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Abstract

In the aftermath of 9/11, a new security regime was imposed on Canada-U.S. truck-borne
trade, raising the question of whether the border has ‘thickened.’ Did the cost of moving goods
across the border by truck rise and, if so, by how much, and have these additional costs
persisted through time? Building on previous work that measured the premium paid by shippers
to move goods across the Canada—U.S. border by truck, from the mid- to late 2000s, this paper
extends the time series back to 1994, encompassing the pre- and post-9/11 eras. The analysis
shows that the premium paid to move goods across the border rose, from 0.3% of the value of
goods shipped prior to 9/11, to about 0.6% after 9/11, with these higher costs persisting through
to the late 2000s. Whether these additional costs are imposed on the export or import leg of the
cross-border journey depends on the balance of cross-border trips, with the export leg bearing
these costs until about 2005, and increasingly the import leg thereafter.

Keywords: border costs, international trade, transportation costs.
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Executive summary

Building on previous work that focused on the mid- to late 2000s (Anderson and Brown 2012;
Brown and Anderson 2015), this paper extends the period of analysis back to 1994. This much
longer period was marked by substantial changes in the Canada—U.S. trading relationship. It
encompasses the terrorist attacks on 9/11 that ushered in a new and evolving security regime
and a switch in the balance of Canada—U.S. truck-borne trade. These changes had potentially
two countervailing effects on the rates charged to transport goods to the United States by truck.
Following 9/11, increased delays at the border and additional border regulations may have
increased the costs borne by trucking firms when shipping goods to the United States, putting
upward pressure on prices. However, in the ensuing years, falling relative demand for the U.S.-
bound leg of the cross-border round trip put downward pressure on prices.

Statistics Canada’s Trucking Commaodity Origin and Destination Survey is used to assess the
degree to which it costs more to cross the border in the pre- and post-9/11 eras. On a shipment
basis, it measures the revenue of trucking firms and, by implication, the cost borne by shippers
for both domestic and cross-border shipments. By comparing these, it is possible to measure
whether trucking firms charge a higher price to ship goods to and from the United States and to
assess whether those prices have changed over time.

The paper finds the following:

e At the micro level, there is evidence that border compliance costs are reflected in prices.
After 2001, fixed costs per shipment rose more rapidly on exports. Much of this rise
occurred in 2004, coinciding with the implementation of new border regulations imposed
by the United States. There is less evidence that prices rose in reaction to delays at the
border in the immediate aftermath of 9/11.

e From 2004 onward, line-haul costs (costs that vary with distance) on exports rose at a
slower pace than those on imports and domestic trade, and this occurred at a time of
declining demand for the export leg and increasing demand for the import leg of the
cross-border trip.

e Between 1994 and 2000, it cost on average 16.3% more to ship goods across the border
than to ship the same goods the same distance domestically. The premium on cross-
border shipments remained at about the same level until 2000, after which it rose to
25.1% in 2005 and remained relatively high thereafter.

e The leg of the journey that bears these extra costs switched between 2005 and 2009,
reflecting changing relative demand for the export and import legs. In 2005, the premium
on the export leg was 30.0%, while the premium on the import leg was 20.3%. By 2009,
the premium on the export leg had fallen to 17.1% and risen on the import leg to 25.6%.

e The ad valorem tariff equivalent of the premium on cross-border trade over the 1994 to
2000 period averaged 0.33%, but almost doubled to 0.62% between 2005 and 2009.
While the tariff equivalent is relatively small, its effect will be magnified for goods such as
auto parts that pass over the border several times as they move through the various
stages of the production process.

The costs measured here are only part of the total cost of shipping goods across the border.
The institutional costs borne directly by exporting firms for matters like customs administration
have been estimated to be as great as or greater than the costs passed on to them by freight
carriers (Taylor, Robideaux and Jackson 2004). Furthermore, increased variability in border-
crossing times may cause shippers to maintain buffer inventories on the other side of the
border, which would not be reflected in carrier revenues (Anderson and Coates 2010).
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1 Introduction

After 9/11, a new security regime was imposed on the movement of goods across the Canada—
U.S. border, which led many to ask whether the border has ‘thickened.” That is, did the cost of
moving goods across the border rise, and, if so, by how much? The purpose of this paper is to
assess the additional cost of moving goods across the border by truck in the post-9/11 era,
compared with the pre-9/11 era. Trucks are the primary mode by which goods cross the border,
transporting half of the dollar value of exports to the United States and just over two-thirds of
imports.* This paper builds on previous work that measured the premium paid by shippers to
move goods across the Canada—U.S. border by truck, from the mid- to late 2000s, by extending
the time series back to 1994, encompassing the pre- and post-9/11 periods (Anderson and
Brown 2012; Brown and Anderson 2015).

The costs of crossing the border can be divided into three basic types: formal tariff barriers, non-
tariff barriers, and the cost of the transport system itself. The latter is the focus of this paper—in
particular, the border-related costs incurred by trucking firms that are passed on to their
customers through higher prices.” These costs may stem from increased wait times or their
changeability, and from the cost of complying with additional border regulations often aimed at
speeding passage across the border (e.g., implementation of a series of security protocols
required for participation in trusted-trader programs).

To date, considerable work has been undertaken to examine whether the post-9/11 security
regime has had a detrimental effect on Canada—U.S. trade (see Globerman and Storer [2008,
2009], Grady [2008], and Burt [2009]). These studies assess the impact of the new security
regime by observing the volume of trade prior to and after 9/11 using standard gravity-style
trade models. An unaccounted for drop in the volume of trade is seen as evidence that border
thickening resulted in higher delivered prices and a concomitant drop in the quantity of exports
demanded in the United States. The evidence from these models is mixed, with Globerman and
Storer (2008; 2009) and Grady (2008) finding evidence of a drop in the volume of trade, while
Burt (2009) finds little evidence of this effect.

While the costs borne by carriers in the wake of 9/11 may be reflected in prices, so too will other
factors that influence the Canada—U.S. trading relationship in the 2000s. One of the most
important factors is the balance of Canada—U.S. truck-borne trade, which determines which leg
of the cross-border round trip constitutes the ‘backhaul.’ Carriers, when they take a contract,

“...must commit to the maximum transport capacity required for a round-trip and, therefore,
face a logistics problem: there is an opportunity cost associated with returning empty
(‘backhaul problem’), and that opportunity cost depends on the shipping direction.”
(Behrens and Picard 2011, 281)

The backhaul problem is well known (see Felton [1981] and Jonkeren et al. [2011]). If the truck
is empty on the return trip, the opportunity cost of that leg is zero (Behrens and Picard 2011).

1. In 2009, goods shipped by truck accounted for 47% of the value of Canada’s merchandise exports to the United
States and 70% of the value of imports from the United States. Consequently, trucking costs may affect the
overall degree of integration between the two markets. U.S. Department of Transportation, Research and
Innovation Technology Administration, Bureau of Transportation Statistics, North American Transborder Freight
Database (2011). http://www.bts.gov/programs/international/transborder/TBDR_QA.html (accessed May 10,
2011).

2. Non-tariff barriers include those that are policy-driven (for example, regulatory differences that increase the cost
of trade) and those that are related to a broad set of factors that affect transaction costs. These are thought to
stem from the presence of common institutions, norms, and tastes within national boundaries (Helliwell 1998,
2005). Helliwell (1998, 123) notes, “as long as national institutions, populations, trust, and tastes differ as much as
they do, the industrial organization and other institutional literatures would predict that transaction costs will
remain much lower within than among national economies, even in the absence of any border taxes or
regulations affecting the movement of goods and services.”
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Hence, the carrier will have an incentive to undercut other carriers on that leg, putting downward
pressure on prices. Of course, the opposite occurs for the leg with a high level of demand.
Prices on the leg with low demand (the ‘backhaul’) and on the leg with high demand (the
‘fronthaul’) can differ greatly. For instance, reflecting the large imbalance in U.S.—China trade, in
2005, it cost $1,400 to ship a container from China to the United States, but only $400 to $500
for the return journey (Behrens and Picard 2011).

Through the study period, the relative demand for trucking goods to and from the United States
has shifted. During the 1990s, the implementation of the Canada—United States Free Trade
Agreement and the North American Free Trade Agreement brought about expanded trade with
the United States, with a rising share of manufacturing output exported across the border
(Baldwin and Yan 2012). With the balance of trade favouring Canada during this period, export
trips were likely the fronthaul and import trips the backhaul. In the 2000s “...the worldwide
resource boom...led to higher prices for Canadian commodity exports, an increase in the
Canada—U.S. exchange rate, [and] a decline in the competitiveness of the Canadian
manufacturing sector in U.S. markets” (Baldwin and Yan 2012, 7). For a cross-border round trip,
the fronthaul may have switched from the journey to the United States to the journey home. The
obvious implication is that during a period when there should be upward pressure on the price of
shipping goods to the United States, because of the new security regime, there was also
downward pressure on prices because of changes in the relative demand for the two legs of the
U.S. round trip.

Disentangling these effects cannot be accomplished through aggregate trucking price indices,
because they reflect the net of these countervailing effects through the 2000s. Required is an
econometric analysis of the prices charged by motor carriers at the micro level, which permits
the breakdown of the effect of fixed and variable (line-haul) costs on these prices. Assuming
that border compliance costs are reflected in the fixed cost of cross-border movements and that
changes to the fronthaul/backhaul’ portions of the journey are reflected in line-haul costs, these
two effects can be identified separately.

Statistics Canada’s Trucking Commaodity Origin and Destination (TCOD) Survey is used to
assess the impact of these effects. It samples waybills of for-hire trucking firms to measure the
characteristics of their shipments (for example, revenue, weight, distance shipped and
commodity type) for domestic and cross-border shipments, primarily to the United States. The
TCOD Survey provides a means to measure trucking costs—that is, the cost to shippers of
moving their goods between origin and destination.

This paper uses a dataset that, while having much in common with the one used by Anderson
and Brown (2012), is qualitatively different in several fundamental respects. First, and most
obvious, the dataset was extended back to 1994. This was not a trivial task, because the
wholesale redesign of the TCOD Survey between 2003 and 2004 meant considerable care had
to be taken to ensure the consistency of the time series over the period and the robustness of
the econometric estimates to changes to the survey design. Second, since the TCOD Survey
does not measure the value of goods shipped, they had to be estimated by multiplying the
tonnage shipped by the value per tonne on a commodity basis. Anderson and Brown (2012) did
this by using a relatively aggregate set of commodities. Since then, a set of much more fine-
grained commodity value per tonne estimates became available for imports and exports,
providing an opportunity to improve the accuracy of the estimated value of goods shipped.
Third, commodity import and export price indices were used to estimate the nominal value per
tonne over the period. Once again, these are based on a more fine-grained set of commodities
than that used in previous work. Finally, the database was rebuilt on a quarterly rather than an
annual basis. This was necessary because many of the key events over the period that might
affect the price of goods shipped across the border needed to be measured using a quarterly
rather than an annual time scale. For instance, addressing the effect of delays at the border
immediately after 9/11 required quarterly data, because these delays dissipated relatively
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quickly after the event. Because of these changes to the methods, the discussion takes care to
outline their implementation.

The next section describes the methods used to develop a comprehensive measure of trucking
costs. This entails a more detailed description of the TCOD Survey dataset and the steps taken
to ensure the comparability of these survey data through the study period. Section 3 presents a
multivariate analysis that takes into account potential differences between cross-border and
domestic shipments to arrive at an estimate of their relative costs. This is followed by the
presentation of ad valorem estimates of trucking costs (Section 4) and, in particular, the ad
valorem tariff equivalent of shipping goods across the border, which is used to measure the
degree and persistence of border thickening. The last section provides a brief conclusion,
summarizes the results of the analysis and outlines some caveats in interpreting the data.

2 Data development

2.1 Trucking Commodity Origin and Destination Survey

The Trucking Commodity Origin and Destination (TCOD) Survey measures (1) the output of the
for-hire trucking sector and (2) the volume of commodities moved by truck (Gagnon and
Trépanier n.d.). As noted above, the survey measures on a shipment basis the tonnes shipped,
the distance shipped, the origin and the destination, and the revenue earned by the carrier. The
revenue earned by the carrier from each shipment reported by the TCOD Survey is used here to
assess the relative costs of domestic and cross-border transportation. The question arises as to
whether the revenue from a specific shipment is a good proxy for the total cost of transportation.
This might not be true if carriers do not pass the full cost of crossing the border onto shippers.
However, this would imply that carriers accept lower profit margins for cross-border shipments
than for domestic shipments, which seems unlikely.

The survey underwent a major revision in 2004. In concrete terms, the TCOD Survey
methodology changed in three ways (see Gagnon and Trépanier [n.d].). First, its sampling
routine changed from two stages to four stages, and this affects the weights used on the file. In
unpublished work undertaken by Transport Canada, the four-stage weights were substituted for
two-stage weights in 2001 and 2002. This substitution had little effect on the prices.

Second, the scope of the survey changed in 2004. This involved the inclusion of short-distance
carriers (North American Industry Classification System [NAICS] 48411 and 48422) and used
household and office goods moving (NAICS 48421). Shipments of 25 kilometres or less were
also now included in the sample.

Finally, data processing and estimation were changed. These seemingly small changes can
have a profound effect when comparing microdata-based estimates over time. For instance,
less micro-editing is done on the modern file, increasing the level of errors in the file and
potentially leading to errors in variable-driven bias. As will become apparent below, this change
in methodology necessitates a careful treatment of the data.

2.2 Trucking price index

Given the changes in the survey methodology between 2003 and 2004, at issue is whether the
two series are comparable. To assess whether there are significant breaks in the series
between 2003 and 2004, a non-parametric trucking price index is developed (see Brown and
Zhu [2012]). The development of the price index serves two additional purposes. First, it can be
seen as an initial step in determining whether there has been a rise in truck prices on
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cross-border movements after 2001. Second, it provides a means to identify trends in prices
that should be taken into account in the econometric modelling.

The cost of moving goods by truck depends on the origin and destination, the distance, the
weight, and the type of shipment. To account for these factors, the price per tonne-kilometre is
calculated by cross-classifying shipments across these classes:

r

Y=,
(td),

where P/ is the price for the k" class in year y, r” is the revenue,® and tonnes (t) multiplied

(1)

by distance (d), td, is the number of tonne-kilometres. The k™ class is defined by 18 origin—

destination (domestic and cross-border) pairs, four distance classes, three weight classes, and
40 commodity classes, resulting in a maximum of about 8,640 classes.

The next step is to develop a price index that aggregates across these classes of shipments to
provide an aggregate measure of price changes over time. In this instance, the price index
might be more accurately referred to as a unit value index, because the nature of the service is
permitted to change through time. Nevertheless, the ‘price index’ terminology is kept in order to
maintain consistency with the literature.

To capture aggregate price changes, a Toérnqvist price index, C(py), is calculated by

aggregating the logs of the price change for all classes k, weighted by the average of the
revenue share for each class for two consecutive years:

c(p)=c(p")xexp> 3, {[In(R7*)-In(RY) Jx[In(5:")-In(s}) ]} @)

where S is the revenue share for the k™ class in year Y, given by

r)
2 k rky |

The price index is calculated for domestic trade and cross-border movements, divided into
exports and imports. Chart 1 presents the price index after excluding short-distance carriers
(NAICS 48411 and 48422) and movers (NAICS 48421). Also excluded are trips of 25 kilometres
or less. While there is no serious break in the series between 2003 and 2004, there is a
noticeable upward movement in domestic and import prices, and a less noticeable upward
movement in export prices. Furthermore, the overall rise in prices after 2003 was stronger than
expected based on the alternative prices series (see Brown and Zhu [2012]). Therefore, an
additional step was taken to filter the data based on quality to ensure that relative price changes
across trade types are not an artifact of changes to the survey methodology.

s) = 3)

3. The price per tonne-kilometre in this instance is a generalized measure of prices. Firms may, however, use
different pricing mechanisms (e.g., per kilometre or by volume). Nevertheless, because underlying costs depend
on distance and weight, this should provide a reasonable measure of prices.
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Chart 1
Trucking price index by trade type, with sample adjustment
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Source: W.M. Brown and L.Y. Zhu, 2012, For-hire Trucking Freight Hauling Price Index Methodology, 1994 to 2009, Manuscript, Ottawa,
Statistics Canada.

Quality is defined as a change in price between years for a given cell k that is beyond some
threshold value. The first step in developing this threshold value is to calculate the standard

deviation, ¢”’, of the average price change over all cells for year Y. In turn, for each cell, the

relative price change that corresponds to the number of standard deviations away from the
mean is calculated:

-
nY
ny=—P (4)
o

where n! is the number of standard deviations away from the mean for cell k in year y. Key to

the procedure is the identification of a year to measure the relative change in prices. The year
1998 is chosen because prices were relatively stable across the alternative price indices. For
that year, the +25%* relative average price change corresponds to the following standard
deviations away from the mean:

1998 0.25

r]k,0.25 ==X 0_1998 ' (5)

Neoss 1S applied to all the other years. Hence, if n) is greater than |ni9§825| then that cell is

excluded. Since this involves truncating both large increases and decreases in prices relative to
the mean change in prices for each year, no upward or downward bias should be introduced. In

4. The threshold value of 25%, while arbitrary, is chosen because price changes above this value are likely due to
errors, rather than to an actual change in prices for a given cell.
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addition to controlling for quality, the series are spliced between 2003 and 2004 using an
alternative price series from the national accounts (see Brown and Zhu [2012]).

When these exclusions are applied and the series are spliced, the price indices for domestic
trade and exports and imports undergo a significant shift (see Chart 2). First, domestic prices
rise at a much slower pace in the post-2004 period, rising to a peak index value of 125,
compared with 160 without the quality adjustment (see Chart 1). Export prices also rise at a
slower pace after 2003, but import prices rise more rapidly. This is consistent with econometric
estimates that suggest prices rose more rapidly for imports after 2003 than for exports
(Anderson and Brown 2012), and with aggregate trucking price indices produced by the national
accounts (Brown and Zhu 2012). This price pattern coincides with a shift in the trade regime,
where truck-borne imports by value and number of trips now outweigh exports (see Chart 3).
That is, the backhaul portion of the round trip has switched from the import portion of the
journey (from the Canadian perspective) to the export portion of the journey. In the econometric
analysis, these exclusions for quality will be used as a robustness check.

Chart 2
Trucking price index by trade type, with sample and quality adjustment
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Source: W.M. Brown and L.Y. Zhu, 2012, For-hire Trucking Freight Hauling Price Index Methodology, 1994 to 2009, Manuscript, Ottawa,
Statistics Canada.

Beyond the question of data quality, the substantive point to be taken from Chart 2 is that there
is no discernible increase in trucking prices for exports after 2001, which would have been
anticipated if carriers had incurred delays at the border and other border compliance costs and
passed them on to shippers in the form of higher prices. Still, establishing whether this is truly
the case requires more analysis, because of the countervailing effects of changes to the
security regime and of shifting relative demand for export and import trips on prices.
Distinguishing between these effects requires an econometric analysis at the micro level.
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2.3 Data description

The primary purpose of this study is to measure the cost of shipping goods across the border.
Before presenting estimates of these costs, several aspects of the aggregate data are
examined, including the scope of the TCOD Survey, the types of carriers covered, and the
trends in truck-borne trade over the study period.

The TCOD Survey is limited to for-hire trucking firms based in Canada, and, therefore, it
excludes foreign-based trucking firms operating in Canada and non-trucking firms with their own
fleets (own-account trucking).” However, as Anderson and Brown (2012) note, the trucking
costs derived from the TCOD Survey should be representative of the entire trucking sector
because it accounts for the vast majority of the tonnage moved across the Canada—U.S. border.
Furthermore, because the trucking sector is highly competitive® excess profits should be rapidly
competed away, equalizing rates across in-scope and out-of-scope firms.

Using the industrial classifications, trucking firms (or carriers) are classified into three types:
truckload, less-than-truckload and specialized. Truckload carriers specialize in moving loads
between their origin and final destination, while less-than-truckload carriers specialize in moving
multiple consignments between terminals where loads are consolidated at one end and broken
down at the other. Specialized carriers are distinguished by the type of equipment used (e.g.,
tank trucks to move liquids). Each type represents a different trucking technology (truckload and
less-than-truckload compared with specialized) and business model (truckload and specialized
compared with less-than-truckload).” Owing to these differences, the various types of carriers
may incur differing fixed and/or line-haul costs. For instance, specialized carriers are likely to
have higher fixed costs and line-haul costs, because their capital costs are higher and they are
less likely to obtain a backhaul, respectively. On the other hand, less-than-truckload carriers
may incur higher fixed costs because of delays at the border caused by loads with multiple
consignments.

Table 1 presents the basic characteristics of the sample. It reports the mean revenue, tonnage
and distance per shipment for all carrier types. To ensure the estimates are more comparable
between the 1994-t0-2003 and 2004-t0-2009 survey methodologies, the same sample and
guality exclusions used in the development of the price index are applied. Perhaps as a result of
these efforts, there is no apparent break in the time series for these shipment characteristics
between 2003 and 2004, which is reassuring. The primary difference between cross-border
shipments and domestic shipments is the distance travelled, which tends to be much less for
domestic shipments. Hence, average revenues per shipment were higher for exports and
imports than for domestic trade. Also, there has been a tendency for the distance shipped to
increase for both exports and imports through the 2000s. As an aside, this pattern would be
consistent with rising fixed costs, which tend to discourage short-distance shipments, for which
fixed costs account for a larger portion of total costs.

5. Other NAICS sectors may also provide trucking services as firms turn to bundling logistical services.
6. Forinstance, Baldwin and Lafrance (2011) find rates of entry into the trucking sector to be above average.
7. A much more detailed discussion of carrier types can be found in Anderson and Brown (2012).
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Table 1
Average revenue, tonnage and distance per shipment by trade type

Revenue Tonnage Distance
Domestic Export Import Domestic Export Import Domestic Export Import

dollars tonnes kilometres
1994 218 734 679 6.6 10.8 7.1 554 1,041 1,368
1995 237 668 645 7.4 9.4 6.7 594 1,015 1,363
1996 227 646 656 7.6 9.0 7.0 583 1,041 1,452
1997 275 667 715 8.2 9.0 7.7 681 1,037 1,419
1998 273 668 725 8.5 8.6 7.5 635 1,025 1,374
1999 269 707 768 9.1 8.9 8.3 618 1,042 1,308
2000 293 806 823 9.2 9.8 9.0 606 1,090 1,360
2001 309 967 836 9.6 114 8.9 590 1,153 1,313
2002 310 1,025 841 9.5 12.2 9.1 559 1,197 1,320
2003 327 1,007 872 9.7 115 9.3 568 1,177 1,342
2004 363 1,130 861 8.6 11.3 8.5 606 1,256 1,386
2005 380 1,280 992 8.6 11.9 9.5 566 1,295 1,441
2006 437 1,167 1,066 9.0 10.9 8.2 640 1,213 1,515
2007 455 1,197 1,030 8.6 10.5 7.6 645 1,207 1,556
2008 493 1,292 1,166 8.7 121 8.3 619 1,247 1,473
2009 454 1,232 1,110 8.7 12.3 8.2 632 1,341 1,630

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.

3 Econometric model

3.1 Specification

This paper follows the basic pricing model developed by Brown and Anderson (2015).
Presented here is a summary of that model. Trucking costs borne by carriers include a fixed
component and a variable (line-haul) component. These can be incorporated into a simple
pricing rule that takes into account both fixed costs (&) and variable (line-haul) costs per

kilometre shipped (f): I, =c; =a+ fd;,

is cost, d is distance, and i, j,» and | index the origin, destination and shipment, respectively.

This rule assumes that all economic profits are competed away, equating revenues and Ccosts.
Assuming further that firms set their price per kilometre on the basis of a full load (or average
load) results in the following revenue function:

ﬂdt

where I is revenue (price charged) per shipment, c

| =a+

(6)

where t* is the unknown tonnage (e.g., for a full load by weight) used for pricing purposes.
Therefore, the implicit line-haul cost per tonne-kilometre using this pricing rule is ,B/t* This
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implies that for a load with a tonnage less than t*, the rate per tonne-kilometre would have to
be scaled upward to ensure that the pricing rule, on a per-kilometre basis,? is maintained:

I, = a+[t£*+¢(t* —t, )]dijt, = 0‘+(§+¢t* )du—tl —¢d, 12, (7)

where ¢(t* —t,) is the scaling factor that is a linear approximation of the relationship between
price per tonne-kilometre and the pricing rule per kilometre.

Equation (7) can be estimated using the following simple quadratic form:

by = o+ 0d,t, +a)dijt,2, (8)

where 0 = ﬂ/t* +¢t" and o= —¢, with the expectation that J will be positive and @ negative.

Equation (8) is augmented by including an additional distance term to account for instances
when there is no backhaul (deadheading), in which case the revenue per shipment is also a
function of distance alone, reflecting the empty backhaul.® Therefore, the premium paid on the
fronthaul is simply the rate ¥ charged per kilometre for running empty multiplied by the distance

and the probability (P) of not obtaining a backhaul:
yd; P =vd;. 9)
Finally, a squared distance term to account for any non-linear effect of distance on revenues,

which may result if the probability of not obtaining a backhaul decreases with distance, and an
error term are added to (8):

ry = a+0dt +odt? +vd, +od? +¢,; or

= o +(S+at’+v+ed;)d; +g. (10)

fixed cost

line-haul cost

3.2 Model set-up

To permit the effect of distance and tonnage on carrier revenues to vary across carrier types—
truck-load, less-than-truck-load and specialized—separate models are estimated for each.® As
with the price index, shipments of short-distance carriers and movers are excluded, as were
shipments of 25 kilometres or less. Furthermore, the results are also presented with
observations excluded from cells k for which, in a given year, the change in price was large
enough to call into question the quality of the data (see the price index discussion above).

8. A heavier load uses more fuel per kilometre and so the line-haul cost for a light load would be slightly less. In its
estimated form, however, the model is sufficiently flexible to take this into account.

9. This specification is informed by the analytical result that, in a perfectly competitive market, when the demand for
one leg of a round trip is less than the other such that the quantity demanded on the backhaul is less than on the
fronthaul, shippers on the fronthaul will pay the marginal cost of the loaded shipment from i to j plus the

marginal cost of the empty backhaul (see Felton [1981]). If the quantity demanded for both legs in equilibrium
equate, then a portion of the joint cost of the round trip will be borne by both the fronthaul and the backhaul.

10. The sample is restricted to shipments of less than 5,000 kilometres and of less than 23 tonnes for truckload and
less-than-truckload carriers, which approximates the maximum tonnage permitted on most North American
highways. For specialized carriers, heavier loads are more common (median = 26 tonnes), and so the sample is
restricted to loads less than the 95th percentile (about 52 tonnes). The model was tested for the sensitivity of
results to higher tonnages for these two classes of carriers. No qualitative effect on the estimates was found.
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The analysis uses a pooled set of cross-sections from 1994 to 2009. Over such a long period,
fixed and variable costs are expected to change and as a result the base model is augmented in
two ways. First, since diesel prices are a primary driver of variable costs, a diesel price index™*

is added to the model (l,). The Trucking Commaodity Origin and Destination (TCOD) Survey

reports the date of shipment by quarter, and, therefore, a quarterly diesel price is used in the
estimation.'? Because prices often take time to adjust to changes in costs (see Blinder [1991];
Amirault, Kwan and Wilkinson [2006]; de Munnik and Xu [2007]), the diesel price index is lagged
by two quarters. The diesel price index enters the model through its interaction with tonne-

kilometres (dt) and tonne-kilometres X tonne (dt?).

Second, additional controls for time need to be added to the model. There are two alternative
approaches for including these time effects. The standard approach is to add time-fixed effects
and interact these with the measures of variable costs. This leads to a larger number of (likely
volatile) coefficients to interpret and does not address the core issue of how variable and fixed
costs have changed as a result of specific events. The alternative approach is to add two time
trends to the model: one for fixed costs and the other for variable costs. The trends enter the
model in the form of a spline (piecewise regression) and measure the marginal quarterly change
in the relevant coefficient value.

The disadvantage of time trends is that they necessitate the specification of turning points
(knots), and this invites the possibility of data mining. The time trends themselves require
justification. For fixed costs, the knots correspond to specific events. Based on survey evidence
(Transport Canada 2005), the primary cost to carriers resulting from tightened border security
following the events of 9/11 was increased delays at the border and inland. Inland delays stem
from the requirement to notify the U.S. Customs and Border Protection (CBP) before a truck
reaches the border.

These two sources of delays have different time signatures. The most acute delays at the
border occurred during the immediate aftermath of the events of 9/11. These are taken into
account by including three knots. The first is added between the second and third quarters of
2001, the second knot between the third and fourth quarters of 2001, and the third knot between
the second and third quarters of 2002. These enable fixed costs to change during the quarter
including 9/11 and during the three subsequent quarters; that is, the last quarter of 2001 and the
first two quarters of 2002.

The second source of delay occurs inland and, as noted above, stems from new regulations
requiring the transmission of cargo manifests before trucks reach the border. These regulations
were implemented well after the events of 9/11. On July 23, 2003, pursuant to the Trade Act of
2002, the CBP announced its intent to amend customs regulations to require prior notification
before entry. This was followed by the publication of the final rules on December 5, 2003, and
the announcement on August 17, 2004, of the date of compliance, which, for major ports of
entry, was November 15, 2004.

The consequence of these changes is that carriers had to adjust or augment their logistics
systems to transmit their manifests to customs brokers well ahead of time. As noted by
Transport Canada (2005, 6), “this new requirement puts an end to the ‘load-and-go’ approach
whereby drivers could simply load, pick up their paperwork and show up at the border
unannounced.” Carriers have to transmit their manifests to the CBP at least an hour before
reaching the border, unless they are certified in the Free and Secure Trade (FAST) program, in
which case a 30-minute notice is sufficient. Note that, because the electronic manifests are

11. The diesel price index is calculated by region (i.e., Atlantic, Quebec, Ontario, Prairie provinces and British
Columbia). For domestic trade, the region-of-origin price index is applied. For cross-border trade, the Canadian
region-of-origin or destination diesel price index is used.

12. Statistics Canada, CANSIM Table 329-0066.
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transmitted through customs brokers, the time required is typically more than an hour—often
two hours (Transport Canada 2005). Hence, shipments within two hours of the border may be
delayed further, and, overall, carriers incur more coordination costs.

When carriers reacted to these new regulations is unknown. On one hand, the prices charged
by carriers might not have changed until after the regulations were implemented, which was not
until the middle of the last quarter of 2004. On the other hand, the publication of the final rules at
the end of 2003 and the compliance date of August 2004 may have pushed carriers to
implement a series of costly measures in the run-up to the implementation of the new
regulations.

To understand why the publication of the rules may have increased carrier costs, note that
carriers gain a competitive advantage if they are qualified for the FAST program. A prerequisite
for qualification in FAST, however, is enrolment in the Customs-Trade Partnership Against
Terrorism (C-TPAT). C-TPAT is intended to increase the security of the supply chain by having
participating firms implement a set of security measures (e.g., installing security cameras,
lighting and fencing [Transport Canada 2005]). In addition to enrolment in C-TPAT, membership
in the FAST program requires that U.S. importers, motor carriers and drivers meet a set of
security criteria. Carriers incur considerable upfront costs to qualify for these programs, and
these costs would have been incurred before the implementation of the new regulations at the
end of 2004. As a result, prices may have risen prior to the imposition of the new regulations.
Therefore, to account for these new regulations, additional knots were added between the first
guarter of 2004 and the second quarter of 2004, the last quarter of 2004 and the first quarter of
2005.

In 2004, there was a change in the survey methodology, in addition to important regulatory
changes. To take into account the change in the survey methodology, knots were included for
the first and second quarters of 2004.

Since the diesel price index allows line-haul (variable) costs to vary with time, the timeline for
variable costs is simpler with only two knots. It attempts to take into account changes in the
trade regime that might have switched the backhaul from the import portion to the export portion
of the round trip to the United States. Hence, the marginal effect of the trend is permitted to
change between 2003 and 2004, which corresponds to the point when the balance of truck-
borne trade by value and trips shifts decidedly in favour of the United States (see Chart 3) and
when the price indices for imports and exports diverge (see Chart 2). A second knot is included
between the third and fourth quarters of 2008 to account for the effects of the global recession
on prices. Other specifications of the line-haul trend were also tested. These included permitting
the trend to vary for the economic slowdown of the early 2000s and for the change in survey
methodology by allowing the influence of the trend to change during the first quarter of 2004. In
both instances, the coefficients were insignificant and so the more parsimonious specification
was chosen.
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Chart 3
Ratio of exports to imports by value of trade and trips, 1995 to 2009
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Source: United States Department of Transportation, Research and Innovative Technology Administration, Bureau of Transportation
Statistics, North American Transborder Freight Database.

All variables in the model, including the time trend (and its interaction with tonne-kilometres), are
further interacted with a column vector of trade-type binary variables p, where p = (d X m) and

d is domestic trade, X is exports, and m is imports. This functional form allows for differing
coefficients across trade types, which is essential for testing whether fixed costs, for instance,
rose more rapidly for exports compared to domestic trade during the post-2001 period.

Finally, to account for variability in revenues across commodities, the model includes a vector of
fixed effects, 4. Depending on the model, these include binary variables accounting for the
commodity shipped at the five-digit level of the Standard Classification of Transported Goods,
the carrier, or the carrier-commodity, where the commodity is measured at the two-digit level.
Revenues may vary across commodities and/or carriers for many reasons. For instance, to ship
higher-value commaodities, carriers tend to charge more for a higher level of service in terms of
speed and reliability.

Hence, in its final estimated form, the revenue equation is

i

= +X+m+
p [ypqa + (8%t + Sy gty +8°q°t, + 0 + Ol |t +6°q°t7 +v° +v°q° + ¢0°d; +°q°d; ) d; ] +
k+gij|,

(12)

where g° and qb are column vectors corresponding to the fixed-cost and variable-cost trends

and Y, 0, ¢, v, and ¢ are parameter row vectors that correspond to their respective trends.
As a final econometric note, estimates of statistical significance are based on robust standard
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errors corrected for the correlation of errors across shipments transported by the same firm. It is
important to cluster by carrier, because some carriers are sampled across years, and this may
lead to correlated errors common to fixed-effect (panel-based) models (see Petersen [2009]).
Correcting for the correlation of errors across shipments transported by the same firm
addresses this problem (see Kézdi [2004]; Petersen [2009])."

3.3 Results

By value, most of the truck-borne trade between Canada and the United States is carried by
truckload carriers (Anderson and Brown 2012). Therefore, to simplify the exposition, the
econometric estimates focus on truckload carriers (see Table 2), while the estimates for less-
than-truckload carriers and specialized carriers are presented in the appendix.

There are two samples used in the analysis. The ‘full sample’ does not restrict the data set to
take into account data quality, while the restricted sample eliminates observations of cells k
whose average revenues per shipment were deemed to have changed too much between
years. There are no qualitative differences between the results of the full sample and the
restricted sample (see Models 1 and 2).

Only after carrier-fixed effects are added do the results change qualitatively. When this is done,
point estimates for the additional fixed costs associated with exports and imports fall, suggesting
there are unobserved characteristics of carriers engaged in cross-border trade not accounted
for in the model specification (e.g., carriers engaged in cross-border trade may provide a higher
level of service and this is reflected in their fixed costs). As a consequence, the preferred model
is Model 4, which controls for the carrier of the shipment and the commaodity shipped, albeit at
the two-digit level.* Model 5 has the same specification as Model 4 but uses the full sample. Its
results are not qualitatively different than those of Model 4, and, therefore, it will be the basis for
the analysis in the discussion to follow and for the predictions used in the next section.

As a point of departure for the discussion of the results, it is useful to relate the basic findings
back to the model specified in Equation (10). First, fixed costs are always associated with
shipments. Second, variable (line-haul) costs per kilometre increase with tonnes shipped, but
this marginal effect decreases with the tonnage, which is consistent with at least a portion of
firms setting prices on a per-kilometre basis. Costs generally increase with distance, and, when
statistically significant, the effect of distance is typically non-linear, with its marginal effect
decreasing with distance. The positive coefficient on distance may be interpreted as resulting
from adding costs from the backhaul portion of the journey to the fronthaul in response to
differences in the relative demand for the different portions of the round trip. These results hold
regardless of the model specification and the type of trade.

13. In previous work (see Anderson and Brown [2012]), the model was also tested using jackknife estimation, which
better takes into account the design of the TCOD Survey. Those estimates suggested explicitly that taking into
account the four-stage sampling design of the survey had no qualitative effect on the inference drawn with respect
to the significance of the coefficients.

14. The concatenation of carrier and five-digit commodity code resulted in an inordinate number of binary variables.
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At issue, of course, is how fixed and line-haul costs vary between domestic and cross-border
shipments, and how these have changed over time. While Table 2 provides the coefficient
estimates on time trends for fixed and line-haul-cost-related variables for domestic trade,
exports and imports, discussing these coefficient estimates in detail would not provide the
reader with an easily interpretable picture of how variable and fixed costs have varied over time.
Instead, the discussion will focus on a set of figures that trace out the predicted fixed and
variable costs across trade types over the 16-year study period. Only when necessary will
reference be made to the econometric results reported in Table 2. The figures present
predictions of fixed, line-haul, and fixed and line-haul costs based on the parameter estimates
from Model 5 in Table 2.
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Table 2-1

Trucking revenue model, truckload carriers — Domestic

Full sample Restricted sample Full sample
Domestic Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Intercept 81.1 *** 81.0 *** 116.3 *** 123.1 *** 101.2 **=
1994 Q1 to 2001 Q2 1.6 *** 1.9 *x* 2.7 *** 2.3 ** 2.4 *xx
2001 Q3 1257 20.2 * 1.4 -1.0 -1.0
2001 Q4 to 2002 Q2 -0.6 1.4 3.0 3.6 0.7
2002 Q3 to 2003 Q4 5.7 ** 4.2 -0.9 -1.3 1.7
2004 Q1 -3.5 -1.1 -19.3 -34.9 -6.0
2004 Q2 to 2004 Q4 8.9 8.3 10.0 15.6 8.3 *
2005 Q1 to 2009 Q4 17 15 -0.5 -0.6 -0.2
Distance 0.05 ** 0.05 * 0.10 *** 0.10 *** 0.10 ***
x tonnes 0.106 *** 0.101 *** 0.095 *** 0.091 *** 0.097 ***
x tonnes x diesel 0.006 0.015 " 0.008 0.009 0.002
x tonnes x 1994 Q1 to 2003 Q4 0.0003 *** 0.0002 *** 0.0002 ** 0.0002 ** 0.0002 **
x tonnes x 2004 Q1 to 2008 Q3 0.0007 * 0.0007 ' 0.0008 ' 0.0008 * 0.0007 *
x tonnes x 2008 Q4 to 2009 Q4 -0.0034 *** -0.0033 * -0.0058 *** -0.0054 *** -0.0043 ***
x tonnes x tonnes -0.00344 *** -0.00301 *** -0.00284 *** -0.00267 *** -0.00317 ***
x tonnes x tonnes x diesel -0.000248 -0.000810 * -0.000592 -0.000602 -0.0000322
x 1994 Q1 to 2003 Q4 -0.0017 * -0.0026 ** -0.0025 * -0.0014 -0.0011
x 2004 Q1 to 2008 Q3 0.0011 0.0028 0.0046 0.0022 0.0002
x 2008 Q4 to 2009 Q4 -0.0016 -0.0149 -0.0100 0.0060 0.0123
x distance -0.000009 -0.000017 ' -0.000022 * -0.000018 * -0.000011 "
x distance x 1994 Q1 to 2003 Q4 -0.00000006 0.00000032 0.00000044 0.00000011 -0.00000013
x distance x 2004 Q1 to 2008 Q3 0.0000005 -0.0000001 -0.0000004 0.0000002 0.0000006
x distance x 2008 Q4 to 2009 Q4 -0.000002 0.000007 0.000008 0.000002 -0.000005

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** significantly different from reference category (p<0.001)

T significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.
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Table 2-2
Trucking revenue model, truckload carriers — Exports

Full sample Restricted sample Full sample
Exports Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Export binary 243.4 % 251.5 *** 156.9 * 139.7 7 147.8 7
1994 Q1 to 2001 Q2 -3.0 -3.0 -0.5 0.7 -1.2
2001 Q3 9.2 7.3 5.5 -16.0 9.0
2001 Q4 to 2002 Q2 0.0 5.6 3.0 48 3.7
2002 Q3 to 2003 Q4 -11.8 * -14.2 % -14.3 ** -16.4 ** -83*
2004 Q1 28.3 66.2 7.1 -15.4 -24.3
2004 Q2 to 2004 Q4 87.0 *** 717 ¥ 70.4 *** 72.8 *** 71.5 ***
2005 Q1 to 2009 Q4 64" 5.2 -70* -4.8 5.7*
Distance -0.0141 0.00458 0.0864 0.112 0.0731
x tonnes 0.105 *** 0.101 *** 0.093 *** 0.088 *** 0.091 ***
x tonnes x diesel 0.0084 0.0093 ' 0.0089 ' 0.0104 * 0.0092 '
x tonnes x 1994 Q1 to 2003 Q4 0.0001 0.0001 0.0002 * 0.0002 ** 0.0002 *
x tonnes x 2004 Q1 to 2008 Q3 0.0002 0.0002 0.0001 0.0001 0.0002
x tonnes x 2008 Q4 to 2009 Q4 -0.0021 * -0.0025 * -0.0026 * -0.0023 " -0.0021 "
x tonnes x tonnes -0.0035 *** -0.0034 *** -0.0032 *** -0.0029 *** -0.0030 ***
x tonnes x tonnes x diesel -0.00046 " -0.00047 ' -0.00045 ' -0.00054 * -0.00051 *
x 1994 Q1 to 2003 Q4 0.010 *** 0.009 ** 0.007 ** 0.006 * 0.008 **
x 2004 Q1 to 2008 Q3 -0.005 -0.005 0.000 0.001 -0.001
x 2008 Q4 to 2009 Q4 -0.019 -0.022 -0.036 " -0.037 " -0.026
x distance 0.000005 -0.000002 -0.000003 -0.000010 0.000000
x distance x 1994 Q1 to 2003 Q4 -0.0000018 ** -0.0000013 *  -0.0000013 *  -0.0000010 * -0.0000015 **
x distance x 2004 Q1 to 2008 Q3 0.00000012 -0.00000058 -0.00000091 -0.00000111 -0.00000042
x distance x 2008 Q4 to 2009 Q4 0.0000092 0.0000114 1 0.0000147 * 0.0000130 * 0.0000093

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** significantly different from reference category (p<0.001)

! significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.
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Table 2-3

Trucking revenue model, truckload carriers — Imports

Full sample Restricted sample Full sample
Imports Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Import binary 109.8 97.8 * 26.2 48.2 42.4
1994 Q1 to 2001 Q2 11 1.2 2.0 11 13
2001 Q3 0.9 -2.3 6.1 6.1 11.7
2001 Q4 to 2002 Q2 24.6 ** 23.8 * 155 * 10.5 11.0
2002 Q3 to 2003 Q4 -9.1 -7.3 -7.4 -4.9 -0.6
2004 Q1 -30.7 -7.2 -32.7 -46.6 -385 1
2004 Q2 to 2004 Q4 -7.0 -14.5 -17.3 -6.7 -10.9
2005 Q1 to 2009 Q4 0.0 0.1 -1.3 -1.6 -0.9
Distance 0.129 0.148 * 0.216 *** 0.194 *** 0.199 ***
x tonnes 0.0842 *** 0.0816 *** 0.0787 *** 0.0792 *** 0.0827 ***
x tonnes x diesel 0.0345 *** 0.0369 *** 0.0316 *** 0.0258 *** 0.0234 ***
x tonnes x 1994 Q1 to 2003 Q4 0.00002 0.00001 0.0001 0.0001 0.0001
x tonnes x 2004 Q1 to 2008 Q3 0.0008 *** 0.0007 ** 0.0007 * 0.0007 ** 0.0008 **
x tonnes x 2008 Q4 to 2009 Q4 -0.0020 -0.0015 -0.0022 * -0.0021 * -0.0023 *
x tonnes x tonnes -0.00249 *** -0.00234 *** -0.00239 *** -0.00242 *** -0.00258 ***
x tonnes x tonnes x diesel -0.0016 *** -0.00173 *** -0.00151 *** -0.00127 *** -0.00115 ***
x 1994 Q1 to 2003 Q4 -0.00215 -0.00247 -0.00281 -0.00132 -0.00188
x 2004 Q1 to 2008 Q3 0.0114 * 0.0111 7 0.0116 * 0.0103 * 0.00984 *
x 2008 Q4 to 2009 Q4 0.00574 -0.00182 0.00973 -0.00355 -0.00521
x distance -0.000033 1 -0.000037 ** -0.000033 ** -0.000028 * -0.000031 **
x distance x 1994 Q1 to 2003 Q4 0.00000140 * 0.00000150 *  0.00000105 *  0.00000063 0.00000078 *
x distance x 2004 Q1 to 2008 Q3 -0.0000038 ** -0.0000038 * -0.0000030 * -0.0000026 * -0.0000027 **
x distance x 2008 Q4 to 2009 Q4 0.000000 0.000003 -0.000001 0.000003 0.000004

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)
*+* significantly different from reference category (p<0.001)
T significantly different from reference category (p<0.10)
Notes: Model 1 includes five-digit Standard Classification of Transported Goods (SCTG) fixed effects, is estimated using 950,631 observations, and has an R-squared value
of 0.691. Model 2 includes five-digit SCTG fixed effects, is estimated using 710,697 observations, and has an R-squared value of 0.695. Model 3 includes carrier fixed effects,
is estimated using 710,697 observations, and has an R-squared value of 0.734. Model 4 includes carrier two-digit SCTG fixed effects, is estimated using 710,697
observations, and has an R-squared value of 0.773. Model 5 includes carrier two-digit SCTG fixed effects, is estimated using 950,631 observations, and has an R-squared
value of 0.765. 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.
Source: Statistics Canada, Trucking Commaodity Origin and Destination Survey, 1994 to 2009.

Economic Analysis Research Paper Series

Statistics Canada — Catalogue no.11F0027M, no. 099



For domestic shipments, the fixed costs per shipment was $103.60 ($101.20 constant + $2.40
trend) in the first quarter of 1994. Through the period from the first quarter of 1994 to the second
quarter of 2001, fixed costs increased by a statistically significant $2.40 per quarter. The pace of
change varied over the subsequent periods, but there was no significant change with the
exception of the last three quarters of 2004.

Fixed costs on exports start the period significantly higher than domestic fixed costs and remain
essentially flat through the 1990s and into the early 2000s. There was no significant trend
upward during the third quarter of 2001, which includes the events of 9/11, nor were there any
significant increases in the subsequent three quarters (fourth quarter of 2001 to second quarter
of 2002). It was only during the six quarters between the third quarter of 2002 and the fourth
guarter of 2003 that the trend on exports saw a significant change and this was downward. In
short, it is not apparent that, in the period following 9/11, truckload carriers were passing along
additional costs stemming from delays at the border on the export leg of the trip (see Chart 4).
Why this was the case is open to question, but it could be that relatively weak demand in the
United States for Canadian exports at the time, combined with a declining level of service
resulting from delays at the border, weakened the pricing power of carriers.

It is only after the first quarter of 2004 that a statistically significant rise in fixed costs is
observed. Between the second and fourth quarters of 2004, fixed costs rose on average by $72
per quarter (see Table 2-2 and Chart 4).*® The important questions to ask are whether the gap
between fixed costs for exports and domestic trade is significantly higher after 9/11, and
whether this gap has persisted. This would be evidence of border thickening and its persistence.
If the question is whether the border is thicker at the end of 2004 than in the second quarter of

2002, the answer would appear to be yes (F =15.12, Prob.> F =0.01). If the question is
whether this gap persisted such that it remains significantly higher at the end of 2009 than in the

middle of 2001, then the answer would appear to be no. Despite the fact that the point estimates
suggest a wider gap (see Chart 4), the null hypothesis cannot be rejected

(F =0.25, Prob.>F =0.62).

15. This is a trend that is qualitatively the same across all model specifications and is statistically significant (see
Appendix Table 1).
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Chart 4
Fixed costs by trade type, truckload carriers
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Source: Statistics Canada, author's calculations based on data from multiple sources.

Like fixed costs, the level and trends in line-haul costs can be seen most clearly in graphical
form. Chart 5 presents line-haul costs for a 10-tonne load shipped 1,000 kilometres. At the
beginning of the period, line-haul costs on exports match those of domestic trade, while line-

haul costs on imports were higher (t =1.50, Prob.>|t|:0.133). In the ensuing 10 years, line-

haul costs on exports increased at a more rapid pace than on imports or domestic trade such
that by the first quarter of 2004, they were over $245 apart (t=5.73, Prob.>[t|=0.000). As

seen with the price index, it is after 2004 that a different picture emerges. Line-haul costs on
exports continue a pace, while those on domestic trade, and especially imports, rise more
rapidly. As Chart 5 makes clear, the growth in line-haul costs for imports far outpaces that of
costs for exports and domestic trade. For instance, in the last quarter of 2009, line-haul costs on

imports were $297 above domestic line-haul costs (t =3.53, Prob.>|t| :0.000). The trends in

export and import line-haul costs are consistent with shifting relative demand for the southbound
and northbound legs of the round trip to the United States. After 2004, it would appear that the
backhaul switched decidedly to the import leg of the cross-border round trip (see Chart 4),
pushing up line-haul prices on imports, while holding them down on exports.
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Chart 5

Line-haul costs on a 10-tonne, 1,000-kilometre shipment by trade type,
truckload carriers
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Combining line-haul and fixed costs provides an overall picture of the price charged for this
weight and distance (see Chart 6). On exports, prices rise through to the early 2000s because
of rising line-haul costs. The impact of rising fixed costs in 2004 on the cost of exporting to the
United States is self-evident, as is the subsequent drift back towards domestic prices. Rising
prices on the import leg are concomitant with the relative decline in the prices charged on the
export leg, thickening the border in the opposite direction. There is evidence of border
thickening in the mid-2000s, but its effect has shifted from raising the cost of exports to raising

that of imports.
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Chart 6
Line-haul and fixed costs on a 10-tonne, 1,000-kilometre shipment by trade type,
truckload carriers
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Charts 7 and 8 present the overall costs for specialized carriers and less-than-truckload carriers
(see the appendix for the econometric estimates). For specialized carriers, fixed costs on
exports do rise during the third quarter of 2001 and during the period leading up to 2004. While
fixed costs follow a different pattern for specialized carriers than for truckload carriers, the
pattern for line-haul costs is essentially the same, with rising relative line-haul costs on imports
after 2004. The major difference with truckload carriers is that the gap between the price on
exports and domestic shipments widens after 2001 and persists. For commodities shipped via
specialized carriers, border thickening has not receded. For less-than-truckload carriers, there is
some evidence of border thickening after 2001, because of rising fixed costs (Appendix
Table 2).

A complete picture of border thickening requires that its effects for all types of carriers be
brought together and that its contribution to the delivered price of goods be taken into account.
The next section of the paper addresses both requirements.
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Chart 7

Line-haul and fixed costs on a 10-tonne, 1,000-kilometre shipment by trade type,

specialized carriers
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Chart 8

Line-haul and fixed costs on a 10-tonne, 1,000-kilometre shipment by trade type,

less-than-truckload carriers
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Economic Analysis Research Paper Series

-28 -

Statistics Canada — Catalogue no.11F0027M, no. 099



4  Ad valorem trucking costs

To fully assess the question of border thickening and its persistence, it is necessary to abstract
from measuring border costs based on level differences across carrier types and to move to
measuring border costs on an ad valorem basis for all truck-borne shipments. This is
tantamount to measuring the ad valorem tariff equivalent of the additional cost of moving goods
across the Canada—U.S. border. A brief discussion follows on how these ad valorem costs were
calculated and on their levels and trends.

4.1 Calculation of ad valorem costs

Ad valorem trucking costs require a measure of the value of goods shipped, which the Trucking
Commodity Origin and Destination (TCOD) Survey does not supply. Hence, the value of each
shipment has to be imputed using estimates of the value per tonne by commodity. In previous
work (see Anderson and Brown [2012]), estimates of the value per tonne were derived from
U.S. sources (i.e., the North American Transborder Freight Database (TFD) and the Commaodity
Flow Survey). In the interim, new Statistics Canada data have become available that provide
estimates of value per tonne at a much more detailed commodity level and so these data were
adopted.

In 2008, experimental transaction-level import and export files were developed to provide
estimates of the tonnage of each shipment, in addition to its value. Shipments are coded by
transportation mode and by origin and destination, providing the value per tonne at the HS10
(Harmonized System) level for imports and at the HS8 level for exports.*®

Using the value per tonne estimated for 2008, the nominal value per tonne was projected across
the study period using import and export price indices.'” In total, there were 148 export series
and 211 import series, and these were linked to the export and import records via their related
HS8/HS10 commodity codes.'® The estimated HS commodity coded values per tonne were
then concorded with the five-digit Standard Classification of Transported Goods (SCTG) and
linked them to TCOD Survey files. Therefore, on a shipment-by-shipment basis, estimates of
carrier revenues and of the value of the goods shipped are available.

The measure of carrier revenues and the value of goods shipped were used to calculate the ad
valorem trucking costs for domestic trade, imports and exports. This was done for the
within-sample observations used in the econometric analysis above, because the model
estimates are used in the analysis to follow, across all carrier types (truckload, less-than-
truckload and specialized). These rates are then benchmarked to reflect the five-digit SCTG
commodity composition of the full sample of the TCOD Survey*® for domestic trade and the two-
digit HS commodity composition of Canada—U.S. truck-borne trade reported by the TFD for
exports and imports. Hence, as much as possible, the commodity composition of trade reflects
known totals, and, therefore, ad valorem rates are reflective of the actual commodity
composition of trade.

16. To avoid having extreme observations influence the estimate of value per tonne, transactions with values per
tonne below the 5th percentile and above the 95th percentile were excluded.

17. Three export/import price series were used, corresponding to the periods from 1992 to 1996, 1997 to 2002 and
2002 to 2009. There was no overlap year between the 1990-t0-1996 and the 1997-t0-2002 series and so 1997
was added to the 1992-t0-1996 series by taking the mean of the growth in the index between 1995 to 1996 and
1997 to 1998 for imports and 1998 to 1999 for exports. Note that there was no variation in the export price index
between 1997 and 1998 and so 1998 and 1999 were used for the mean growth rate.

18. Note that since price index for computer-related machinery and parts (HS84) is hedonic, which is inappropriate for
ad valorem trade cost estimates, their value per tonne was adjusted through time using a price index developed
from the North American Transborder Freight Database.

19. Exclusions are still maintained to ensure consistency across the survey years.
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4.2 Ad valorem transportation cost tariff equivalents

Ad valorem trucking costs for domestic trade and exports and imports over the 1994 to 2009
period are presented in Chart 9. Domestic ad valorem costs run just under 1.5% though much of
the period, but rise about half a percentage point between 2003 and 2004 to about 2.0% and
remain at that level for the remainder of the period. Export and import ad valorem rates are
always above domestic levels, with export rates above import rates until 2006. Of course,
differences in the commodity composition of trade (which can influence the denominator and
numerator of the ad valorem calculation) and the distance shipped are not taken into account
when calculating these rates, making comparisons across trade types problematic.

Chart 9
Ad valorem trade costs for domestic, export and import trade, 1994 to 2009
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Source: Statistics Canada, author's calculations based on data from multiple sources.

To control for differences in the distance and commodity composition of trade, ad valorem rates
for exports and imports were predicted using domestic fixed and line-haul costs, generating a
counterfactual rate. The difference between the predicted ad valorem rates and the
counterfactual ad valorem rates can be thought of as the tariff equivalent of the additional costs
of crossing the border. Chart 9 reports the predicted ad valorem rates. These closely match the
actual ad valorem rates, and, therefore, there is no loss of generality by using the predictions.

Predicted and counterfactual ad valorem rates for exports and imports are presented in
Charts 10 and 11. On the export side, both higher fixed and line-haul costs contribute to the
additional cost of U.S.-bound shipments, with rising fixed costs after 2004. Once again, fixed
costs do not rise immediately after 2001. However, it is noteworthy that after 2001 line-haul
costs grow at a more modest pace for domestic trade than exports. It may be that higher costs
of moving goods to the United States are being incorporated into line-haul rates, rather than
being a fixed surcharge per shipment. On the import side, of primary interest is the effect of
rising line-haul costs relative to domestic costs after 2004. It is only during this period that the
gap between domestic rates and import rates opens up.
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Chart 10
Predicted and counterfactual ad valorem trucking costs on exports, 1994 to 2009

Ad valorem trucking cost
(percent)

4.0

35

3.0

2.5 == _ A
% -- e - -* .

33 Soup O
2.0

15
1.0

0.5

1994 1997 2000 2003 2006 2009

—&— Predicted — < - - Predicted with domestic fixed costs - -4 - Predicted with domestic fixed and line-haul costs

Source: Statistics Canada, author's calculations based on data from multiple sources.

Chart 11
Predicted and counterfactual ad valorem trucking costs on imports, 1994 to 2009
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As noted above, the difference between the predicted ad valorem rates and the counterfactual
rates, based on domestic fixed and line-haul costs, is the ad valorem tariff equivalent of moving
goods across the border. Before discussing the tariff equivalents, it is useful to consider the
relationship between the export and import series.

Depending on the circumstances, the two series may be negatively or positively correlated.
They tend to be negatively correlated because the prices charged on the export and import legs
of a round trip are tied. Firms have to commit capacity to both legs when they take a contract for
one, and so the price charged on one leg of the journey depends negatively on the demand for
the other. This means that the additional costs of shipping across the border may not be borne
on the leg for which they are incurred, but on the leg for which the relative demand is the
greatest (the fronthaul) (see Felton [1981]). The lesson to be learned is that in a world where the
fronthaul and the backhaul switch between the export and import legs, it is best to look at the
mean of the tariff equivalent on exports and imports to address the question of whether the
border is thickening and, if so, whether this thickening persists (see the dashed line in Chart 12).

The two series are positively correlated if they share a common demand or supply shock. That
is, they move together if there is some common shock shifting the export—import round-trip
supply curve or demand curve. After the late 1990s, Canada—U.S. trade was not rising rapidly,
and so a rightward shift in the demand curve is unlikely. Instead, there was a potential supply
shock resulting from new border compliance measures and from increased delays (or variability
in delays) at the border, which could have caused the supply curve to shift leftwards, pushing up
prices on both the import and export legs.

Two expectations follow from this basic analysis. The first expectation is that import and export
tariff equivalents should diverge when there is a shift towards an imbalance in export and import
trips. Based on Chart 3, there are two periods of imbalance: (1) between 1998 and 2002, when
export trips outweigh import trips (imports = backhaul), and (2) between 2005 and 2009, when
import trips outweigh export trips (exports = backhaul). The second expectation is that, between
2001 and 2005, import and export tariff equivalents should move upwards in tandem as the
industry reacts to a common supply shock driven by an increase in the cost of moving goods
across the border.

Chart 12 shows that, early in the period, the tariff equivalents on imports and exports essentially
match each other, with rates between 0.2% and 0.4%. Consistent with expectations, the ad
valorem tariff equivalents on exports and imports diverge after 1997, with the rates on exports
about double those on imports by the early 2000s. Between 2002 and 2005, the ad valorem
tariff equivalents on exports and imports move upwards in tandem. This was a period when
increased delays at the border and additional border compliance costs would have pushed the
supply curve for both imports and exports to the left.?® After 2005, the tariff equivalents on
exports and imports once again move in opposite directions, falling for exports and rising for
imports. This was also the period during which the relative demand for the import leg of the
round trip rose steadily relative to the export leg.

Finally, border thickening can be seen best when looking at the mean of the tariff equivalents on
exports and imports. Its value remains essentially unchanged between 1994 and 2002, before
rising steadily between 2002 and 2005, after which there is once again little change, but which
remains at a level well above the average between 1994 and 2002. This is clear evidence of
border thickening and its persistence. Over the period from 1994 to 2000, the average of the

20. Such a pattern in the data might also occur if the level of competition fell over this period as U.S. carriers exited
the Canadian market. While it is true that Canadian-based, for-hire carriers accounted for a rising share of export
shipments to the United States from the mid-1990s into the early 2000s, through this period of rising ad valorem
tariff equivalents on exports and imports, there was no consistently rising market share of for-hire, Canadian-
based carriers.
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import—export mean tariff equivalent was 0.33%, while, between 2005 and 2009, the average
was 0.62%.

Of course, if competition for cross-border trips declined over the same period, then rising rates
might not be attributable to border thickening. There is, however, little evidence that this
occurred. Taking advantage of the fact that the interaction term between tonne-kilometre and
tonnes (w) is a measure of competition,? for truckload carriers there is no significant difference

between @ for domestic shipments and for exports and imports (see Table 2).

It is important to keep in mind that while the ad valorem tariff equivalent is relatively small, the
premium on cross-border ad valorem rates is significant. Between 1994 and 2000, it cost on
average 16.2% more to ship goods across the border than to ship the same goods the same
distance domestically, with no trend upward or downward. After 2000, the premium rose steadily
to 25.1% in 2005 and stayed relatively high thereafter. And, depending on the period and the leg
of the cross-border trip, the premium can be larger still. In 2005, the premium on the export leg
was 30.0%, and the premium on the import leg had risen to 25.6% in 2009.

It should also be kept in mind that many goods pass back and forth across the border several
times as they move through various stages of the production process. This is especially true of
automotive supply chains (Andrea and Smith 2002). Car parts pass over the border up to six
times before the final product is sold to consumers.? At each stage of the production process
value is added. Goods for which relatively little value is added at a particular stage are the most
sensitive to border thickening. Take a $100 item that is composed of $90 worth of intermediate
inputs, and, by subtraction, $10 of value was added. In 2005, the additional cost of shipping this
item to the United States over the pre-2001 level was about 0.5%, or $0.50. This is a small
amount. However, this additional cost is 5% of value added, which could easily be the firm’'s
profit margin. Therefore, in the case of goods for which each step in the production process
adds a small amount of value, the additional costs of shipping goods to the United States loom
much larger.

21.If w is zero, then firms are pricing on a tonne-kilometre basis, which should reflect their underlying costs on each
trip. If it is negative, then carriers are at least partially charging on a per-kilometre basis, and this means firms are
charging the same price for light and heavy loads, which is a form of discriminatory pricing. To wit, the trend for
@ is negative for imports and positive for exports after 2004. This is consistent with rising (falling) competition for
export (import) legs of the roundtrip as the backhaul switched decidedly from the export to the import leg of the
round trip.

22. http://wvfw.cme—mec.ca/?lid=4lJ5D—HTHQN—F9V37 (accessed April 3, 2013).
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Chart 12
Export and import ad valorem tariff equivalents, 1994 to 2009
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5 Conclusion

The purpose of this paper is to identify the costs of trucking goods across the Canada—U.S. border
from 1994 to 2009. This is a period marked by substantial changes in the Canada—U.S. trading
relationship. It stretches from the final phasing-out of tariffs under the North American Free Trade
Agreement, through the terrorist attacks on 9/11 that ushered in a new security regime that
continues to evolve, to a substantial rise in the Canadian dollar after 2002. These changes had
potentially two countervailing effects on the rates charged on exports to the United States in the
post-9/11 era. The new post-9/11 security regime put upward pressure on rates, while the
changing relative demand for export and import trips switched the backhaul from the import to the
export leg of the round trip.

At the micro level, there is evidence that border compliance costs are reflected in prices.
Through most of the period, fixed costs per shipment were higher for exports than for domestic
trade. After 2001, fixed costs rose more rapidly for exports, but much of this rise occurred after
2003 and coincided with new border regulations. It was also after 2003 that line-haul costs of
exports rose at a slower pace than those of imports and domestic trade, which is consistent with
the switch in the backhaul from the import to the export leg of the cross-border trip.

When measured on an ad valorem basis, there is evidence of border thickening. After 2002, the
ad valorem tariff equivalent of crossing the border rose for both the import and export legs of the
cross-border round trip. This was the only period when these rates moved in tandem,
suggesting a common supply shock. From 2005 onwards, the ad valorem tariff equivalents for
exports and imports moved in opposite directions, but their mean remained the same. That is,
the rising cost of moving goods across the border that occurred during the early to mid-2000s
persists, but the burden of these extra costs has switched from the export to the import leg of
the cross-border trip.

The costs measured here are only part of the total cost of shipping goods across the border.
Institutional costs borne by exporting firms (e.g., customs administration) can be as great as or
greater than costs passed on in the form of higher trucking prices (Taylor, Robideaux and
Jackson 2004). Furthermore, variability in crossing times can add to the costs of exporters. This
uncertainty can be hedged by adding buffer times into shipping schedules, which should be
reflected in carriers’ revenue. Alternatively, exporters may choose to maintain buffer inventories
on the other side of the border, which add directly to their costs (Anderson and Coates 2010).
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Appendix

Appendix Table 1-1

Trucking revenue model, specialized carriers — Domestic

Full sample Restricted sample Full sample
Domestic Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Intercept 1245 126.8 ™ 124.4 ™ 152.7 153.8 ™"
1994 Q1 to 2001 Q2 15 ™ 1.9 14" 12" 0.9
2001 Q3 17.7 15.7 179" 16.6 165
2001 Q4 to 2002 Q2 0.3 0.4 -0.9 -1.0 0.8
2002 Q3 to 2003 Q4 3.8 6.7 76" 58" 2.7
2004 Q1 to 2004 Q4 6.7 2.7 1.6 -1.2 1.8
2005 Q1 to 2009 Q4 1.0 0.1 2.4 1.9 20"
Distance 0.082 0.079 0.190 ™ 0.155 ™ 0.153 ™
x tonnes 0.060 0.054 *** 0.056 *** 0.052 *** 0.054 ***
x tonnes x diesel 0.0066 0.0081 -0.0020 0.0011 0.0041
x tonnes x 1994 Q1 to 2003 Q4 -0.0001 -0.0001 0.0000 0.0000 0.0000
x tonnes x 2004 Q1 to 2008 Q3 0.0008 ™ 0.0008 * 0.0004 0.0004 0.0005 *
x tonnes x 2008 Q4 to 2009 Q4 -0.0038 ** -0.0014 -0.0019 -0.0013 -0.0021 *
x tonnes x tonnes -0.0008 *** -0.0006 -0.0007 *** -0.0006 *** -0.0007 ™
x tonnes x tonnes x diesel -0.00027 ' -0.00024 ' 0.00003 -0.00006 -0.00020
x 1994 Q1 to 2003 Q4 0.004 * 0.0025 0.002 0.002 0.003 "
x 2004 Q1 to 2008 Q3 0.004 0.006 0.008 0.006 0.004
x 2008 Q4 to 2009 Q4 0.021 0.000 0.006 0.014 -0.009
x distance -0.0000211 -0.0000136 -0.0000395 *  -0.0000308 * -0.0000300 *
x distance x 1994 Q1 to 2003 Q4 -0.0000006 -0.0000008 -0.0000006 -0.0000006 -0.0000005
x distance x 2004 Q1 to 2008 Q3 -0.0000010 -0.0000003 -0.0000001 0.0000005 -0.0000005
x distance x 2008 Q4 to 2009 Q4 -0.0000114 -0.0000265 " -0.0000314 **  -0.0000356 ** -0.0000056

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** gignificantly different from reference category (p<0.001)

' significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commaodity Origin and Destination Survey, 1994 to 2009.
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Appendix Table 1-2

Trucking revenue model, specialized carriers — Exports

Full sample Restricted sample Full sample
Exports Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Export binary 55.7 828" 52.5 28.4 8.7
1994 Q1 to 2001 Q2 -1.2 -3.0 -1.8 2.1 1.1
2001 Q3 51.2 63.7 772" 68.6 * 60.1 ™
2001 Q4 to 2002 Q2 -0.2 9.1 8.5 2.4 -8.7
2002 Q3 to 2003 Q4 13.8 264" 301 ™ 325 ™ 19.9 ™
2004 Q1 to 2004 Q4 345" 8.6 2.1 5.3 18.7
2005 Q1 to 2009 Q4 3.2 5.4 6.7 4.2 3.1
Distance -0.040 -0.071 0.018 0.006 0.026
x tonnes 0.069 ™ 0.067 ™ 0.063 ™ 0.062 ™ 0.064 ™
x tonnes x diesel 0.0033 0.0049 0.0033 0.0062 0.0049
x tonnes x 1994 Q1 to 2003 Q4 -0.0001 -0.0001 0.0000 -0.0001 -0.0001
x tonnes x 2004 Q1 to 2008 Q3 0.0001 0.0000 -0.0005 -0.0004 -0.0002
x tonnes x 2008 Q4 to 2009 Q4 -0.0030 -0.0040 -0.0012 -0.0004 -0.0001
x tonnes x tonnes -0.0012 ™ -0.0012 ™ -0.0011 ™ -0.0011 ™ -0.0011 ™
x tonnes x tonnes x diesel -0.00014 -0.00015 -0.00005 -0.00012 -0.00011
x 1994 Q1 to 2003 Q4 0.010 ™ 0.0120 ™ 0.008 * 0.008 * 0.008 **
x 2004 Q1 to 2008 Q3 0.006 0.002 0.007 0.009 0.008
x 2008 Q4 to 2009 Q4 0.021 0.043 0.034 0.032 -0.010
x distance 0.0000328 0.0000353 0.0000175 0.0000144 0.0000139
x distance x 1994 Q1 to 2003 Q4 -0.0000025 *** -0.0000027 ¥ -0.0000017 " -0.0000016 ' -0.0000017 *
x distance x 2004 Q1 to 2008 Q3 -0.0000010 -0.0000006 -0.0000004 -0.0000009 -0.0000005
x distance x 2008 Q4 to 2009 Q4 -0.0000013 -0.0000054 -0.0000093 -0.0000092 -0.0000018

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** gignificantly different from reference category (p<0.001)
! significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2" signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.
Source: Statistics Canada, Trucking Commaodity Origin and Destination Survey, 1994 to 2009.
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Appendix Table 1-3
Trucking revenue model, specialized carriers — Imports

Full sample Restricted sample Full sample
Imports Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Import binary -65.6 -62.5 -86.3 -77.4 -88.3
1994 Q1 to 2001 Q2 15 1.4 1.1 0.8 1.2
2001 Q3 -11.1 -8.5 10.2 15.3 15.5
2001 Q4 to 2002 Q2 9.8 8.2 5.1 4.4 0.9
2002 Q3 to 2003 Q4 10.1 4.5 8.6 4.8 8.3
2004 Q1 to 2004 Q4 17.2 9.6 -7.4 3.0 8.8
2005 Q1 to 2009 Q4 -11.7 * -6.8 3.0 3.7 -3.2
Distance 0.258 * 0.256 * 0.281 * 0.200 * 0.212 *
x tonnes 0.06 *** 0.06 *** 0.05 *** 0.05 *** 0.05 ***
x tonnes x diesel 0.0123 ** 0.0141 ** 0.0176 *** 0.0179 *** 0.0157 ***
x tonnes x 1994 Q1 to 2003 Q4 0.0001 0.0001 0.0000 0.0000 0.0000
x tonnes x 2004 Q1 to 2008 Q3 0.0000 -0.0002 -0.0004 -0.0004 -0.0002
x tonnes x 2008 Q4 to 2009 Q4 0.0002 0.0023 0.0031 0.0025 0.0007
x tonnes x tonnes -0.0011 *** -0.0011 *** -0.0009 *** -0.0008 *** -0.0009 ***
x tonnes x tonnes x diesel -0.00040 * -0.00040 * -0.00051 ** -0.00052 ** -0.00049 **
x 1994 Q1 to 2003 Q4 -0.001 -0.0016 -0.001 0.000 0.000
x 2004 Q1 to 2008 Q3 0.037 * 0.039 * 0.033 0.027 0.030 f
x 2008 Q4 to 2009 Q4 -0.025 -0.143 1 -0.144 1 -0.137 1 -0.034
x distance -0.0000318 -0.0000276 -0.0000295 -0.0000158 -0.0000221
x distance x 1994 Q1 to 2003 Q4 0.0000004 0.0000000 0.0000003 -0.0000001 0.0000004
x distance x 2004 Q1 to 2008 Q3 -0.0000056 * -0.0000051 * -0.0000038 -0.0000027 -0.0000042
x distance x 2008 Q4 to 2009 Q4 0.0000078 0.0000229 0.0000135 0.0000172 0.0000029

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)
*** significantly different from reference category (p<0.001)

Tsignificantly different from reference category (p<0.10)

Notes: Model 1 includes five-digit Standard Classification of Transported Goods (SCTG) fixed effects, is estimated using 3,918,352 observations, and has an R-squared value
of 0.574. Model 2 includes five-digit SCTG fixed effects, is estimated using 3,325,528 observations, and has an R-squared value of 0.588. Model 3 includes carrier fixed
effects, is estimated using 3,325,528 observations, and has an R-squared value of 0.653. Model 4 includes carrier two-digit SCTG fixed effects, is estimated using 3,325,528
observations, and has an R-squared value of 0.699. Model 5 includes carrier two-digit SCTG fixed effects, is estimated using 3,918,352 observations, and has an R-squared
value of 0.683. 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.
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Appendix Table 2-1

Revenue model, less-than-truckload carriers — Domestic

Full sample Restricted sample Full sample
Domestic Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Intercept 59.6 *** 56.0 ™ 75.8 ™ 71.8 ™ 70.4
1994 Q1 to 2001 Q2 0.5 0.5 11" 10" 1.1
2001 Q3 8.4 154 ™ 117° 118 ° -4.0
2001 Q4 to 2002 Q2 -1.2 -3.6 -15 11 3.6
2002 Q3 to 2003 Q4 35 8.2 2.8 2.8 1.5
2004 Q1 8.5 -11.0 -22.0 -17.7 6.2
2004 Q2 to 2004Q4 0.7 3.4 3.3 3.4 0.9
2005 Q1 to 2009 Q4 2.7 19" 207 207 2.7 ™
Distance 0.027 ** 0.028 ** 0.043 ** 0.044 ** 0.045 **
x tonnes 0.10 ™ 0.12 *** 0.12 *** 0.12 *** 0.10 ***
x tonnes x diesel -0.00004 -0.00924 -0.00774 -0.00705 0.00065
x tonnes x 1994 Q1 to 2003 Q4 0.000068 -0.000054 -0.000064 -0.000019 0.000027
x tonnes x 2004 Q1 to 2008 Q3 0.000316 0.000536 0.000572 0.000940 * 0.000519
x tonnes x 2008 Q4 to 2009 Q4 -0.000259 0.001810 0.001010 -0.000782 -0.000778
x tonnes x tonnes -0.0027 *** -0.0038 *** -0.0037 *** -0.0036 *** -0.0028 ***
x tonnes x tonnes x diesel -0.0002 0.0004 0.0003 0.0002 -0.0003
x 1994 Q1 to 2003 Q4 0.0000 0.00002 -0.0011 -0.0011 -0.0011 "
x 2004 Q1 to 2008 Q3 0.0002 0.0040 * 0.0026 0.0026 0.0002
x 2008 Q4 to 2009 Q4 -0.005 -0.013 -0.020 * -0.016 * -0.009 '
x distance -0.0000077 *** -0.0000107 ™™ -0.0000136 *™* -0.0000140 *** -0.0000108 ***
x distance x 1994 Q1 to 2003 Q4 0.00000002 -0.0000001 0.0000001 0.0000001 0.0000002
x distance x 2004 Q1 to 2008 Q3 0.0000003 -0.0000010 -0.0000008 -0.0000008 0.0000001
x distance x 2008 Q4 to 2009 Q4 0.0000008 0.0000053 0.0000072 * 0.0000054 T 0.0000022 ¥

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** gignificantly different from reference category (p<0.001)

f significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commaodity Origin and Destination Survey, 1994 to 2009.
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Appendix Table 2-2
Revenue model, less-than-truckload carriers — Exports

Full sample Restricted sample Full sample
Export Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Export binary 148.6 ™* 141.3 ™ 30.9 315 44.2
1994 Q1 to 2001 Q2 0.8 2.1 4.7 ™ 4.4 ™ 307
2001 Q3 7.3 9.3 28.7 184 10.4
2001 Q4 to 2002 Q2 2.4 1.9 35 1.7 4.2
2002 Q3 to 2003 Q4 95 11.8 12.0 1247 45
2004 Q1 -13.6 75 -102.4 -39.9 -26.0
2004 Q2 to 2004 Q4 26.7 " 13.7 19.8 6.5 238"
2005 Q1 to 2009 Q4 -1.2 3.7 2.3 25 0.9
Distance 0.142 0.157 0191 " 0.209 ' 0.193 "
x tonnes 0.14 ** 0.13 *** 0.13 *** 0.13 *** 0.14 ***
x tonnes x diesel 0.01500 0.01640 0.01930 0.02250 0.02190
x tonnes x 1994 Q1 to 2003 Q4 0.000338 ** 0.000274 * 0.000236 ' 0.000208 0.000258 *
x tonnes x 2004 Q1 to 2008 Q3 0.001000 * 0.001080 * 0.001110 * 0.000762 ' 0.000677 '
x tonnes x 2008 Q4 to 2009 Q4 -0.004620 * -0.003890 -0.003180 -0.001430 -0.001760
x tonnes x tonnes -0.0047 *** -0.0044 *** -0.0043 ™ -0.0045 ** -0.0046 ***
x tonnes x tonnes x diesel -0.0014 -0.0015 -0.0018 -0.0017 -0.0017
x 1994 Q1 to 2003 Q4 -0.0019 -0.00310 -0.0038 -0.0044 -0.0033
x 2004 Q1 to 2008 Q3 -0.0010 0.0004 -0.0003 0.0005 -0.0009
x 2008 Q4 to 2009 Q4 0.030 ' 0.034 * 0.007 0.008 0.008
x distance -0.0000320 -0.0000343 -0.0000368 -0.0000426 * -0.0000393 '
x distance x 1994 Q1 to 2003 Q4 0.00000045 0.0000006 0.0000007 0.0000009 0.0000007
x distance x 2004 Q1 to 2008 Q3 0.0000008 0.0000006 0.0000005 0.0000003 0.0000006
x distance x 2008 Q4 to 2009 Q4 -0.0000087 ** -0.0000094 **  -0.0000036 -0.0000040 -0.0000041

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** gignificantly different from reference category (p<0.001)

i significantly different from reference category (p<0.10)

Notes: 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of statistical
significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.
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Appendix Table 2-3
Revenue model, less-than-truckload carriers — Imports

Full sample Restricted sample Full sample
Imports Model 1 Model 2 Model 3 Model 4 Model 5
coefficient
Import binary 130.0 * 131.0 F 47.6 50.4 52.1
1994 Q1 to 2001 Q2 1.2 0.9 321 371 357
2001 Q3 -49.8 -46.3 -32.0 -28.5 -31.1
2001 Q4 to 2002 Q2 -0.6 0.7 13.4* 132 * 1047
2002 Q3 to 2003 Q4 8.8 55 -8.9 -5.6 -0.4
2004 Q1 8.4 -34.2 -55.6 -57.1 -12.5
2004 Q2 to 2004 Q4 27.1 ** 48.3 ** 42.9 ** 37.7 % 21.1°*
2005 Q1 to 2009 Q4 2.1 -2.4 -0.7 -1.3 -1.3
Distance 0.077 0.098 0.148 1 0.146 1 0.133 *
x tonnes 0.16 *** 0.15 *** 0.15 *** 0.16 *** 0.16 ***
x tonnes x diesel 0.00824 0.01250 0.01450 0.01590 0.01060
x tonnes x 1994 Q1 to 2003 Q4 -0.000011 0.000068 -0.000017 -0.000044 -0.000111
x tonnes x 2004 Q1 to 2008 Q3 0.000234 0.000036 0.000058 0.000026 0.000303
x tonnes x 2008 Q4 to 2009 Q4 -0.002370 -0.001400 0.000887 0.001650 -0.000443
x tonnes x tonnes -0.0066 *** -0.0064 *** -0.0064 *** -0.0065 *** -0.0067 ***
x tonnes x tonnes x diesel 0.0000 -0.0002 -0.0003 -0.0004 -0.0002
x 1994 Q1 to 2003 Q4 -0.0004 -0.00098 -0.0027 -0.0031 -0.0025
x 2004 Q1 to 2008 Q3 -0.0016 -0.0012 -0.0021 -0.0016 -0.0020
x 2008 Q4 to 2009 Q4 0.007 0.008 -0.002 -0.004 -0.003
x distance -0.0000207 -0.0000252 -0.0000324 * -0.0000322 * -0.0000292 *
x distance x 1994 Q1 to 2003 Q4 0.00000023 0.0000004 0.0000007 0.0000007 0.0000006
x distance x 2004 Q1 to 2008 Q3 0.0000007 0.0000006 0.0000005 0.0000004 0.0000006
x distance x 2008 Q4 to 2009 Q4 -0.0000022 -0.0000020 -0.0000003 -0.0000001 -0.0000006

* significantly different from reference category (p<0.05)

** significantly different from reference category (p<0.01)

*** significantly different from reference category (p<0.001)

T significantly different from reference category (p<0.10)

Notes: Model 1 includes five-digit Standard Classification of Transported Goods (SCTG) fixed effects, is estimated using 17,476,774 observations, and has an R-squared
value of 0.488. Model 2 includes five-digit SCTG fixed effects, is estimated using 10,888,696 observations, and has an R-squared value of 0.512. Model 3 includes carrier
fixed effects, is estimated using 10,888,696 observations, and has an R-squared value of 0.535. Model 4 includes carrier two-digit SCTG fixed effects, is estimated using
10,888,696 observations, and has an R-squared value of 0.558. Model 5 includes carrier two-digit SCTG fixed effects, is estimated using 17,476,774 observations, and has an
R-squared value of 0.537. 'Q1' signifies first quarter; 'Q2' signifies second quarter; 'Q3' signifies third quarter; 'Q4' signifies fourth quarter; 'x' signifies multiplied by. Tests of
statistical significance are based on robust standard errors corrected for within-group (trucking firm) correlation.

Source: Statistics Canada, Trucking Commodity Origin and Destination Survey, 1994 to 2009.
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