us to
disaggregate border effects into import and export components. Estimates by regions can

also be obtained by estimating a particular region’s trade flows only.

“® Theoretically, the federal and provincial/state governments could have different propensities to induce
home bias out of their spending shares. We assume these to be equal for tractability purposes.

“! The impact of government on trade in context of border effects literature was to date considered only in
Crozet and Trionfetti (2002); however a specification for estimation was not explicitly derived, and
government was introduced into a Head/Mayer type model ad hoc. Our model derives the impact of the
government directly from theory.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



109

We apply this specification to trade flows between U.S. and Canada for 1988-
2003. Cross-sectional regressions cannot incorporate tariffs due to perfect collinearity

with the border dummy and thus tariffs are included only in panel regressions.

4.4 Data

We follow McCallum (1995) and Helliwell (1996, 1997) in restricting the sample
to thirty largest U.S. states, including all those which border on Canada, and ten Canadian
provinces. A detailed summary of the sources and adjustments for trade data is provided

below, after we first describe how all the other data were obtained.

4.4.1 General Data

Regional GDP data at factor cost, both in current and chained dollars, are

. obtained from the Bureau of Economic Analysis and CANSIM. The ratio of current and
constant regional GDPs gives us our best estimate of producer price indices, which are
not available by region; these indices are then adjusted with the aggregate price level for
1988 to produce comparable price series for U.S. and Canadian regions. Distances,
including more accurate internal population-weighted distances as described in Helliwell
and Verdier (2001), were kindly provided by the former and are the same as used in
Helliwell (2003). Aggregate estimates of effective tariff rates on goods for this period
have been kindly provided by Sébastien LaRochelle-Coté ﬁom his Statistics Canada

publication, Tariff Reduction and Employment in Canadian Manufacturing, 1988-1994,
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June 2005. Language data is based on home language questions of the U.S. and Canadian
censuses for the English, Spanish and French languages, and interpolated for intercensal
periods. U.S. government expenditures by region at the federal and state level were
obtained from Consolidated Federal Funds Reports (CFFR) and internal databases kindly
provided by the Bureau of Economic Analysis; comparable Canadian data were obtained

from CANSIM.
4.4.2 Canadian Interprovincial Trade Data

Data on Canadian interprovincial trade flows, first identified by McCallum as
usable in a regional gravity regression, are now available for years 1988 to 2003. The
quality of data is uneven throughout this period. 1988 data are available from the original
source used by McCallum - the matrix of interprovincial goods trade provided in the
occasional Statistics Canada publication, Interprovincial and International Trade Flows
of Goods, 1984-1988, Input-Output Division, Technical Series #49, June 1992. 1989-
1991 data was obtained by us through a special request from Input-Output Division.
These data were characterized as older and less reliable by Statistics Canada than modern
post-1997 estimates. It also cannot be updated or re-estimated due to change of
classifications. Insofar as it remains the only source of data on interprovinéial trade flows
for these years, we must continue to use it; however, concerns about data quality within
this “early” period require that we estimate the 1988-1991 years separately, and treat

comparisons with the results for other periods carefully. Since the results in the next
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section show the data to be largely consistent across the whole period, we later feel
justified in working with estimates for the 1988-2003 panel as a whole.

Data between 1992 and 2003 are publicly available from CANSIM (tables 386-
0001 and 386-0002). Between 1992 and 1996, some of the data is suppressed and was
reconstructed through the use of Statistics Canada catalogue 15-546, Interprovincial and
International  Trade in Canada, 1992-1998, which contains matrices of total
interprovincial trade flows (goods and services together). Goods were separated from
services on the basis of 1997 shares of goods in total regional exports. These shares were
specific both to exporting and importing provinces; this estimation method was found to
be superior to other methodologies considered, such as constant average shares or time-
based shares, as the goods/service ratio in trade was found to be relatively stable for
specific provincial pairs. These reconstructions make 1992-1996 the “middle” data period
Where some concerns over data quality remain due to suppressed values and the use of
SIC classification. In the “late” 1997-2003 period interprovincial trade data are complete,
estimated on NAICS basis and expected to be the best currently available data on the
intranational trade flows. |

All the data described includes intraregional trade flows, i.e. the shipments of

every region to itself that are necessary for estimating the specification.
4.4.3 U.S.-Canada Regional Trade

These data are constructed following the approach of McCallum and Helliwell.

The interprovincial goods trade matrix from the Input-Output Division (see above) also
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contains total exports to the world by province. This is combined with the international
trade flows information (merchandise trade catalogues 65-202 and 65-203 from the
International Trade Division of Statistics Canada, and Strategis Trade Data Online) which
contains all the province-state flows. The latter source is based on customs data, which is
by province of clearance — therefore the final destination of shipments remains more or
less uﬁknown. Therefore, the IT province-state trade is adjusted to match the more
reliable totals from the I-O data.

Some of the shipments data are either too low or unobservable and are not
reported. These missing observations occur only for a select number of small
jurisdictions: Newfoundland and Prince Edward Island on Canadian side, and North.
Dakota, Montana, Arizona and a few other states on the U.S. side. These empty cells are
primarily a zero data problem rather than missing data; following the practice of previous
research, we eliminate the seventeen (17) observations where trade flows are 0 in any
year between 1988 and 2003 for all years (272 observations in all, or less than 2.5% of
the total of 11040). We have estimated variations on this approach: replz;tcing missing
data with zeros, partial elimination of the consistently missing data only, as well as
complete elimination of all Newfoundland and PEI observations. The results vary

somewhat across specifications, but all of our qualitative conclusions remain valid.

4.4.4 U.S. Trade Data

The only U.S. source of data comparable to Canadian intranational trade is the

Commodity Flow Survey (CFS) by the U.S. Census Bureau. It estimates both intrastate
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and interstate shipments of goods by surveying the total shipping activity of domestic
manufacturing, mining, wholesale and selected retail establishments every five years. The
use of the CFS for estimating border effects was pioneered by Hillberry (1998) and has
been used in several papers since, among them Anderson and van Wincoop (2001).

There are important distinctions between merchandise trade data and the
shipments data reported by the CFS. The survey excludes some commodities, a part of
mining and the whole of agriculture. Secondly, shipments destined for international
destinations are still recorded if they are shipped domestically prior to leaving the United
States, and imported shipments are similarly tracked from the port of entry to final
destination. Finally, and most importantly, the survey tracks simply freight shipments,
without claiming that the goods originate at the source. Thus the same product can be
shipped multiple times between extractors, manufacturers, wholesalers, distributors and
retailers. This inflates the value of shipments reported by CFS significantly.

Due to these large differences between trade and shipments data, as well as time

* period requirements (in the relevant time period 1988-2003, only three CFS datasets are
available: 1993, 1997 and 2002), CFS interstate shipments data are not used in this paper.
However, the use of the internal shipments (sent by states to themselves), which are
available in the CFS data, is necessary to estimate intrastate trade flows for the final
specification. Because of the trade inflation problem, an adjustment is necessary to bring
CFS in line with other trade data. Following Helliwell (1997, 1998) and AvW (2001), we
adjust CFS shipments data by the ratio of total U.S. domestic merchandise trade to total
domestic shipments from the CFS. Domestic merchandise trade is estimated by

subtracting merchandise exports from gross output in mostly goods producing sectors
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(agriculture, mining and manufacturing). This methodology produces adjustment factors
of 3025/5846 for CFS 1993, 3550/6944 for CFS 1997 and 3606/8397 for CFS 2002.
Scaling down by these factors, we obtain intrastate trade estimates for thirty U.S. states
for these years.

To derive these estimates for all years, we first construct a measure of gross
output by state (which is not available cherwise). Nationwide ratios of gross output to
GDP by sector (agriculture, mining and manufacturing) are derived for every year, and
then applied to state-specific GDP by sector. Then, considering the ratio of internal
shipments to gross output a stable measure (which is confirmed through the existing CFS
data), we use it to estimate internal shipments for each state for all other years between

1988 and 2003.
4.5 Estimation Results

The specification obtained in section 3 is estimated first in a cross-sectional
manner, separately for evefy year in order to achieve comparability with previous results.
This is followed by aggregate estimation using panel data techniques. Largely due to data

- concerns for some of the earlier years, but also to provide more manageable results, the
panel is initially subdivided into three parts: 1988-1991, 1992-1996, and 1997-2003. We
report the individual cross-sectional results together with the panel results for these time
periods. After presenting these estimates, we then estimate the whole 1988-2003 period
as one panel. This is followed by the estimation of border effects separately by province

to test the size of the border effect for different jurisdictions. Next, we estimate border
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effects for imports and exports separately to account for the fact that the border might
have a different resistance to North-South flows than vice versa. Lastly, we introduce

time effects into the equation and chart the evolution of border effects through time.
4.5.1 Estimation Methods

Gravity equation estimation techniques vary in the literature; Helliwell (1988) and
others find that simple ordinary least squares (OLS) estimates produce very similar
results to those obtained using more advanced econometric methods. This is also
confirmed by our results. After estimating with OLS first (with robust standard errors to
correct for heteroskedasticity in the data), we consider other techniques that may be more
appropriate and compare the results.

We first consider the panel data fixed effects model, using the within estimator,
which is consistent and uﬁbiased. Fixed _effects models generally control for
heterogeneity in the panel which is due to unobservable characteristics of the individual
cases that are omitted from the model and do not vary over time. Introduction of full
fixed effects is equivalent to defining a dummy variable for each case, eliminating all the
between-cases variation from the estimation and keeping only the within-cases variation.
While the fixed effects models are widely used with panel data, its use on our regional
trade data must be accompanied by sofne reservations. There is a great deal of within-
group variation, particularly for smaller trading units, that can only be interpreted as
“noise”; also, the variation with time is not large compared to between-group variation.

Lastly, the use of full fixed effects is not effective in our case, as the border effect
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dummy and several other variables of interest are time-invariant and therefore are
dropped during the transformation. Due to the above considerations, we implement a
reduced fixed-effects model (which specifies a fixed effect for the presence of individual
regions in the trading pair) as an additional specification.

The within estimator serves as a benchmark for the Hausman test which
determines the appropriateness of the randém effects model, which uses the estimator that
is a weighted average of within and between effects. The result of the test shows that the
random effects estimators are inconsistent and therefore the random effects model is not
appropriate in this case.

We next consider the technique of Feasible Generalized Least Squares (FGLS).
Just as the robust OLS, it produces consistent estimates, which will, however, be more
efficient under the assumption of panel heteroskedasticity and thus preferred to the robust
OLS.

To address the problem of heteroskedasticity of unknown form with instrumental
variables, we also use the generalized method of moments (GMM) estimator which
produces efficient estimates in this context.

Generally, all three estimators (robust OLS, FGLS with and without fixed effects,
and GMM) produce very similar results throughout this study; this includes signs of
coefficients, their significance and even their relative magnitude. Cases that exhibit
significant differences from this pattern are discussed in the estimation description below.
Our overall conclusion is that the use of OLS, despite its theoretical limitations, produces
a viable approximation to the results obtained from more advanced techniques, and that

OLS estimates may be relied upon in most cases in the context of our model.
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4.5.2 Static Border Effects in a Regional Model

We present estimation results by periods, with cross-sectional results for border
effects followed by period panel estimates in the same table. Table 4.1 shows the results
for the years 1988-1991. Equations (i) to (iv) present the cross-sectional effects for the
individual years, equation (v) is a robust OLS estimation of the four-year panel, (vi) is a
panel estimation with FGLS, and (vii) is the instrumental variable-GMM method. Under
simple cross-sectional OLS, the border effect dummy takes the value of -1.81 in 1988.
The coefficient sign is negative as expected, since the dummy takes the value of 1 for
cross-border flows. The exponent of the absolute value of the coefficient is the border
effect, which equals 6.1 in 1988. This border effect exhibits little variation over the next
three years, reaching a marginally smaller effect of 5.7 by 1991. All of the border dummy
coefficients are significant at 1%.

Other variables generally behave as expected and exhibit significant coefficients
with theoretically appropriate signs. The coefficients for the relative production variable
are between 0.96 and 0.91, which is close to the theoretically expected value of 1. The
effect of relative prices is negative, varying between -2.4 and -4.6; both relative

production and relative price are significant at 1%.
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Table 4.1 Canada - U.S. Border Effects, 1988-1991

Equations
Year / 1988 1989 1990 1991 OLS FGLS GMM
Method Het.
(i) (i) (ii) (iv) v (vi) (vii)
Border -1.81* -1.73* -1.83* -1.74* -0.67* -0.76* -0.43*
(0.16) (0.14) (0.14) (0.13) 0.12) (0.04) (0.15)
Rel. 0.96* 0.94* 0.91* 0.95% 0.99* 0.97* 1.01*
Production
(0.04) (0.04) (0.04) (0.04) 0.02) (0.01) (0.03)
Rel. Prices -2.39% -2.65% -4.57* -4.55% -1.72* -1.86* -1.32
(0.76) 0.77) (0.92) (0.61) (0.40) (0.14) (0.71)
Government 14.91* 13.17* 9.44* 11.07* 10.98* 10.61* 9.79*
(0.87) (0.88) (0.67) 0.72) (0.37) 0.14) (0.60)
Not Adjacent -0.96* -0.97* -0.86* -0.89* -0.86* -0.73* -0.80*
(0.19) (0.18) (0.19) (0.18) {0.09) (0.03) (0.11)
Distance -0.94* -0.90* -1.02* -1.00* -1.01* -1.01* -1.06*
(0.08) (0.08) (0.08) (0.08) (0.04) (0.01) (0.05)
Tariffs -36.87* -34.38% -44.56*
(2.97) (1.01) (4.12)
Constant 0.22 -0.04 -0.04 0.15 0.02 -0.11* -0.06
(0.21) (0.20) (0.20) (0.21) 0.10) (0.04) (0.13)
Observations 673 673 673 673 2692 2692 2692
R-squared 0.66 0.66 0.63 0.67 - 0.66
Border Effect 6.1 5.6 6.2 5.7 2.0 2.1 1.5

Robust standard errors in parentheses, * denotes significance at 1%
17 observations with 0 observed trade have been deleted

Distance and lack of adjacency both exhibit negative coefficients close to -1, and
are also significant at 1%. Of note is the strong positive impact on trade of the relative
government share. Its coefficient varies between 9 and 14 and is significant at 1%. Note
also that the constant term is not significant in the estimates; this is consistent with the
fact that the specification being estimated does not contain a constant term. It is still
included to avoid bias; however its lack of significance is an encouraging sign.

Linguistic affinity L is the only variable whose inclusion does not result in strong
conclusions one way or the other. The initial specification of L, discussed in the data
section, resulted in non-significant coefficients close to zero. This was thought due to the

lack of interaction between the second languages (French and Spanish) in the regional
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model. With state-to-state trade excluded from estimation, Canadian provinces with
French-language minorities do not interact significantly with U.S. states, whose linguistic
minorities of significant size are Spanish only. The only trading pair out of 673
observations that is likely to pick up the full intended effect of the linguistic affinity
variable is thus Quebec and New Brunswick. An alternative specification for L was
considered, with dummies equal to 1 for regions with linguistic minorities above 10%,
and 0 otherwise. This modification resulted in language actually having a significant
negative effect for some of the years, and insignificant effect for others.

This weak result may be due the two opposite effects of language (and the social
networks and customs it is meant to represent) on trade. On one hand, trade in
differentiated goods is expected to be higher between similar regions; on the other hand,
different languages and customs may lead to a greater degree of differentiation among the
varieties of goods, which may promote trade. This model and most standard models of
monopolistic competition do not allow for the second effect. We incline, however, to a
simpler explanation: the nature of the predominantly English-speaking regions examined
in the model prevents a meaningful evaluation of the effect of this variable. There is
simply not enough variation in the sample to identify the parameter. Better results are to
be expected in an OECD setting. We decide to exclude it from our final épeciﬁcation in
order to avoid additional multicollinearity; it should be noted, however, that including
language in any specification does not affect the estimates for other variables to any
degree, nor their significance.

Table 4.1 also reports estimation results for 1988-1991 as OLS, FGLS with

heteroskedasticity correction and GMM panels as equations (v) to (vii); this setup allows
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us to include the tariffs variable into the equation. As expected, tariffs have a strong
negative impact on trade in all the specifications. The inclusion of tariffs has a large
impact on the border dummies coefficient, but does not greatly affect any other
variables.? The border effect as a result of tariff introduction is reduced from the cross-
sectional estimates of about 6 to 2.0 m OLS, 2.1 in FGLS and 1.5 in GMM.

This result shows that explicitly specifying tariffs as an explanatory variable in
the equation rather than leaving it out as an unexplained component of border effects
reduces the estimated border effect in 1988 roughly from 6 to 2. It is an even more
remarkable result when one considers that the average tariff leQels in this year was at
only about 2.5% for U.S. and 4.5% for Canada, and rapidly declined from there. We deal
with the effect of tariff more extensively in the time series estimation section, but this
basic result remains unchanged. Although some studies, liké Helliwell (1988), have
inferred that the declining tariffs may be responsible for the decrease in border effects,
and others such as Fairfield (2001) have shown that with certain elasticity assumptions
tariffs may be responsible for a large portion of border effects, we present for the first
time an empirical result which states that two-thirds of the border effect is explained by a
rather small tariff level.

‘Table 4.2 presents the results from the 1992-1996 panel. These are very similar to
the earlier period. The year-to-year border effect has declined very slightly, and is
between 5 and 5.8, while all the other variables retain their significance and size.
However, panel estimates in equations (vi) to (viii) show an increase in the border effect

to 3.5-3.8, which is almost double that of the 1988-1991 panel levels.

“2 In fact, the coefficient on relative production in those equations is for all intents and purposes equivalent
to its theoretically expected value of 1.
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Table 4.2. Canada - U.S. Border Effects, 1992-1996

Equations
Year / Method 1992 1993 1994 1995 1996 OLS FGLS | GMM
Het.
(i) (ii) (iii) (iv) ) (vi) (vii) (viii)
Border -1.71* | -1.60* | -1.64* | -1.76* | -1.69* | -1.25*% | -1.34* | -1.27*

0.13) | (0.14) | (0.13) | (0.14) | (0.15) | (0.07) | (0.03) | (0.09)
Rel. Production | 0.93* | 0.91* | 0.88* | 0.88* | 0.86* | 0.90* | 0.91* | 0.91*
©.03) | (0.03) | (0.03) | (0.03) | (0.03) | ©.0) | (0.00) | (0.02)
Rel. Prices -4.02* | -4.20* | -4.78* | -4.95*% | -500* | -3.90% | -4.06* | -4.08*
©0.51) | (0500 | (049 | ©.50) | 0.60) | (0.25) | (0.10) | (0.33)
Government | 10.08% | 8.08* | 6.84* | 8.36* | 7.35* | 7.77* | 7.56* | 7.92*
0.56) | (0.47) | (0.45) | (0.46) | (0.47) | (0.22) | (0.09) | (0.28)
Not Adjacent | -0.84* | -0.76* | -0.66* | -0.53* | -0.66* | -0.68* | -0.52* | -0.67*
018 | (018 | (0.17) | 018 | (.18 | (0.08 | (0.03) | (0.10)

Distance -0.99* | -1.03* | -1.08% | -1.16* | -1.08* | -1.08* | -1.10* | -1.08%
©.07) | (0.08 | (0.07) | (0.07) | (0.08) | (0.03) | (0.01) | (0.04)
Tariffs -41.00% | -39.60* | -39.75*
. @11) | (1.43) | (4.75)
Constant 0.29 0.20 022 | 071* | 039 | 032* | 0.28* | 0.35*
0200 | (0200 | (0.19) | ©.21) | ©0.20) | (0.09) | (0.03) | (0.12)
Observations 673 673 673 673 673 3365 | 3365 | 3365
R-squared 0.69 0.67 0.67 0.67 0.65 0.67
Border Effect 5.5 5.0 5.2 5.8 54 3.5 38 3.6

Robust standard errors in parentheses, * denotes significance at 1%
17 observations with 0 observed trade have been deleted

This result is consistent with the overall evidence, but requires explanation. If the
decline in tariffs was the only new factor in 1992-1996, then the cross-sectional border
effects in equations (i) to (v) should have declined significantly, and the panel effects
correcting for tariffs should have remained constant. But the former remained stable, and
the latter increased. This means that both of these border effects are pushed upwards by
some unobserved factor not included in the model. The most natural explanation would
be that as the tariffs have declined and their contribution to the cross-sectional border
effect decreased, other factors such as non-tariff barriers (NTB) have been increasing in

place of tariffs. Since usable time-series data on NTBs are not available, this must remain

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



122

only a conjecture at the moment; yet it may be another piece of evidence, similar to
McCallum’s original demonstration, that casts doubt upon the picture of smooth

transition from a national to a North American economy for the U.S., and especially for

Canada.
Table 4.3 Canada - U.S. Border Effects, 1997-2003, cross-sectional
Equations ‘

Year 1997 1998 1999 2000 2001 2002 2003

() (i) (tii) (iv) ) (vi) (vii)
Border -1.63* -1.62* -1.62* -1.55% -1.64* -1.61* -1.60*
(0.14) (0.13) 0.13) (0.15) 0.14) (0.13) (0.15)

Rel. Production 0.95* 0.93* 0.98* 0.95* 0.94* 0.92* 0.83*
(0.03) (0.03) (0.03) (0.04) (0.04) (0.03) (0.04)
Rel. Prices -6.93* -5.62* -7.69%* -13.44* -11.55* -10.33* -9.68*
(0.57) (0.44) (0.53) (1.05) (0.99) (0.68) (0.94)

Government 8.03* 7.17* 7.97* 8.27* 6.71% 7.47* 8.32*
(0.48) (0.44) (0.45) (0.59) (0.53) (0.49) (0.69)
Not Adjacent -0.78* -0.75* -0.77* -1.00* -1.05* -1.04* -1.28*
(0.18) (0.18) (0.18) (0.18) (0.18) (0.18) (0.20)
Distance -1.02* -1.00* -0.99* -0.86* -0.83* -0.85% -0.70*
(0.08) (0.08) (0.08) (0.08) (0.08) (0.07) (0.08)

Constant 0.43 0.39 0.57* 0.45 0.40 0.53* 0.26
0.21) (0.20) 0.21) (0.22) 0.22) (0.20) 0.22)

Observations 673 673 673 673 673 673 673
R-squared 0.66 0.66 0.67 0.63 0.61 0.64 0.53

Border Effect 5.1 5.1 5.1 4.7 5.2 5.0 5.0

Robust standard errors in parentheses, * denotes significance at 1%
17 observations with 0 observed trade have been deleted

Cross-sectional border effects remained very stable in thev last period of the
sample, 1997-2003 (Table 4.3), on average equal to 5. Looking back at the whole period,
we can conclude that cross-sectional border effects underwent a small and slow decline
from 6.1 in 1988 to 5.0 in 2003. But is does not mean that border effects remained

unaffected during this period; on the contrary, we are aware of at least two competing
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influences: declining tariffs*® had a downward impact, and unexplained factors had the
opposite effect. The overall picture is not one of sharp decline as claimed in the earlier
literature, but of a prolonged, gradual downward slide which occasionally reverses itself,
as in 1995 and 2001. There are few changes in the behaviour of the other variables; we
may note the decline in the distance coefficient, implying cheaper transportation in the
last year of the sample. We are hesitant to make much of it, espeéially in light of the
recent meta-analysis in Head & Disdier (2006) showing persistently high, stable
transportation elasticities since 1950; we only note with some satisfaction that their
average distance effect estimate of -0.9 is exactly the same average effect that we obtain.
There are some relatively large deviations in coefficients in 2003, the last year of the
sample; the fact that the interprovincial trade data for 2003 is preliminary and recent may

account for a large part of this effect.

3 These have generally reached 0 by 1998, with some exceptions due to NAFTA rules-of-origin
regulations. Some transaction costs involved in avoiding very small tariffs exceed
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Table 4.4 Canada - U.S. Border Effects, 1997-2003, panel

Equations

Method OLS FGLS Het,. GMM

0 (i) (ii})

Border -1.57* -1.55% -1.59*
(0.05) (0.03) (0.07)

Rel. Production 0.90* 0.89* 0.95*
(0.01) (0.01) (0.02)

Rel. Prices -7.67* -7.63* -9.13*
(0.26) (0.13) (0.39)

Government 7.45% 6.98* 8.00*
(0.20) (0.10) (0.27)

Not Adjacent -0.98* -0.84* -0.93*
0.07) (0.03) (0.09)

Distance -0.88* -0.87* -0.90*
(0.03) (0.01) (0.04)

Tariffs -109.03* -95.41* -100.86*

(22.51) (8.92) (22.39)

Constant 0.37* 0.16* 0.51*
(0.08) (0.04) (0.11)

Observations 4711 4711 4711

R-squared 0.61
Border Effect 4.8 4.7 4.9

124

Robust standard errors in parentheses; * denotes significance at 1%
17 observations with 0 observed trade have been deleted

The panel effects for 1997-2003 in Table 4.4 are very similar to Table 4.3
estimates; this is consistent with tariffs declining to 0 early on in this period, and the
stable behaviour of the cross-sectional estimates. Table 4.4 shows that the panel border
effect estimated for these years is close to 5. All the estimation methods give similar
results, all the variables take expected signs and all are significant at 1% level of
confidence.**

The evidence from three sepafate panels allows us to largely discard our previous

concerns about data compatibility. The estimates for all variables are generally in line and

4 The high coefficient on the tariff variable is due to the low initial size of the tariffs, and their decline to 0
shortly thereafter; in effect, it represents the high marginal impact of a near-zero tariff.
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there are no sharp jumps in the cross-sectional estimates. This allows us to pool all the

data for 1988-2003 and estimate it as a sixteen-year panel (Table 4.5).

Table 4.5 Canada - U.S. border effect panels, 1988-2003

Equations

Method OLS FGLS Het. GMM

() (i) (iii)

Border -1.26* -1.29* -1.26*
(0.04) (0.02) (0.05)

Rel. Production 0.38* 0.87* 0.91*
(0.01) (0.00) (0.01)

Rel. Prices -5.14* -5.21%* -5.93*
(0.16) (0.09) (0.23)

Government 7.64* 6.99* 7.94*
(0.14) (0.08) (0.20)

Not Adjacent -0.85* -0.64* -0.81*
(0.05) (0.02) (0.06)

Distance -0.98* -1.00* -1.01*
(0.02) (0.01) (0.03)
Tariffs -36.98* -34.19* -37.51*
(0.99) (0.51) (1.28)

Constant 0.19* -0.00 0.27*
(0.05) (0.03) (0.07)

Observations 10768 10768 10768

R-squared 0.63
Border Effect 3.5 3.6 35

Robust standard errors in parentheses; * denotes significance at 1%
17 observations with 0 observed trade have been deleted

Table 4.5 presents the results of this estimation. The border coefficient is
estimated at -1.3 with all three techniques, and the implied Canada-U.S. border effect is
3.5-3.6 for these sixteen years as a whole. Predictably, all other coefficients are
significant and their values close to those already discussed.

It i1s helpful to summarize the results described so far in this subsection
graphically. Figure 4.1 shows, first, the slow decline of the cross-sectional border effect
estimates from 6 to 5, the three separate FGLS and GMM panels, both showing the

increase in border effects estimates that take tariffs into account, and the overall average
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border effect of 3.6 (exponent of the absolute value of -1.29, the FGLS coefficient) for
the 1988-2003 period. By 1997, with the effect of tariffs gone, the yearly and the panel
estimates converge at 5, but the tariff decrease only accounts for the decline of yearly
effects from 6 to 5, while the rise in the unexplained factors (presumably NTB) is

responsible for the increase in panel estimates from 2 to 5.

Figure 4.1. Cross-Sectional Border Effect Trends, 1988-2003

Border Effect

—e— Yearly Border Effects - GMM Panels
—a—FGLS Panels - g Qverall FGLS Panel

T ¥ T T T T T T 1

1988 1989 1990 19891 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Year

These estimates do not take the influence of time into account, and are primarily
interesting for comparability with previously reported cross-sectional border effects
estimated on a year-to-year basis. The results of direct influence of time on trade and

border effects are reported in the next subsection.
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4.5.3 Evolution of Border Effects with Time, 1988-2003

While the gradual elimination of merchandise trade tariffs following the Canada-
U.S. FTA predictably led to the convergence of the yearly and panel estimates towards
the end of the period at values around 5, it was remarked in the previous subsection that
the panel estimates accounted for the greater portion of this convergence. Thus the
existing tariffs, small though they were, used to account for a major portion of the border
effect. Now their share of the border effect has been replaced by nearly as powerful trade-
restricting effects that are not explained By the model. Possible explanations include non- -
tariff barriers and/or unaccounted-for changes in consumer preferences; these are of
interest for further research.

In this subsection we wish to focus on the time dimension of the model. We are in
possession of an unprecedented sixteen years of cross-sectional time series for Canada-
U.S. trade and its time dynamics are crucial in helping us answer our résearch question.
Once again, we will use OLS, FGLS and GMM, and also a combination of time-fixed
and interaction time effects.

To begin with, we answer a smaller but revealing question: what exactly is the
impact of tariffs on the size of border effect in a time-series context? We address this
question by allowing the border dummy to vary with time (interaction time effects), but
do not introduce fixed time effects in order to obtain results comparable to the earlier
literature. Then we estimate the 1988-2003 panel in FGLS (our preferred estimation

method) with tariffs in the equation, and without. Figure 4.2 presents the results.
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The estimated border effects with and without tariffs are the same at the end of
this time period, as expected, but at the beginning there is a large gap between those
estimates that control for tariffs and those that do not. Tariff inclusion decreases the
border effect from about 12 in 1988 to roughly 4. That is the same factor of two-thirds as

was shown earlier.

Figure 4.2, Tariff Impact on Border Effect Estimates (FGLS)

& Interactive Time Effects with Tariffs

0 Interactive Time Effects w/o Tariffs

6.0

Border Effect

1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Year

We are now in a better position to decompose the effect of changes introduced by
this study compared to the earlier studies of McCallum (1995), Helliwell (1997) and
Helliwell (1998). All three obtained very high border effects in 1988 (between 20 and
22), and the last two found sharply declining border effects after 1988. We explain the
discrepancy between our results and theirs in two stages. First, the specification estimated
here relies on a theoretical derivation of a regional trade model and is producing results

that have direct theoretical interpretation, unlike the empirical versions of the gravity
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equation.*® This discrepancy accounts for the difference between our border effect of 12
for 1988 and the early literature’s approximate consensus at 20. Secondly, tariffs were
not explicitly a part of the gravity equation in the earlier literature. Tariffs can only be
included in panel data estimation, and this fact alone limits the scope and usefulness of
single-year cross-sectional estimates obtained by previous studies. The difference that
tariff inclusion makes, as shown by Figure 4.2, would account for the second part of the
aforementioned discrepancy, reducing the border effect estimate from 12 to 4.

However, this result is derived only for illustration purposes and is not our
preferred answer to the question “what was the true border effect in 19887 The use of
interaction time effects allows the border effect to vary from year to year as a result of
various factors not captured by the model — political and economic climate, random
events etc. These same effects, however, can have a direct influence on the dependent
variable of our specification — the volume of trade. To take these into account, we
estimate the panel with fixed time effects only, interaction time effects only, and then
both together.

The results of this estimation are presented in» Table 4.6. Equation (i) is our
baseline FGLS model seen earlier in Table 4.5 and Figure 4.1, without time effects.
Equation (ii) introduces fixed time effects for each year (save one). These time dummies
(coefficients not reported to save space) have, after the first few years, a strong positive
effect on trade. This means trade was increasing with time iindependently of all the
explanatory variables, either as a result of shocks or through a link with variables not

controlled for by the specification. Once the fixed time effects are controlled for, the

* This includes the fact that our regional model has more explanatory variables as a result of theoretical
derivation, such as prices and government.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



130

average border effect rises from 3.6 to 4.6; the only other change is the halving of the
tariff coefﬂéient from -34 to -16.4

Table 4.6 Border Effects in Time-Series Context, FGLS, 1988-2003

() (i) (i) (iv)
Baseline | Border | Fixed | Border | Interaction | Border Fixed & Border
Effect Time Effect Time Effect | Interaction | Effect
Effects Effects Time
Effects
B -1.29* 3.6 -1.52* 4.6
(0.02) (0.02)
B1988 -1.44 4.2 -0.78 2.2
B1989 -1.56 4.8 -0.88 24
B1990 -1.61 5.0 -1.08 2.9
B1991 -1.62 5.1 -1.14 31
B1992 -1.48 4.4 -1.25 3.5
B1993 -1.36 3.9 -1.30 3.7
B1994 -1.28 3.6 -1.44 4.2
B1995 -1.26 3.5 -1.47 4.3
B1996 -1.37 3.9 -1.55 4.7
B1997 -141 4.1 -1.54 4.7
B1998 ] -1.30 3.7 -1.62 5.1
B1999 -1.26 3.5 -1.63 5.1
B2000 -1.29. 3.6 -1.59 4.9
B2001 -1.13 3.1 -1.76 5.8
B2002 -1.15 3.2 -1.75 5.8
B2003 -1.37 39 -1.71 5.5
Rel. 0.87* 0.87* 0.87* 0.88*
Production
(0.00) (0.00) (0.00) (0.00)
Rel. Prices -5.21%* -5.24* -5.21*% -5.15%
(0.09) (0.09) (0.10) (0.10)
Government 6.99* 7.45* 7.17* 7.51*
(0.08) (0.08) (0.08) (0.08)
Not Adjacent | -0.64* -0.70* -0.65* -0.69*
(0.02) (0.02) (0.02) (0.02)
Distance -1.00* -0.97* -0.99* -0.98*
(0.01) (0.01) (0.01) (0.01)
Tariffs -34.19* -15.70* -27.39* -28.20*
0.51) (0.91) (1.45) (1.45)
Constant -0.00 -0.37* 0.02 -0.58*
(0.03) (0.04) (0.03) (0.05)
Observations 10768 10768 10768 10768

Robust standard errors in parentheses; * denotes significance at 1%
17 observations with 0 observed trade have been deleted

% This is not surprising - because tariffs were decreasing linearly with time, it would be natural for them to
account for a portion of the time effect prior to its explicit introduction.
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Equation (iii) introduces interaction time effects into the baseline model; the
resulting border effects are those shown in Figure 4.2. That equation results in a largely
stable border effect through time, but with ups and downs that mirror the business cycle:
spikes can be clearly seen in 1991, 1997 and 2002-2003. This demonstrates that there are
fixed time effects in the data that need to be accounted for; thus we add fixed time effects
to the interaction effects to obtain equation (iv).

Equation (iv) produces our final preferred estimates for 1988-2003 border
dummies and all other coefficients. It reports a consistent increase in the border effect
between Canada and U.S. from a 2.2 level in 1988 (exponent of 0.78) to 5.5 in 2003
(exponent of 1.71). A significant jump occurs in 2001 (from 4.9 to 5.8), and a slight drop
in 2003 (from 5.8 to 5.5) — except for those, it is a smooth increasing trend. This contrasts
both with the earlier conclusions of the literature about declining border effects, and with
the stable pattern estimated by equation (7ii). Border effects from all four equations of
Table 4.6 are presented in Figure 4.3. Other coefficients are similar to those discussed in
the previous subsection; non-adjacency has a somewhat smaller role in this specification,

but is still negative and significant.
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Figure 4.3. Time Impact on Border Effects Estimates (FGL.S)
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Having decomposed above the transition from the McCallum effect of 22 to the
equation (iii) effect of 4 in 1988, we now must explain this last step between equation
(iii) and equation (iv). The only difference between those is in the inclusion of fixed time
effects in equation (iv). Because the trade data contains a time-dependent pattern (fixed
time effects are, once again, positive and significant after the first few years), accounting
for fixed time effects leaves less trade to be explained by the rest of the model. That in
turn revises the finding of stable border effect to a finding of an increasing effect. In other
words, trade has risen faster than predicted by the gravity equation during this period
(which is consistent with the picture of relative growth in world trade since 1945), but not
because the border effect between Canada and U.S. decreased; it is shown that this effect
has actually increased throughout.

Lastly, we also consider a model with regional fixed effects. As the full fixed-
effects model would eliminate time-invariant variables like distance, adjacency and the

border dummy itself, a reduced model is specified. The presence of a particular region in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



133

the trading pair sets the value of its dummy variable to 1. We introduce fixed effects into
the FGLS estimation as conducted in Table 4.6, and report the results in Table 4.7.
Overall, these results exhibit similar trends and levels to previous estimates. The
coefficient on relative production is markedly lower than the theoretical value of one; the
role of adjacency is greater, while those of distance and government are smaller. The time
path of the border effect estimates is somewhat smoother, but still trending in the same

direction — from 2.4 in 1988 to 4.9 in 2003.
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Table 4.7 Regional and Time Fixed Effects Panel, FGLS, 1988-2003

@ 2) 3 @
Baseline | Border Fixed Border | Interactive | Border Fixed & Border
Effect Time Effect Time Effect | Interactive | Effect
Effects Effects Time
Effects
B -1.23* 34 -1.43* 4.2
(0.04) (0.04)
B1988 -1.34 3.8 -0.89 2.4
B1989 -1.42 4.1 -1.00 2.7
B1990 -1.55 4.7 -1.25 35
B1991 -1.56 4.8 -1.32 3.7
B1992 -1.44 4.2 -1.32 3.7
B1993 -1.37 3.9 -1.34 3.8
B199%4 -1.28 3.6 -1.37 3.9
B1995 -1.26 35 -1.37 3.9
B1996 -1.31 3.7 -1.41 4.1
B1997 -1.30 3.7 -1.40 4.1
B1998 -1.21 3.4 -1.39 4.0
B1999 -1.19 3.3 -1.38 4.0
B2000 -1.19 3.3 -1.39 4.0
B2001 -1.13 3.1 -1.56 4.8
B2002 ~1.15 3.2 -1.55 4.7
B2003 -1.26 3.5 -1.58 4.9
Rel. 0.67* 0.69* 0.67* 0.70*
Production
(0.01) (0.01) (0.01) (0.01)
Rel. Prices -4 .84* -4,75* -4.85* -4.74*
(0.09) (0.09) (0.09) (0.09)
Government 3.10* 3.95%* 3.33* 3.97*
(0.12) (0.12) 0.12) (0.12)
Not Adjacent -1.43* -1.44* -1.44* -1.44*
(0.03) (0.03) (0.03) (0.03)
Distance -0.67* -0.66* -0.66* -0.66*
(0.01) (0.01) (0.01) (0.01)
Tariffs -25.97* -13.46* -19.77* -20.24*
(0.53) . (0.90) (1.33) (1.33)
Constant -0.97* -1.02* -0.92* -1.25%*
(0.05) (0.06) (0.06) (0.07)
Observations 10768 10768 10768 10768

Standard errors in parentheses; * significant at 1%

17 observations with 0 observed trade have been deleted

Year and regional fixed effects are not reported

Baseline specification reported is for New Brunswick — Georgia trading pair which averages regional fixed
effects at 0
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Since fixed effects dummies have to exclude one province and one state, the size
of the border ieffects in this specification greatly depends on the choice of the trading
pair; in effect, presented values are the border effects between the members of the chosen
trading pair. To avoid presenting misleading results, estimation was conducted for such a
trading pair that makes the average of all other fixed effects zero; thus the selection of
New Brunswick and Georgia as the baseline.’

Our conclusion to this subsection is that consistently estimated Canada-U.S.
border effects have been increasing between 1988 and 2003. This fact was obscured in
the earlier research by three factors: the exclusion of tariff data, lack of theoretical
foundation for the specifications used, and lack of time djmension in the data and

estimation procedures.
4.5.4 Border Effects by Province and Direction of Trade

From a general question “how strong is the border effect”, we now turn to the
estimation of the width of this border in different regions and different directions. A
country-wide border effect may not do justice to the behaviour of individual regions;
since a part of our research question is to investigate regional behaviour, we adapt our
specification to this task. We restrict our equation only to observations concerning a
particular province to come up with a set of individual border effects for Canadian

provinces. Because we are looking for cross-sectional border effects, we restrict our

7 The values of the coefficients on the fixed effects themselves (not included to save space) are generally
below 1. Mild positive effects (and thus smaller border effects than average) are shown by the biggest U.S.
states (California, New York, Michigan); larger than average effects occur for Canadian maritime
provinces, the Western provinces have smaller than average effects. The regional breakdown of border
effects is explored more fully in the next subsection.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



136

sample period to 1997-2003 due to the lack of tariff influence in this period. Following
Helliwell (1988), we simplify the model by constraining all our explanatory variables to
be uniform throughout this seven-year period. Thus border effects are allowed to vary by
time and by province; all other variables vary only by province.

The results of this estimation are presented in Table 4.8. To obtain a comparable
benchmark, we estimate this specification for all of Canada first; the results are largely
consistent with Table 4.3, the small differences due to the imposed restrictions.
Provincial effects are then estimated individually in the West-East direction.

The results indicate some variability among the provinces in their border effects,
with most of the provinces below the Canadian average of 5. All of the Canadian West
(British Columbia, Alberta, Saskatchewan, Manitoba) exhibits smaller border effects than
average, with Alberta the smallest at 2.7 in 2003. This is not surprising, as we should
expect lower border effects for commodities, in which the West primarily specializes,
rather than for manufactured goods, as observed by Helliwell (1998). However, Ontario
and New Brunswick alsoi follow this trend, and so does Quebec to a lesser extent. It is in
the three relatively isolated Atlantic provinces, Newfoundland, Nova Scotia, and — to a
lesser extent — Prince Edward Island — where the situation is reversed. The highest border
effects occur consistently in Newfoundland, reaching above 20 in 2003. The relative
isolation of these provinces undoubtedly contributes to higher border effects here, which
significantly exceed those reported in Helliwell (1998), both in relative and absolute
value. As a rule, border effects are flat between 1997 and 2003 for most provinces; but
since the data represents static cross-sectional estimates, the inclusion of time effects

would create an upward border effect trend in most if not all provinces.
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Table 4.8 Border Effects by Province, 1997-2003

Province / 1997 1998 1999 2000 2001 2002 2003
Observations

Canada: 673 | In(Rel.Prod.)=0.91 (70.85) | In(Rel.Prices)=-7.7 (27.98) | In(Gov.)=7.62 (41.38)

Not Adjacent=-0.97 (11.23) | In(Distance)=-0.88 (28.38)

Border -1.60 -1.62 -1.58 -1.53 -1.69 -1.63 -1.63

t-value (11.01) (10.93) (11.32) (10.09) (10.97) (11.31) (9.41)
R-squared 0.65 0.63 0.67 0.6 0.6 0.63 0.5

Border

Effect 5.0 5.1 4.9 4.6 5.4 5.1 5.1

BC: 78 In(Rel.Prod.)=0.94 (29.16) | In(Rel.Prices)=-10.11(21.06) | In(Gov.) = 7.33 (12.18)

Not Adjacent=-0.63 (3.77) In(Distance)=-0.53 (7.98)

Border -1.24 -1.34 -1.28 -1.20 -1.49 -1.49 -1.50

t-value (5.45) (6.05) (6.43) (5.71) (7.43) (7.64) (6.80)
R-squared 0.69 0.69 0.77 0.74 0.77 0.79 0.72

Border

Effect 3.5 3.8 3.6 33 4.4 4.4 4.5

AB. 78 In(Rel.Prod.)=0.74 (15.98) In(Rel.Prices)=-4.9 (12.91) In(Gov.)=2.38 (3.05)

Not Adjacent=-0.41 (1.68) In(Distance)=-0.84 (8.99)

Border -1.10 -1.10 -1.09 -0.87 -0.96 -1.01 -1.01

t-value (3.89) (3.70) (3.89) (2.52) (2.53) (3.17) (2.50)
R-squared 0.67 0.63 0.67 0.44 0.34 0.54 0.27

Border

Effect 3.0 3.0 3.0 24 2.6 2.7 2.7

SK.. 78 In(Rel.Prod.}=0.73 (18.04) | In(Rel.Prices)=-8.68 (10.77) | _ In(Gov.)=2.00 (2.51)

Not Adjacent=-0.84 (3.69) In(Distance)=-1.05 (9.63)

Border -1.27 -1.17 -1.15 -1.11 -1.28 -1.27 -1.28

t-value (4.12) (4.26) (4.15) (3.43) (4.57) (3.74) (4.04)
R-squared 0.67 0.7 0.7 0.57 0.71 0.6 0.63

Border

Effect 3.6 3.2 3.2 3.0 3.6 3.6 3.6

MB: 78 In(Rel.Prod.)=0.80 (25.30) | In(Rel.Prices)=-6.76 (8.00) In(Gov.)=4.49 (6.79)

Not Adjacent=-0.72 (4.95) In(Distance)=-1.03 (14.01)

Border -1.34 -1.40 -1.35 -1.36 -1.47 -1.33 -1.23

t-value (6.12) (6.29) (6.53) (6.09) (6.87) (6.79) (5.92)
R-squared 0.77 0.77 0.8 0.78 0.79 0.8 0.78

Border

Effect 3.8 4.1 3.9 3.9 4.3 3.8 34

ON: 78 In(Rel.Prod.)=0.90 (29.54) | In(Rel.Prices)=-7.95 (13.32) | _ In(Gov.)=5.20 (8.15)

Not Adjacent=-0.71 (6.30) In(Distance)=-0.69 (11.40) -

Border -1.23 -1.18 -1.16 -1.11 -1.31 -1.24 -1.21
t-value (5.06) (5.10) (5.40) (5.18) (6.15) (5.85) (5.08)
R-squared 0.72 0.74 0.8 0.8 0.8 0.8 0.76
Border
Effect 34 33 3.2 3.0 3.7 35 34
| [ (continued)
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Province / 1997 1998 1999 2000 2001 2002 2003
Observations
QC: 78 In(Rel.Prod.)}=0.85 (25.91) | In(Rel.Prices)=-8.44 (10.92) In(Gov.)=7.17 (10.55)
Not Adjacent=-0.83 (6.29) | In(Distance)=-0.73 (10.31)
Border -1.51 -1.47 -1.43 -1.32 -1.50 -1.46 -1.44
t-value (6.10) (5.97) (5.91) (5.28) (6.26) (6.45) (5.80)
R-squared 0.73 0.72 0.73 0.72 0.75 0.77 0.73
Border
Effect 4.5 4.3 4.2 3.7 4.5 4.3 4.2
PE: 70 In(Rel.Prod.)=0.77 (10.93) | In(Rel.Prices)=-11.26 (6.58) In(Gov.)=2.25 (1.99)
Not Adjacent=-0.51 (1.29) In(Distance)=-0.96 (7.76)
Border -2.00 -1.74 -1.74 -1.71 -1.51 -1.67 -1.66
t-value (4.87) (4.34) (3.76) (4.24) (3.74) (4.31) (4.49)
R-squared 0.72 0.73 0.64 0.67 0.67 0.71 0.72
Border
Effect 7.4 5.7 5.7 5.5 4.5 53 5.3
NS. 78 In(Rel.Prod.)=0.98 (16.22) | In(Rel.Prices)=-10.55 (7.18) In(Gov.)=8.69 (7.98)
Not Adjacent=-0.87 (2.75) In(Distance)=-0.91 (8.70)
Border -2.34 -2.46 -2.19 -2.22 -2.62 -2.44 -2.51
t-value (6.40) (6.41) (6.77) (5.89) (6.54) (7.63) (5.92)
R-squared 0.63 0.63 0.7 0.65 0.66 0.71 0.55
Border
Effect 104 11.7 - 8.9 9.2 13.7 11.5 12.3
NB: 78 In(Rel.Prod.)=0.73 (13.07) | In(Rel.Prices)=-5.19 (4.30) In(Gov.)=3.67 (3.71)
No Adjacency=-1.13 (4.43) | In(Distance)=-1.12 (10.89)
Border -1.18 -1.22 -1.22 -1.08 -1.04 -1.18 -1.30
t-value (3.42) (3.63) (3.36) (341 (3.14) (3.50) (3.56)
R-squared 0.66 0.68 0.63 0.65 0.63 0.64 0.61
Border
Effect 33 34 34 2.9 2.8 33 3.7
NF: 69 In(Rel.Prod.)=0.34 (3.85) In(Rel.Prices)=-12.9 (5.84) In(Gov.)=-2.09 (1.56)
No Adjacency=-1.16 (2.52) In(Distance)=-0.74 (3.24)
Border -2.42 -2.27 -2.42 -2.74 -2.81 -2.50 -3.02
t-value 4.21) (3.98) (5.03) (4.61) (5.03) 4.77) (4.87)
R-squared 041 0.41 0.49 0.34 0.41 0.46 0.36
Border
Effect 11.2 9.7 11.2 15.5 16.6 12,2 20.5

t-values in parentheses
17 observations with 0 observed trade have been deleted

Some interesting effects occur in some provinces for variables other than border
effects in this estimation. Non-adjacency is not significant for Alberta, and the effect of
government is much smaller here and in Saskatchewan than elsewhere. Distance is a

smaller factor for British Columbia, Quebec (both home to oceanic ports) and Ontario
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(very large trade in auto parts with Michigan may be a contributing factor). And in
Newfoundland, the coefﬁcient of the government share is negative, though insignificant
(no adequate explanation can be provided at this time).

Next, following Anderson & Smith (1999) who first emphasized that the effect of
the border might depend on the direction of trade, we modify our dataset in order to be
able to take this into account. We break up our dataset into ten province-specific parts,
which allows us to distinguish between individual interprovincial exports and imports in
these datasets. Then we separate our border dummy into two dummies, for example
ABM=1 for interprovincial imports by Aiberta and ABX=1 for interprovincial exports by
Alberta. Further, we define ABXUS=1 for Alberta’s exports to the United States. In this
setting, imports from U.S. are the baseline and every other type of trade is picked up by
its own dummy variable. Therefore, our border for imports is the coefficient on ABM
which directly indicates Alberta’s propensity to import from other provinces over the
U.S., and our border for exports is the difference between the coefficients on ABX and
ABXUS. As usual, estimated border effects are the exponents of the absolute values of |
these estimated coefficients. We present the results of this estimation for the year 1997
and the year 2003 to save space, and yet obtain some idea of the time path of the import
and export border effects for the provinces. -

Table 4.9 shows the results of this exercise. It first confirms what we already
know: in a year-to-year setting, border effect for Canada remained stable at around 5
between 1997 and 2003. But the surprising result is that in 1997 the border effect for
imports was 10.9, five times the effect for exports (2.2); perhaps equally surprising is the

growth of that difference to an order of magnitude by 2003 (16.8 for imports vs. 1.5 for
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exports, but resulting in the same average effect of 5). Put simply, this tells us that
Canada as a whole has little aversion with regards to exporting to the United States, and
has become more willing to do so between 1997 and 2003, to the degree that
interprovincial exports are only 50% more attractive than exports to the U.S. But it is on
the import side that the border effects truly matter: Canada is relatively very unwilling to
import from the United States. A Canadian province was 10.9 times more likely to import
from another province than from the U.S. in 1997, and this aversion has grown to 16.8 by
2003. It is no eXaggeration to say that at present, nearly the whole border effect between

the two countries is due to the import effect on the Canadian side.
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Table 4.9 Border Coefficients for Exports and Imports, 1997 and 2003

1997 Border for |  Border for

Province Border R-squared Exports Imports R-squared
British Columbia -1.24 (5.5) 0.69 -0.28 (7.8) -2.18 (7.4) 0.75
Alberta -1.10 (3.9) 0.67 -1.20 (9.0) -1.85(5.1) 0.71
Saskatchewan -1.27 (4.1) 0.67 -0.90 (8.7) -1.92 (4.5) 0.70
Manitoba -1.34 (6.1) 0.77 -0.87 (6.9) -1.80 (6.1) 0.80
Ontario -1.23 (5.1) 0.72 -0.96 (4.7) -1.5 (4.6) 0.76
Quebec -1.51 (6.1) 0.73 -1.01 (6.2) -1.9(5.7) 0.77
Prince Edward 1. -2.00 (4.9) 0.72 -0.69 (2.6) -3.37 (5.8) 0.74
Nova Scotia -2.34(6.4). 0.63 -1.00 (5.0) -3.73(71.4) 0.67
New Brunswick -1.18 (3.4) 0.66 -0.62 (1.8) -1.73 (3.5) 0.66
Newfoundland -2.42 (4.2) 0.41 0.36 (5.4) -5.00 (6.7) 0.53
Canada -1.60 (11.0) 0.65 -0.80 (5.2) -2.39 (15.3) 0.65
Implied Border
Effect, Canada 5.0 2.2 10.9

2003 Border for Border for

Province Border R-squared Exports Imports R-squared
British Columbia -1.50 (6.8) 0.72 -0.30 (10.1) -2.69 (9.3) 0.77
Alberta -1.01 (2.5) 0.27 -0.64 (9.7) -2.03 (5.0) 0.66
Saskatchewan -1.28 (4.0) 0.63 -0.75 (9.4) -1.98 (5.2) 0.74
Manitoba -1.23 (5.9) 0.78 -0.46 (7.3) -2.01 (7.0) 0.80"
Ontario -1.21(5.1) 0.76 -0.41 (6.3) -2.03(6.3) 0.79
Quebec -1.44 (5.8) 0.73 -0.46 (7.6) -2.36 (7.11) 0.78
Prince Edward 1. -1.66 (4.5) 0.72 -0.07 (2.9) -3.41(6.7) 0.75
Nova Scotia -2.51 (5.9) 0.55 -0.49 (8.0) -4.58 (9.1) 0.71
New Brunswick -1.30 (3.6) 0.61 -0.27 (3.3) -2.31 (4.6) 0.64
Newfoundland -3.02 (4.9) 0.36 0.16 (8.0) -5.82 (7.4) 0.52
Canada -1.63 (9.4) 0.50 -0.42 (2.5) -2.82 (16.7) 0.59
Implied Border
Effect, Canada 5.1 1.5 16.8

t-values in parentheses
17 observations with 0 observed trade have been deleted

Provincial results confirm and extend these findings. Newfoundland is unique
among Canadian provinces in that it prefers exporting to the U.S. than to other Canadian
provinces; however its extreme unwillingness to import from the U.S. makes its average
border effect the largest among the provinces. Other export-friendly provinces include
Prince Edward Island, British Columbia and New Brunswick — but the rest are not very

far behind, either. Aside from the Atlantic provinces, there is a remarkable uniformity of
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border dummy coefficients across other provinces: roughly -0.5 for exports and between
2 and 2.6 for imports; this translates into 1.6 export effect and 7 to 13 import effect.

What could be the explanation for such a strong result? Let us look at the overall

Table 4.10 Aggregates of Canadian Merchandise Trade, 1997-2003

Canadian Total Exports to U.S. 243,888 269,909 308,076 359,289 351,751 345,366 326,700
% growth since 1997 - 11% 26% 47% 44% 42% 34%
Canadian Total Imports from U.S. 184,414 203,578 215,575 229,660 218,290 218,497 203,803
% growth since 1997 - 10% 17% 25% 18% 18% 11%
Canadian Total Imports from China 6,341 7,651 8,951 11,294 12,724 16,004 18,581
% growth since 1997 - 21% 41% 78% 101% 152% 193%
Canadian Total Imports from Mexicc 7,022 7,682 9,536 12,060 12,123 12,744 12,190
% growth since 1997 - 9% 36% 72% 73% 81% 74%
Canadian Total Imports from Korea 2,838 3,312 3,572 5,282 4,605 4,865 5,108
% growth since 1997 - 17% 26% 86% 62% 1% - 80%
Canadian Interprovincial Trade 1,011,079 1,046,572 1,138,020 1,293,130 1,288,630 1,307,980 1,321,708
% growth since 1997 - 4% 13% 28% 27% 29% 31%

Canadian merchandise trade data between 1997 and 2003 (Table 4.10). We see that both
the Canadian interprovincial trade and Canadian exports to the U.S. have grown roughly
by a third during this time period, though exports to the U.S. have grown a little faster.
Meanwhile, Canadian imports from the U.S. have grown only by 10%. Lastly, Canadian
imports from its major “low-cost labour” trading partners have grown much faster —
almost doubled for Mexico and South Korea, anci tripled for China. At this aggregate
level, the conclusions of Table 4.9 seem much more believable. Canadian exports to U.S.
are growing faster than Canadian interprovincial trade, slightly decreasing the observed
border effect for exports. Imports from U.S. are growing much slower than inteprovincial

trade, thus increasing the observed border effect; and the shortfall in imports is
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increasingly being made up by import substitution from the developing economies such
as China, Mexico and South Korea.

This raises a question about the border effects methodology employed. While in
1997 the effects of this import substitutiqn were negligible, they were no longer such in
2003. A growth in attractiveness of imports from China (whether due to preferences,
prices or other effects) must necessarily reduce the imports from the United States; but it
is questionable whether translating this substitution effect into a higher border effect, as -
the current approach does, is entirely legitimate. A more proper assessment of the border
effect would seem to be the comparison of Canadian imports from the United States to all
Canadian trade, including imports from other major trading partners. Thus, while the
Head/Mayer simplification in our model obviates the need for remoteness variables in the
specification, a more éxtended specification might be necessary to produce an unbiased
estimate of the border effect between the two countries. We believe that further research
in this direction will produce an even better measure of integration as represented by the
border effect.

Although the above point is believed to be the major reason for the drastic
difference between import and export border effects, the quality of data could certainly
contribute somewhat. The extremely high resistance of the three Atlantic provinces
(Newfoundland, Nova Scotia and Prince Edward Island) to imports from the U.S. may
indicate that the goods they irﬁi)ort are wrongly attributed to the provinces through which
they arrive, and not to their true origin in the United States. This effect is unlikely to be
crucial as the elimination of these provinces does not change the main conclusions, but

better data on the origin of goods could certainly help to correct this bias.
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4.6 Conclusions and Further Research

This paper has developed a regional model of trade in differentiated goods and
applied it to the largest set of data ever used to estimate Canada-U.S. border effects.
Taking advantage of this dataset, we are able to introduce several theoretically important
variables overlooked in previous research, and estimate our specification with the use of
time-series techniques. The model is robust and applicable to any set of regional data in
the world; it bypasses the need for remoteness measures using the Head & Mayer
simplification, and is the first theory-derived regional model to estimate Canada-U.S.
border effects with the use of this technique.

We reach several interesting conclusions in the process. First, border effects
between Canada and U.S. estimated from this regional model are much lower than
‘suggested by previous research. Our preferred estimates show that border effects range
between 2.2 in 1988 and 5.5 in 2003. We explain this result by our inclusion of tariffs
into the estimated specification and the solid theoretical foundation that we have
developed. Second, the time dynamics of the border effects seem to be very different
from those previously described in the literature. By introducing fixed and interactive
time effects, we show that insofar as border effects stand for the unexplained trade-
reducing power of the Canada-U.S. border, they have grown significantly between 1988
and 2003. Third, we find that the shares of the national and regional governments in the
regional economies of North America have a significant impact on the estimated border
effects, and thus governments should be included as one of the explanatory factors in all

future studies. Finally, we find that the overall Canada-U.S. border effect is largely
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import-driven, in the sense that Canadian provinces are quite willing to export to the
U.S., but averse to importing from there. The resulting shortfall in imports is made up by
importing from third countries. This is a strong demonstration of the fact that the border
effects are not the same in the two directions, and should be estimated separately by
future studies.

The above findings offer significant opportunities for further research, both into
producing better estimates of border effects, and into interpreting these values. The
effects of language as a proxy for social and cultural networks have not been made clear,
which is due in our opinion to the largely monolingual environment of North America. A
similar regional model might do better in Europe or elsewhere, pointing the way for
better modeling of languages and networks that have an influence on cross-border trade.
Also, variables other than language that proxy these networks well can add explanatory
power and improve the specification.

The estimation procedure itself can crucially benefit from more and better data. A
reliable intertemporal set of data on non-tariff barriers may be a key explanatory factor
for the current border effects; it may indicate that the recent trade disputes between
Canada and the U.S. are responsible for part of the increase in the border effect between
the two countries. As there is a large increase in 2001 in our preferred estimates, it is
hypothesized that the effect of the recent security measures imposed by the United States
may also be partially responsible for the rising border effects in recent years.*®

Measures of gross output by U.S. state, currently under development at the

Bureau of Economic Analysis, can help produce more precise estimates. Inclusion of the

8 Heightened scrutiny of immigration, tourism and trade may raise the cost of trade and discourage the
formation of international trading networks.
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United States Consumer Flow Survey data may be an interesting extension to the model,
although time-series exercises will not be available in that case.

Finally, while many changes have been made to the original McCallum (1995)
methodology, its basic spirit remained intact until now. The core border effects
methodology compares trade flows with a foreign country vis-a-vis internal trade
benchmarks. We have shown above that this approach can be influenced by changes in
the patterns of trade with third countries, and that it would be more proper to derive a
single average border effect that takes into account trade with all major trading partners,
with subsequent differentiation of this border effect into pairs of country-specific bilateral

resistances to imports and exports.
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Conclusion

This thesis re-evaluates the research conducted in the area of border effects and combines
theory and econometrics to obtain consistent estimates of these effects between Canada
and the United States. Typical gravity models used previously are not well grounded in
theory and generate biased results. They leave out crucial price and tariff variables,
eschew panel data techniques that isolate the effects of time and heterogeneity, and thus
lead to inflated (and otherwise distorted) border effect estimates. Our meta-analysis of the
literature determines which variables and methods used in conducting the studies
influence the resulting estimates. Preceded and informed by a chronological survey, it
features an enhanced variable selection process and leads to a better meta-analytic
specification. We confirm that border effects are statistically and economically
significant and show that their size can be explained by the methodology of the study.
Based in part dn these results, we derive a model of regional trade in
differentiated goods which produces an effective specification for estimating border
effects between Canada and U.S. This includes relative production, relative prices,
relative distances, government, adjacency and tariffs. Our specification produces
estimates superior to most previous research in a manner consistent with trade theory.
The resulting cross-sectional border effects between Canada and the U.S. range between

5 and 6, much lower than previous estimates.*’

*° This is not only smaller than McCallum’s and Helliwell’s estimates, but also significantly smaller than
the Anderson and van Wincoop (2001) conclusion. As pointed out in Feenstra (2002), the AvW estimate of
the ratio of adjusted intra-Canadian trade to cross-border trade is 10.5, which is the proper statistic for
comparison with other studies. :

147
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However, simple cross-sectional results such as obtained almost exclusively by
the literature can not include the tariffs as an explanatory variable and ignore the effects
of time on trade and borders. We construct and estimate a 1988-2003 panel that allows us
to include tariffs among explanatory variables and to use time-series techniques to refine
the estimates and plot their time path. Our results show that, contrary to common belief,
border effects between Canada and the U.S. have increased roughly from 2 to 5 within
the 1988-2003 period; rising non-tariff barriers and changes in patterns of trade may have
been responsible. Taking into account regional fixed effects does not influence this
conclusion significantly. Two-thirds of McCallum’s (1995) original border effect
estimate for 1988 is shown to have been due to tariffs, proving the conjecture in the
literature that small border costs can generate large border effects. Another new finding is
that these results are dominated by the import effect, implying that Canadian provinces
are mu.ch more averse to imports from U.S. than the U.S. states are to imports from
Canada. Our preferred explanation for this result is the change in aggregate trading
patterns with third countries that has taken place between 1997 and 2003. We conclude
that tracking trade with all of the country’s major trading partners is essential for better
border effect estimates in further research.

Overall, McCallum’s basic finding that national borders matter remains in force,
with some qualifications. First, the power of the borders themselves is of course illusory;
in reality, it is the very existence of nations and all their policies that is restricting trade.
International trade is generally restricted by two types of factors: consumer preferences
for domestic goods and higher costs of international trade as opposed to internal trade.

These two are due in turn to several variables, which can be incorporated theoretically
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and used to explain border effects in the manner shown in Chapter 4. On the basis of
findings of this thesis and the previous literature, we believe that a full explanation for
border effects is to be sought along this path.

Second, as we reason that the borders are created and maintained by the
enlightened self-interest of rational populations, the question of measuring their welfare
effects seems to be associated with difficulties. In other words, if borders were welfare-
decreasing on aggregate, they would disappear already — as they are slowly disappearing
in Europe. Third, we point out that border effects are much smaller than previously
believed, but the truly surprising fact is that they have been growing in the recent years.
Even though the overall progress of the world economy towards globalization is
undeniable, this progress may not proceed in a straight line, and should not be taken for
granted. Local reversals of this global trend may and will happen. Whether our findings
are the premonition of a break in the continuously increasing trend of global trade growth

since 1945, or a temporary phenomenon, only time can tell.
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Appendix A
The Gravity Equation:

From History to Practice to Theory

The gravity equation is a widely used specification for econometric analysis of various
flows between countries/regions. In international trade, gravity equations typically
analyze merchandise trade flows between two or more countries. In this setting, they are
distinguished for being highly effective in explaining variation in trade data and for their
robustness in doing so.

The original idea behind the equation is due to Newton’s gravity law, which
proposed that the force of attraction Between two objects i and j, Fij, is directly
proportional to their masses, Mi and Aj, and inversely proportional to the squared

distance Dij between them:

Ml.Mj
F.=G > (1)

i

with G being a gravitational constant.

With a slight change in notation, this specification was first applied,
independently, by Tinbergen (1962) and Poyhonen (1963) to the analysis of trade flows
between nations. Since that time, it has become a very popular method for explaining
variation in bilateral trade.

The empirical gravity equation has been specified in many different ways in the

literature. In  its  simplest form it is expressed as  follows:
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tJ
=4 , 2
D )

where i and j are the two trading partners, Xj; is the flow of trade between them
(sometimes the sum of exports and imports, and sometimes a flow in one direction), Y;
and Y; - trading partners’ “economic masses”, usually specified as GDPs, D; — the
“economic distance” between them, defined as the cost of transporting traded goods
between the partners, and usually specified as the distance between their most important
cities, and A4 is a vector of other variables that may influence trade flows further through
their linking or dividing effect on the two trading partners.

Theoretically, all of the variables in the above equation could be free to take
various powers; note that in the ofiginal Newton’s Law, distance takes the power of two.
In practice, through experience with gravity equation, the consensus in the literature is
that the best fit is achieved under (2), where both GDPs and distances carry the power of
one.

Thus the simplest gravity specification in international trade that can be estimated
is the logged form of (2) with small letters representing the natural logs of the variables

above:
xijzﬁo+ﬂ1y1'+ﬂzyj_,33dij+ﬂ4a+g’ ®)

Both (2) and (3) imply that trade is expected to grow with the economic size of
the partners and decrease with distance between them. The typical gravity equation may
include several other variables in the a vector, such as estimates of alternative trading
opportunities, squared distance or GDP terms, and various dummies for common

language, trading bloc etc. One commonly used specification includes population as an
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additional measure of the country’s economic size; this specification is typically referred
to as augmented gravity equation (although the term augmented may also be used for any
equation incorporating additional variables).

Overall, this simple equation is one of the most successful empirical
specifications in international economics; the gravity model is robust and powerful,
routinely explaining 80% and more variation in trade between countries. Besides
international trade, gravitational attraction was successfully used to explain migration,
tourism, foreign investment and other interactions between countries and regions.

Concerns were raised in the economic literature that the intuitive appeal of the
gravity equation and its shorthand representation of the forces of supply and demand
bypass formal economic theory. These concerns were first addressed by Andersqn (1979)
who derived the gravity equation formally from expenditure share equations with
commodities distinguished by place of production.

This derivation goes as follows. Anderson assumes identical homothetic
preferences across countries which produce commodities differentiated by place of
origin. In the simplest possible case, each country is completely specialized, i.e. produces
one good only. Due to simple Cobb-Douglas preferences everywhere, the fraction of
income spent on the product of country i is identical in all countries, and denoted b;.
Choosing units so that prices are equal to unity, it can be stated that the value of imports
of good i by country j is:

M, =bY, 4)

itjo
where Y; is income in country j. Meanwhile, the income of country i must equal its sales:

¥, = bi(%Y) €)
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Substituting for b; from (5) into (4), we obtain:

YY,

M, =" (6)
Tz,

This is the simplest form of gravity equation without tariffs or transport costs. In a
pure cross-section estimate, the denominator is simply an irrelevant scale term; thus (6)
simply states that imports are directly proportional to the GDPs of the importer and
exporter.

The subsequent introduction of the non-traded goods sector, many goods and

transportation costs result in the following form of the theory-implied gravity equatibn:

_mergY, |1 {z LA }U ™

TTERY, 76| Ee, 1)

where m; is the scale factor, ¢, and ¢, are expenditure shares on traded goods, f{d)

is the specification of transportation costs as an increasing ﬁJnction of distance and the
same across commodities, and Uy is a log-normal disturbance with an expectation of 0.
This formulation is considered by the author to be the best case one can make
theoretically for the gravity equation as it is usually estimated empirically. There are still
three significant differences between the latter and what (7) implies: (7) is an aggregate
equation, and not commodity-specific; f{d;) is not necessarily log-linear; and finally, the
term in square brackets is missing from the usual formulation of the gravity equation.
These are the remoteness terms that denote the relative distance between the importer and
all of his trading partners; their importance is underscored in further research, in

particular Anderson and van Wincoop (2001).
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The specification developed in chapter 4 takes into account the points made
above. It is an aggregate and not a commodity-specific model that we estimate.
Experiments with different distance specifications indicate that the best explanatory
power is achieved when distance is included log-linearly without powers. Finally, the
need for remoteness terms is obviated in our specification by dividing trade flows
through by internal trade flows.

Bergstrand (1985) presents a general equilibrium model of world trade with N
countries, assuming one factor of production in each. A gravity equation arises from this
system after a few simplifying assumptions. Assuming small open economies and
identical utility and production functions, his set of equilibrium equations can be

simplified to:

PXij — Yi(ﬂ—l)/(}’ﬂf)Y;7+1)/(7+0')CI;G(}’H)/(7+0)]:'170(7+1)/(7+O')E;(7+1)/(}’+0') %

*(Zv P”l:r}’)—(0'~1)(7—77)/(1+7)(7+¢7) (Zva'Ilqu )(7’+l)(0—/1)/(1—0)(7+0) *

14y 1+ A1+ 1+ FE-DKy+0) =6 \(-) (1= 1- ]“(7“)/(7*0')
*[(Z'Ek 7Y 4 p n] [(Z"P'kj NGERK )+ijﬂ ,

®)

where PXj; is the value of trade flow of good X at price P from i to j, Y are
expenditures, 4 is the constant elasticity of substitution (CES) between domestic and
importable goods for all countries, o is the CES among importable goods in all countries,.
n 1s the constant elasticity of transformation (CET) between home and foreign
production, y is the CET for production among export markets, Py; is the k-currency price

of k’s product sold in j’s market, P’y; = Py T3C/Ey;, Ty is j’s tariff rate on &’s product plus
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unity, Cy; is the transport cost factor to ship £’s product to j, and Ej; is the spot value of j’s
currency in terms of k’s currency, 2’ is the summation over k = /, ..., N excluding i, 2"’
is the summation over k = /, ..., N excluding ;.

This “generalized” gravity equation can be transformed further into a more
simplified form, similar to that used empirically, if four additional assumptions are made.
These are: perfect substitutability of goods, perfect arbitrage, zero tariffs and zero
transport costs. The resulting equation is:

PX; = (1/2)Y;y" 9)

Overall, the generalized version (8) is considered more appropriate than (3) due to
the restrictiveness of the four additional assumptions that lead to (9). The main point
made by Bergstrand is that a gravity equation similar to (3) can be derived from his
model, but if the aggregate trade flows are differentiated by place of origin, then (3)
misspecifies the gravity equation by omitting, in particular, certain price variables. Qur
specification in chapter 4 takes these price variables into account.

Lastly, let us examine the contribution of Deardorff (1998) which derives the
gravity equation from the Heckscher-Ohlin model under two differing sets of
assumptions. First, under frictionless trade and homogeneous products, producers and
consumers are perfectly indifferent between trading partners and choose them by random
allocation. In this case, expected trade flows will correspond exactly to the gravity
equation (6) if preferences are identical and homothetic, through a chain of reasoning
similar to Anderson (1979). Under arbitrary preferences, it is still possible to get a similar
result as long as exporter production shares and importer consumptions shares are not

correlated. In essence, the gravity equation (6) then describes the average state of affairs
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in this market; if one country tends to “overproduce” the good that another country
- “overconsumes”, then the gravity equation will underpredict trade, and vice versa.

Of more interest are the results in the case of impeded trade. Strictly positive
barriers to trade, such as transportation costs, are defined for every good. Also, and
crucially, every country produces different goods, implying full specialization as defined
within the Heckscher-Ohlin model. Due to positive barriers to trade, no countries that
achieve factor price equalization (FPE) can actually trade with each other, because their
f.o.b. output prices are the same. This leads in turn to the conclusion that only one
country will export any particular good to the world markets, taken further by the
assumption that this good will only be produced in that one country. These goods are
considered imperfect substitutes, and transportation costs are assumed to be of “iceberg”
form, with a fraction of the good shipped between countries “melting” in transit.

Under identical Cobb-Douglas preferences, consumers in each country will spend
a fixed share, £, of their income on goods from country i. Country’s i income Y; is:

Yi=pxi = % BiY; = BiY", (10)

where ¥ is world production. Hence f; = Y/Y,,. If trade is valued on f.o.b. basis -
that is, exclusive of transport costs #;, it can be expressed as:

Ty‘fOb - Tvijci /tlj — L,
tin

3y

,
which is a familiar fofm of the basic gravity equation, inclusive of distance
insofar as transportation costs are a simple function of distance.
Finally, assuming CES preferences instead of Cobb-Douglas, let consumers in

country j maximize their CES utility function:
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| o1\od
U’ =(Ziﬂicg. o ) , (12)
where 0>0 is the constant elasticity of substitution between any pair of countries’
products. Maximizing this under c.i.f. prices of #;p;, j°s consumers constrained by Y; =
pjx; will obtain the optimal consumption c;; as:

-

1 ;P ’

¢ =+ n@(gj , (13)
ijpi pj

where pj = (T, p; )" represents the CES price index in country ;.

Hence, the f.0.b. value of exports of country i to country j is:

1-o
1 t.‘p4 ’
Job jili
T; -—nﬁ(?} (14)

tij J

Defining 6; as country’s i share of world income, relating it to £; and solving

yields the final version of the gravity equation under CES in H-O model:

: I-o
i

iy YW t t 1-o
¥ i
o[ %)

h

; (15)

which is a familiar result: trade is proportional to partners’ incomes, inversely
proportional to transportation costs that are a function of distance, and is affected by the

remoteness variables that describe its relative distance to its trading partners.
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Appendix B

Meta-Analysis Data

1 1995 McCatlum National borders matter. 1 1
2 2003 AW Gravity with Gravitas... AER 1 1
3 2003 AWV Gravity with Gravitas... AER 1 1
4 1999 AS Do National borders... RIE 1 0
5 1999 AS Canadian Provinces... CJE 1 0
6 2003 Brown Overcoming Distance... StCan 1 0
7 2004 Brown Overcoming Distance... StCan 1 0
8 2004 De Sousa & Disdier Trade, border... Book 1 0
9 2001 Fairfield Canada-US borders.... 0 0
10 2000 HM Non-Europe... RWE 1 0
11 2001 HM Effet frontiere... CEPII 0.5 0
12 2002 HM lllusory border effects... CEPII 0.5 0
13 1996 Helliwell Quebec CJE 1 0
14 1997 Helliwell National borders, trade... NBER 0.5 0
15 1997 Helliwell National borders - Migration NBER 0.5 0
16 2001 Helliwell Measuring Intemal... CJE 1 0
17 2003 Helliwell Border Effects... 0 0
18 1998 Hillberry Regional Trade... JBS 1 0
19 2003 HH Intra-National ... REaS 1 1
20 2002 Hillberry Aggregation Bias... CJE 1 0
21 2000 Nitsch National Borders... CJE 1 0
22 1996 Wei Intra-National versus... NBER 0.5 0
23 2000 Wolf Intranational Home Bias... REaS 1 1
24 2002 Feenstra Consistent methods... SJPE 1 0
25 2003 Evans The economic significance... AER 1 1
26 2002 Crozet Effets-frontieres... El 1 0
27 2003 Fidrmuc Disintegration and trade RIE 1 0
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1 1 0 1 1 1988 683 10
2 1 0 1 1 1993 679 8
3 1 0 1 1 1993 679 8
4 1 0 1 1 1990 110 7
5 1 0 1 1 1988 334 3
6 1 0 1 1 1993 | 22242 1
7 1 0 1 1 1993 | 22242 1
8 0 0 0 4 1997 3354 4
9 1 0 1 1 1990 475 4
10 0 1 0 3 1991 7736 6
11 0 1 0 3 1994 9174 1
12 0 1 0 3 1994 7213 6
13 1 0 1 3 1989 2034 3
14 1 1 0 5 1990 2325 8
15 1 0 1 1 1991 100 4
16 1 0 1 1 1993 687 3
17 1 0 1 1 1993 679 1
18 1 0 1 1 1993 2590 7
19 1 0 0 1 1997 2304 6
20 1 0 1 1 1993 2590 2
21 0 1 0 12 1985 972 4
22 1 1 0 13 1988 1444 9
23 1 0 0 1 1993 2137 14
24 1 0 1 1 1993 1511 4
25 1 1 0 1 1990 768 6
26 0 1 0 1 11985 140 3
27 0 0 0 1 1993 9242 5
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1 1 0 0 23.77 21.98
2 0 0 1 10.09 10.70
3 0 0 1 18.67 2.24
4 1 0 0 9.09 12.50
5 1 0 0 20.92 15.18
6 1 1 1 6.41 12.40
7 1 1 1 9.51 222
8 1 1 1 2.35 51.94
9 1 1 1 6.77 16.10
10 1 1 1 48.20 11.13
11 1 1 1 12.45 15.49
12 1 1 1 8.53 4.26
13 1 0 0 25.10 21.12
14 0 0 0 8.50 13.76
15 1 0 0 11.00 97.51
16 1 1 0 16.80 10.61
17 1 0 0 20.00 14.30
18 1 0 0 26.58 24.29
19 1 1 1 4.40 1.55
20 1 0 0 51.33 21.70
21 1 1 0 10.13 11.36
22 0 0 1 3.76 2.56
23 0 0 0 9.64 3.28
24 1 0 1 16.82 4.71
25 0 0 1 7.83 8.58
26 1 1 1 9.37 8.33
27 0 0 0 42.98 15.69
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1 = ; 1 0 0 3.09
: o : . 0 0 2.37
3 5 1 0 1 0 0.81
S 6 ; 3 0 0 2.53
2 s ; . 0 0 2.72
6 6 0 1 0 0 2.52
: o 5 5 1 0 0.80
5 0 y 0 0 0 3.95
5 5 0 0 0 0 2.78
10 0 1 0 0 0 2.41
i1 0 1 0 o 0 2.74
12 0 1 o 0 0 1.45
i 0 3 y 0 0 3.05
14 1 1 0 0 0 2.62
i 5 1 1 0 0 4.58
6 0 1 1 0 0 2.36
17 0 1 1 0 0 2.66
18 0 1 0 1 0 3.19
19 0 0 0 0 0 0.4
20 0 1 0 1 0 3.08
21 1 1 0 0 0 2.43
22 1 1 0 0 0 0.94
23 0 1 0 _ 0 ) O 1.19
24 0 1 0 0 0 1.55
25 0 1 0 0 0 2.15
26 1 1 0 0 1 212
27 0 1 0 0 0 2.75
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