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Abstract. Electronic commerce can improve market efficiency by helping buyers and sell-
ers find and transact with each other across geographic distance. We study the effect of
two distinct forms of electronic commerce on market efficiency, which we measure via the
existence and exploitation of spatial arbitrage opportunities. Spatial arbitrage represents
a more precise measure of market efficiency than does price dispersion, which is typically
used, because it accounts for the transaction costs of trading across distance and for unob-
served product heterogeneity. One of the forms of electronic commerce that we study is
a webcast channel that allows electronic access to the traditional physical market, while
the other is a standalone electronic market. Both forms provide traders with expanded
reach to find and transact with each other across geographic distance, but only one allows
traders to conduct transactions immediately, at any time. This variance helps us isolate the
effect of these mechanisms (reach and transaction immediacy) on efficiency. We find that
electronic commerce reduces the number of arbitrage opportunities (likely by expanding
traders’ geographic reach) but improves arbitrageurs’ ability to identify and exploit those
that remain (likely by expanding arbitrageurs’ reach and providing them with the immedi-
acy to exploit opportunities quickly). Overall, our results suggest that electronic commerce
improves market efficiency not only by helping buyers and sellers transact across distance
(thereby balancing supply and demand across geographic locations) but also by helping
arbitrageurs quickly exploit any remaining arbitrage opportunities (thereby rebalancing
supply and demand across geographic locations).
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1. Introduction
Markets can increase social welfare by matching will-
ing buyers and sellers (McMillan 2002). However, geog-
raphy can limit how efficiently markets match buyers
and sellers, because it may be difficult for them to
find and trade with each other across distance, even if
such a trade would be optimal. Electronic commerce
should facilitate trading across geographic distance in
at least two ways: (a) by improving the visibility of
buyers and sellers in different geographic locations,
and (b) by eliminating the need for collocation between
buyers and sellers (Bakos 1991). As such, studying the
effect of electronic commerce on market efficiency is
an important stream in information systems research
as well as in economics (e.g., Brynjolfsson and Smith
2000, Ghose and Yao 2011, Jensen 2007). We contribute
to this stream by posing the following research ques-
tion: How does electronic commerce affect market effi-
ciency, as measured by the existence and exploitation
of spatial arbitrage opportunities?

Addressing this question allows us to make the fol-
lowing contributions. First, scholars typically use price
dispersion to measure market efficiency. By contrast,
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we use the existence and exploitation of spatial arbi-
trage opportunities, which is more precise for markets
in which trading is geographically distributed. Follow-
ing Coleman (2009), we define spatial arbitrage as the
purchase and subsequent resale of the same product
in different geographic locations to exploit a price dis-
crepancy.' If buyers and sellers do not match efficiently
across locations, then this creates spatial arbitrage
opportunities in which a third party—an arbitrageur—
purchases products from sellers in locations where
prices are low and resells them to buyers in locations
where prices are high. Spatial arbitrage will occur as
long as the transaction costs associated with moving
products between locations are lower than the price
difference between locations, and it will become more
prevalent as the gap between the transaction costs and
the price difference widens. This measure has several
advantages over price dispersion, including inherently
accounting for transaction costs and for unobserved
product heterogeneity. To illustrate the first advantage,
consider a perfectly efficient market, i.e., one in which
buyers and sellers match optimally, regardless of geo-
graphic location. According to the law of one price,
this market might have substantial price dispersion,
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because prices in an efficient market can vary up to
the transaction costs of moving products between loca-
tions (Persson 2008). Yet there would be no spatial arbi-
trage in this market; indeed, “no arbitrage” is a classic
condition for market efficiency (Barrett 2008, Takayama
and Judge 1971). Thus, a researcher using price dis-
persion to measure market efficiency might incorrectly
conclude that this market was inefficient. A researcher
using spatial arbitrage to measure market efficiency
would not make this mistake. Use of this new mea-
sure is important because improving measurement is
fundamental to scientific advancement.

Second, we examine why electronic commerce af-
fects market efficiency by examining two theoreti-
cal factors that distinguish electronic commerce from
traditional commerce: reach and transaction immedi-
acy. Reach allows traders to find and transact with
each other across geographic distance, and transaction
immediacy allows them to conduct transactions imme-
diately, at any time. Empirically, we study two distinct
forms of electronic commerce, both of which provide
expanded reach but only one of which provides trans-
action immediacy. This distinction allows us to bet-
ter understand the mechanisms behind the effect of
electronic commerce. It also allows us to contribute to
the growing body of research that recognizes that not
all forms of electronic commerce are the same (Ghose
et al. 2013).

Third, we contribute to the empirical literature on
arbitrage. Arbitrage is a central mechanism in many
foundational economic theories such as the law of one
price and the efficient markets hypothesis. In these the-
ories, arbitrageurs are the critical agents who identify
and exploit market inefficiencies as they arise, thereby
restoring efficiency by rebalancing supply and demand
(Shleifer and Vishny 1997). Despite arbitrage’s central
place within theory, there is little empirical evidence
about how arbitrageurs behave. We contribute to this
literature by studying how arbitrageurs choose where
to source products for arbitrage, including how this is
affected by electronic commerce.

Despite its advantages, the existence and exploita-
tion of spatial arbitrage opportunities have rarely been
used to measure market efficiency. This is because spa-
tial arbitrage transactions are difficult to observe: a
researcher must be able to observe a trader i who
purchases an item at “source” location k and then
quickly resells the same item at a different “destina-
tion” location [. This requires unique (and consistent)
trader, location, and item-level identifiers. We over-
come this by studying spatial arbitrage in the context
of the wholesale used vehicle market, where we track
the trading history of each vehicle based on its unique
vehicle identification number (VIN). Our data also con-
tains unique and consistent identifiers for the traders

and market locations. Another advantage of this con-
text is that this market has implemented two distinct
electronic channels: a webcast channel that allows elec-
tronic access to the traditional physical market and a
standalone electronic market. Both channels provide
expanded reach, but only the standalone electronic
market provides transaction immediacy. These chan-
nels accounted for an increasing number of transac-
tions over our sample period (2003 to 2010).

Theoretically, the expanded reach provided by
both channels should help “regular” buyers purchase
directly from sellers in remote locations, thereby dis-
intermediating the arbitrageurs and reducing arbi-
trage opportunities. Yet it should also help arbitrageurs
find and exploit previously hidden opportunities. The
transaction immediacy provided by the standalone
electronic market should also help arbitrageurs iden-
tify and exploit arbitrage opportunities before they
dissipate. This suggests a nuanced effect in which elec-
tronic commerce eliminates many arbitrage opportuni-
ties but improves arbitrageurs” ability to identify and
exploit those that remain. Whether each of the chan-
nels increases or decreases the number of arbitrage
transactions (i.e., exploited opportunities) depends on
whether the channel increases the efficiency with
which arbitrageurs exploit opportunities more than it
reduces the number of opportunities.

Empirically, we find support for the nuanced effect:
the number of arbitrage opportunities decreased as
electronic commerce became more widely used, but
the percentage of arbitrage opportunities that were
exploited increased. We examined this further by
leveraging the phased implementation of the web-
cast channel across the market to conduct a quasi-
natural experiment to examine its effect. We used a
similar matching estimation to examine the effect of
the standalone electronic market. The webcast chan-
nel has a negative effect on spatial arbitrage transac-
tions, whereas the standalone electronic market has a
positive effect. As theorized, both channels increased
geographic purchasing reach. Also, buyers leveraged
the transaction immediacy of the standalone elec-
tronic market to exploit arbitrage opportunities by
quickly identifying and purchasing undervalued vehi-
cles. We conclude that the “opportunity exploitation”
effect outpaced the “opportunity reduction” effect in
the standalone electronic market (yielding the positive
effect) but not in the webcast channel (yielding the
negative effect). Consistent with the negative effect of
the webcast channel on arbitrage, arbitrageurs’ prefer-
ence of facility from which to source vehicles declined
with the degree to which the webcast channel had been
deployed. In general, we find that arbitrageurs prefer
to source vehicles at locations that are difficult for other
traders to access (both physically and electronically),
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likely because these locations are more isolated from
marketwide price trends.

Overall, our results provide a fuller and more
nuanced picture of the way in which electronic com-
merce affects market efficiency than has previously
been documented (to our knowledge). Per the law of
one price (e.g., Persson 2008), imbalances in supply
and demand are likely to occur in all geographically
distributed markets at times, creating spatial arbitrage
opportunities. If a market is efficient, then arbitrage
opportunities will be few (because supply and demand
are mostly balanced across locations) and will not per-
sist for long (because any remaining supply/demand
imbalances will be quickly exploited by arbitrageurs,
thereby restoring balance). Our analysis shows that
electronic commerce improves efficiency through both
mechanisms. First, electronic commerce helps buyers
and sellers trade with each other across geographic
locations, thereby providing better supply/demand
balance and eliminating arbitrage opportunities. This
is consistent with prior research (e.g.,, Aker 2010,
Jensen 2007). Second, electronic commerce helps arbi-
trageurs exploit the remaining supply /demand imbal-
ances, thereby returning the market to efficiency when
it strays. This mechanism is more nuanced and has not
been empirically shown to our knowledge.

2. Literature Review and
Differentiators of Our Study

Our research contributes to two research streams:
(a) the literature on market efficiency, including how it
is affected by electronic commerce, and (b) the litera-
ture on spatial arbitrage and arbitrageur behavior.

2.1. Research on Market Efficiency and
Electronic Commerce

Scholars have typically measured market efficiency in
geographically distributed markets by examining price
dispersion (e.g., Aker 2010, Jensen 2007). The intuition
is that a high degree of price dispersion indicates that
products are not being allocated efficiently, i.e., that
supply is too high for the demand in some regions and
too low in other regions. This will lead to low prices
in the former regions and to high prices in the latter
regions, creating price dispersion. Scholars have also
measured market efficiency by analyzing the comove-
ment of prices at different locations over time, which is
essentially an analysis of how price dispersion evolves
longitudinally (Alexander and Wyeth 1994). The intu-
ition for this measure is that prices in an efficient mar-
ket can differ across locations up to the cost of transport
between locations (Persson 2008, Takayama and Judge
1971), but this difference should be relatively constant
over time, i.e., prices across locations should move up
or down together, such that price dispersion remains
mostly unchanged. If prices do not move together, then

this might reflect excess supply or demand in some
locations at certain times, reflecting the market’s ineffi-
ciency at balancing supply and demand.

To assess the effect of electronic commerce on mar-
ket efficiency, scholars have examined whether price
dispersion is lower online than off-line (Brown and
Goolsbee 2002, Brynjolfsson and Smith 2000). A com-
mon motivation for these studies is that because
transaction costs are lower online than off-line (as is
typically assumed), supply and demand will be more
efficiently distributed online, resulting in lower price
dispersion online. Empirical support for this is mixed
(Baye et al. 2006). Another approach scholars have used
is to examine whether price dispersion in a market
declines as electronic commerce is adopted. Studies
using this approach have shown that electronic com-
merce has led to reduced price dispersion across loca-
tions (e.g., Aker 2010, Overby and Forman 2015, Parker
et al. 2016).

We extend this literature in two ways. First, we
use the existence and exploitation of spatial arbitrage
opportunities, rather than price dispersion, to measure
efficiency. Second, we examine two distinct forms of
electronic commerce.

2.1.1. Measuring Efficiency via the Existence and
Exploitation of Spatial Arbitrage Opportunities Rather
Than via Price Dispersion. Despite its widespread use,
price dispersion has two key limitations as a mea-
sure of efficiency in geographically distributed mar-
kets (Badiane and Shively 1998, Barrett 2008). The first
limitation is that a “baseline” level of price dispersion
may exist in a perfectly efficient market, with this base-
line equal to the transaction costs of moving products
between locations (Takayama and Judge 1971). With-
out knowledge of these costs, it is difficult to determine
what level of price dispersion represents the base-
line level versus what level represents inefficiency in
matching buyers and sellers. Prior research that has
relied on price dispersion to measure efficiency has
often worked around this issue by studying price dis-
persion on a relative basis, e.g., if the level of price
dispersion in a market declines over time, then it is rea-
sonable to assume that efficiency has improved. How-
ever, this approach makes the (potentially erroneous)
assumption that the baseline does not also decline.”
To illustrate this limitation, consider (hypothetically)
that the price of a barrel of crude oil is $45 in the United
States and $55 in the United Kingdom. On one hand,
this $10 price dispersion might reflect an inefficient
imbalance in supply and demand, such that buyers
in the United Kingdom (sellers in the United States)
would be better off shifting their demand (supply) to
the United States (United Kingdom) to exploit the inef-
ficiency. On the other hand, supply and demand might
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be perfectly balanced, with the $10 dispersion repre-
senting the baseline level and resulting from differ-
ent tax/tariff regimes and/or nonzero transport costs
between the United States and the United Kingdom.
In this case, there is no inefficiency for buyers or sellers
to exploit.

The second limitation of price dispersion as a mea-
sure of efficiency is that it will be inaccurate if products
whose prices are being compared are not comparable
because of unobserved factors such as differences in
quality. Although this is not a concern for perfectly
homogeneous products, it is a concern for any prod-
uct whose attributes may vary from unit to unit (e.g.,
agricultural crops, automobiles, crude oil, metals, etc.).
To illustrate this limitation, consider that crude oil in
the United Kingdom might be of higher quality than
that in the United States. In this case, the $10 price dis-
persion would reflect this quality difference, not ineffi-
ciency in balancing supply and demand.

Using the existence and exploitation of spatial arbi-
trage opportunities as the measure of market efficiency
addresses these two limitations. First, the arbitrage
measure inherently accounts for the transaction costs
of moving products between locations. To elaborate,
consider that although it is difficult for researchers to
assess whether a given level of price dispersion exceeds
the transaction costs of moving products between loca-
tions, it is far less difficult for arbitrageurs. This is
because arbitrageurs are market specialists who are
keenly aware of price disparities and the transaction
costs associated with exploiting them (Shleifer and
Vishny 1997). Arbitrageurs consider the transaction
costs when determining whether to engage in arbi-
trage. If the transaction costs are lower than the price
disparities, then arbitrage will occur, becoming more
prevalent as the gap between the transaction costs
and the price disparities widens, i.e., as the market
becomes more inefficient. If the transaction costs are
higher than the price disparities, then arbitrage will
not occur. Essentially, using spatial arbitrage to mea-
sure efficiency removes the burden from the researcher
of trying to estimate whether a given level of price dis-
persion represents inefficiency. Instead, this question

is answered (directly) by the arbitrageurs. Second, the
arbitrage measure is immune to potential quality dif-
ferences across products, because the same product is
traded in both locations (unless the product is altered
during transport).

To illustrate these advantages, we return to the crude
oil example. If we observe arbitrage activity in which
arbitrageurs purchase in the United States for $45 per
barrel and resell in the United Kingdom for $55 per
barrel, then we can safely assume that the transaction
costs are less than $10 per barrel and that the mar-
ket is inefficient. Also, because the same oil is being
transacted in both locations, we can eliminate the pos-
sibility that the $10 price dispersion is due to quality
differences. On the other hand, if we do not observe
arbitrage activity, then the $10 price dispersion is more
likely to reflect nonzero transaction costs or differences
in quality than inefficiency. Table 1 summarizes the
advantages of measuring market efficiency via the exis-
tence and exploitation of spatial arbitrage opportuni-
ties instead of via price dispersion.

2.1.2. Examining Two Distinct Forms of Electronic
Commerce. A limitation of research on electronic
commerce and market efficiency is that it tends to
implicitly assume that all forms of electronic commerce
are the same. Prior studies have either examined a sin-
gle form of electronic commerce and used that to draw
conclusions about electronic commerce in general (e.g.,
Jensen 2007) or studied electronic commerce in general
terms without differentiating between different types
of electronic commerce (e.g., Brynjolfsson and Smith
2000). A differentiator of our study is that we examine
the effects of two distinct forms of electronic commerce:
a webcast channel that permits electronic access to the
traditional physical market and a standalone electronic
market. This helps us examine the mechanisms respon-
sible for the effect of electronic commerce. To elaborate,
different forms of electronic commerce have distinct
features. Assume that form 1 of electronic commerce
has feature A and no effect on market efficiency, while
form 2 has features A and B and a positive effect on
market efficiency. This would suggest that feature B
(and not feature A) is the reason for the effect. Such a

Table 1. Issues with Measuring Market Efficiency via Price Dispersion and How Those Are Remedied by Using the Existence
and Exploitation of Spatial Arbitrage Opportunities as the Measure

Measure of market efficiency

Price dispersion

Spatial arbitrage

Issue 1: Transaction costs of
trading across locations
represents inefficiency or not.
Issue 2: Product quality
differences between locations
quality differences.

Does not account for these costs, making it difficult
to tell if a given level of price dispersion

Only accounted for if the researcher compares
homogeneous products or adjusts for product

Accounts for these costs because arbitrageurs
consider them when determining whether to
engage in arbitrage.

Accounts for this because the same product is
traded at both locations.
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Table 2. Categorization of Research on the Effect of Electronic Commerce on Market Efficiency, Including

Differentiators of the Present Study

Measure of market efficiency

Price dispersion Spatial arbitrage
Analysis of different forms Yes Present study
of electronic commerce?
No Aker (2010), Brown and Goolsbee (2002), Overby and Clarke
Chellappa et al. (2011), Jensen (2007), etc. (2012)

conclusion would not be possible if only one of these
two forms of electronic commerce were examined. Our
analysis of multiple forms of electronic commerce also
contributes to the growing literature that recognizes
that different types of electronic commerce (e.g., desk-
top computer versus phone based) may have distinct
effects (e.g., Ghose et al. 2013). Table 2 summarizes how
our research is distinct from prior research on the effect
of electronic commerce on market efficiency.

2.2. Research on Spatial Arbitrage and
Arbitrageur Behavior

Another contribution of our study is that we document
new empirical findings about spatial arbitrage and
arbitrageur behavior. This is important because despite
arbitrage’s central role in theory such as the law of one
price and the efficient markets hypothesis, it is difficult
to observe. As a result, much of what we believe about
arbitrage is based on maintained assumptions that
have not been subjected to empirical testing. Empirical
analysis of spatial arbitrage is rare for two main rea-
sons. First, because spatial arbitrage happens relatively
infrequently and constitutes a small fraction of a mar-
ket’s trade volume, empirical analysis of spatial arbi-
trage requires large data sets. Second, observation of
spatial arbitrage requires unique (and consistent) iden-
tifiers for individual products, traders, and locations
so that the trading history of products can be tracked.
Because these data are often unavailable, scholars have
used price dispersion (as noted above) to infer the pres-
ence of spatial arbitrage opportunities. A drawback to
this approach is that it tells us very little about how
arbitrageurs behave. We help address this situation
and contribute to the research on arbitrage by study-
ing how arbitrageurs choose where to source products,
including how electronic commerce affects this.

There is one other study of which we are aware
that examines spatial arbitrage at a transaction level.
Overby and Clarke (2012) used data from the wholesale
used vehicle industry to analyze how sellers” bounded
rationality causes them to distribute some vehicles
suboptimally, thereby creating opportunities to spa-
tially arbitrage those vehicles. We depart from their
analysis in several ways. First, we contribute novel

findings about how arbitrageurs behave by examin-
ing where they choose to source products, which
has not been previously examined to our knowledge.
Second, we analyze the change in both the number
of arbitrage opportunities and the number of arbi-
trage transactions (i.e., the number of exploited oppor-
tunities); Overby and Clarke (2012) analyzed only
the latter. This allows us to examine how electronic
commerce affects how efficiently arbitrageurs exploit
available arbitrage opportunities. Third, Overby and
Clarke (2012) reported a negative correlation between
webcast channel use and the number of spatial arbi-
trage transactions. We corroborate this negative rela-
tionship by conducting a quasi-natural experiment,
which is a stronger identification strategy than that
used by Overby and Clarke (2012), thereby improv-
ing our ability to attribute causality to the relation-
ship. Fourth, we analyze how both the webcast channel
and the standalone electronic market affect spatial arbi-
trage. The standalone electronic market was ignored by
Overby and Clarke (2012), who—as in the studies men-
tioned above—studied only a single form of electronic
trading. We find that the standalone electronic market
has a positive effect on the number of spatial arbitrage
transactions. Fifth, our analysis of multiple types of
electronic commerce allows us to explore the mech-
anisms by which electronic commerce affects spatial
arbitrage. This allows us to examine not only whether
electronic commerce affects spatial arbitrage activity
but also why.

3. Theory and Hypotheses
3.1. Effect of Electronic Commerce on
Spatial Arbitrage Opportunities

To consider the theoretical effect of electronic com-
merce on spatial arbitrage opportunities, it is useful
to consider the features that distinguish electronic
commerce from traditional commerce. We focus on
two features for our analysis: (a) reach, which is a
spatial feature, and (b) transaction immediacy, which
is a temporal feature. First, we define reach as the
ability for traders to find and transact with each
other across geographic distance. Electronic commerce
expands reach by lowering traders’ search costs, such
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that they can more easily find and consummate trad-
ing opportunities with partners in remote locations.
Second, electronic commerce typically provides trans-
action immediacy, which we define as the ability to
conduct a transaction immediately, at any time (e.g.,
when physical stores are closed, without having to wait
in line, before the price changes, etc.).?

We next consider how these features of electronic
commerce might affect spatial arbitrage. Spatial arbi-
trageurs are middlemen who purchase from a seller
in location k and then resell to a buyer in location /.
The reach provided by electronic commerce should
help buyers and sellers in different locations find and
transact with each other directly, thereby disintermedi-
ating the arbitrageur “middleman.” This is consistent
with recent research that shows that buyers use elec-
tronic commerce to shift demand from nearby sellers
whose prices are high to more remotely located sell-
ers whose prices are lower (Overby and Forman 2015).
On the other hand, arbitrageurs can benefit from the
reach of electronic commerce just as “regular” buyers
and sellers can. For example, the reach provided by
electronic commerce might help arbitrageurs identify
locations across which supply and demand are imbal-
anced, thereby helping them identify and exploit pre-
viously hidden arbitrage opportunities. This suggests
that electronic commerce will have a nuanced effect; it
should reduce the number of arbitrage opportunities
while simultaneously improving arbitrageurs’ ability
to identify and exploit the opportunities that remain.

The transaction immediacy of electronic commerce
should also affect spatial arbitrage. Arbitrageurs are
continuously looking for opportunities in which prod-
ucts in location k are priced below their value in
location I. These opportunities are fluid and do not
persist indefinitely, because prices depend on dynamic
supply/demand conditions in both locations. Thus, if
an arbitrageur determines that the price for a prod-
uct at location k is sufficiently below what he expects
to receive at location [, then it is important for him
to exploit this arbitrage opportunity before condi-
tions change. The reach provided by electronic com-
merce will help arbitrageurs find these opportunities,
and the transaction immediacy of electronic com-
merce will allow arbitrageurs to purchase the prod-
ucts before their prices change or they are purchased
by a “regular” buyer. Thus, the transaction immediacy
of electronic commerce should enhance arbitrageurs’
ability to exploit arbitrage opportunities. Regular buy-
ers could also leverage the transaction immediacy of
electronic commerce to purchase undervalued prod-
ucts, which would take opportunities away from the
arbitrageurs. However, we expect arbitrageurs to take
fuller advantage of transaction immediacy to purchase
undervalued products. This is because there are many
instances in which a product will appear undervalued

Figure 1. Tllustration of Why More Products Will Appear
Undervalued to Arbitrageurs Than to Regular Buyers

$12,000
' 1

$10,000

e

$12,000
|

uirn

/™

ﬂ Regular buyer
ﬂ Arbitrageur

Notes. The figure illustrates (hypothetically) a regular buyer and an
arbitrageur, both located in New Mexico. The (hypothetical) average
price for a 2012 Honda Accord is shown for different locations. The
$10,000 vehicles in Oklahoma and Texas will not appear undervalued
to the regular buyer, who will compare them to vehicles in New
Mexico. By contrast, they will appear undervalued to the arbitrageur,
who will compare them to vehicles not only in New Mexico but also
in Louisiana and Mississippi.

to an arbitrageur but not to a regular buyer. To see
this, consider that a regular buyer is only interested in
whether a product in a remote location is undervalued
relative to his location, i.e., he goes online to get a bet-
ter deal than he can locally. By contrast, arbitrageurs
are interested in whether a product in any location
is undervalued relative to any other location. Figure 1
provides an illustration. Also, research in behavioral
economics suggests that arbitrageurs will identify and
seize arbitrage opportunities more quickly than will
regular buyers, because the former have the expertise
and time to monitor market conditions more closely
(Peng and Xiong 2006, Shleifer and Vishny 1997).

The logic above suggests that increasing use of elec-
tronic commerce should lead to a decrease in the
number of arbitrage opportunities but to an increase
in the percentage of arbitrage opportunities that are
exploited. Both mechanisms reflect increased market
efficiency. The first reflects better balance of sup-
ply/demand across geographic locations, and the sec-
ond reflects better rebalancing of supply/demand
when inefficiencies arise (as they inevitably do).

Hypotheses 1A, B (H1A, B). Increasing use of electronic
commerce is (a) negatively associated with the number of
spatial arbitrage opportunities, but (b) positively associated
with the percentage of spatial arbitrage opportunities that are
exploited.

Whether electronic commerce leads to an increase
or decrease in the number of arbitrage opportunities
that are exploited (i.e., the number of arbitrage trans-
actions) depends on whether the increased efficiency
with which arbitrageurs exploit opportunities (i.e., the
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“opportunity exploitation” effect) outpaces the reduc-
tion in opportunities (i.e., the “opportunity reduction”
effect). This should depend on the features provided by
electronic commerce. In particular, assuming that two
forms of electronic commerce both provide expanded
reach but only one provides transaction immediacy,
the form that provides transaction immediacy is more
likely to foster arbitrage transactions (or at least inhibit
them less).

Hypothesis 2 (H2). Different forms of electronic commerce
will have different effects on the number of spatial arbitrage
transactions, with forms that support transaction immediacy
having a more positive effect.

3.2. Factors That Affect Arbitrageur Behavior of
Where to Source Products for Later Arbitrage

Several factors may influence the locations from which
arbitrageurs choose to source products. First, arbi-
trageurs should prefer source locations where they
expect to find a high percentage of inexpensive prod-
ucts that they can profitably arbitrage. Arbitrageurs
should also prefer source locations at which prices
for the products being offered vary widely across
locations. This is because the more product prices
vary across locations, the larger the potential arbitrage
profits.

Hypotheses 3A, B (H3A, B). Arbitrageurs will prefer
source locations at which (a) a high percentage of products
sell for below their market value, and (b) prices for the prod-
ucts being sold vary widely across locations.

Arbitrageurs should seek to limit the cost of sourcing
vehicles (thereby increasing their profit) by purchasing
at locations close to them. However, if two locations are
equidistant, an arbitrageur should prefer the location
that is more difficult for other buyers/sellers to access,
i.e., that is more isolated from the rest of the market.
To explain, consider a location that is easily accessible
to buyers/sellers. If prices at such a location become
artificially low (high), then buyers (sellers) can easily
shift demand (supply) there, thereby rebalancing sup-
ply and demand and eliminating would-be arbitrage
opportunities. However, if this location was difficult for
buyers/sellers to access, then prices would take longer
to equilibrate to the market average, making the loca-
tion an attractive source location.

Hypotheses 4A, B (H4A, B). Arbitrageurs will prefer
source locations that are (a) nearby, but (b) relatively diffi-
cult for other traders to access.

4. Empirical Context

The empirical context for our study is the U.S. whole-
sale used vehicle market. Buyers in this market are
used vehicle dealers. Most use the market as a source
of inventory for their retail lots, while a small minority

use the market to source vehicles for arbitrage within
the wholesale market. The former (whom we will
refer to as “buyers” or “regular buyers”) try to make
money from the difference between vehicles’ retail and
wholesale prices. The latter (whom we will refer to as
“arbitrageurs”) try to make money by exploiting inef-
ficiencies within the wholesale market. Sellers are of
two types: (a) used vehicle dealers, and (b) institutional
sellers such as rental car firms. The former use the mar-
ket either to sell vehicles that they do not sell retail
or (much less commonly) to sell vehicles that they are
arbitraging within the wholesale market. Institutional
sellers use the market to sell vehicles retired from their
fleets. Data were provided by an intermediary in the
market that facilitates trades between buyers and sell-
ers. The intermediary operates over 70 physical market
facilities across the United States as well as the webcast
channel and standalone electronic market described in
Section 4.1. The data consist of 40,657,724 successful
transactions facilitated by the intermediary from 2003
to 2010. Variables are described in Table 3.
Traditionally, the U.S. wholesale used vehicle market
has functioned as a physical market in which buyers,
sellers, and vehicles are collocated at market facilities.
Each facility has a large parking lot for vehicle storage
and a warehouse-type building equipped with multi-
ple lanes, which are essentially one-way streets. Trans-
actions occur as follows. Vehicles are driven down a
lane—one at a time—where buyers interested in that
vehicle will have gathered. An auctioneer solicits bids
for each vehicle and awards the vehicle to the highest
bidder, assuming he meets the seller’s reserve price.
This process takes 3045 seconds, after which another
vehicle is auctioned. It is common for vehicles to be
auctioned in multiple lanes at the same facility con-
currently. A “presale” list of the vehicles to be offered
is provided in advance on the intermediary’s website.
Buyers can link to vehicle information, photographs,
and a condition report (if one was written for that vehi-
cle). Buyers can also use the intermediary’s website to
search for where and when vehicles of interest will be
offered, including whether they are available via the
standalone electronic market (see Section 4.1).

4.1. Two Distinct Forms of Electronic Commerce

In the early 2000s, the intermediary who operates these
facilities began simulcasting via the Internet the physi-
cal auctions as they were occurring at the facilities. This
allows buyers to experience the live audio and video
of the auctions via an Internet browser, and it permits
them to bid on vehicles in competition with the buyers
who are physically collocated at the facility. As such,
this “webcast” channel provides buyers with electronic
access to the auctions occurring in the physical market.
The webcast channel was implemented in phases. This
is because implementing the channel required that
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Table 3. Description of Variables

Variable Description Descriptive statistics

Arbitraged Denotes whether a purchased vehicle was spatially arbitraged (= 1) or not Mean: 0.0079; SD: 0.0885
(=0).

FacilitylD The ID for the facility at which the vehicle was located. —

FacilityZip The facility’s zip code. —

LanelD The ID for the lane at the facility in which the vehicle was auctioned. —

TraderID The ID for the trader. The same ID is used regardless of whether the trader —
is the buyer or seller in a transaction.

BuyerZip The buyer’s zip code. Could also be thought of as ArbitrageurZip when the —

BuyerDistance

buyer later arbitrages the vehicle.
The distance in miles between BuyerZip and FacilityZip.

RemoteBuyer Denotes whether BuyerDistance was at least one standard deviation above
the mean (= 1) or not (=0).
SellerType Denotes the type of seller (institutional or dealer). 1 = Institutional; 0 =

SellerPctArbitraged

Dealer.

The percentage of vehicles sold by the seller over the previous 28 days that
were arbitraged. If the seller sold 0 vehicles over the previous 28 days,
we increased the number of days until the number sold was greater than
0.

SaleDate The date the vehicle was sold.

VIN The vehicle’s vehicle identification number.

VehicleYear The model year of the vehicle.

Make The make of the vehicle, e.g., Chevrolet, Toyota, etc.

Model The model of the vehicle, e.g., Tahoe, Camry, etc.

Price The vehicle’s sales price.

Valuation The vehicle’s market value as estimated by the intermediary that provided
the data.

Mileage The odometer reading of the vehicle.

StandaloneElectronicMarket

Denotes whether a vehicle was offered in the standalone electronic market
(=1) or the physical market (=0).

Mean: 205; SD: 343
Mean: 0.12; SD: 0.32

Mean: 0.57; SD: 0.50

Mean: 0.006; SD: 0.023

Mean: 2006.6; SD: 2.43

Mean: 10,470; SD: 8,060
Mean: 10,589; SD: 8,051

Mean: 64,302; SD: 49,473
Mean: 0.02; SD: 0.14

Mean: 0.76; SD: 0.44

Mean: 0.09; SD: 0.28

Mean: 182.1; SD: 144.9
Mean: 134.5; SD: 184.6
Mean: 160.8; SD: 161.8

WebcastEnabled Denotes whether a vehicle in the physical market was offered in a webcast
enabled lane (= 1) or not (= 0).

WebcastBuyer Denotes whether a vehicle offered in the physical market was purchased
by a buyer using the webcast channel (= 1) or the physical channel (= 0).

BuyFee The transaction fee paid by the buyer.

SellFee The transaction fee paid by the seller.

TransportFee The transport fee between the facility and the buyer’s location. Not
available for all transactions; see the online appendix.

ListingDate The date a vehicle was listed on the standalone electronic market.

TransactionType Denotes whether a vehicle was purchased in the standalone electronic

market via the Buy Now mechanism or auction (either before or after the

hidden reserve price is met).

Buy Now: 58%; Auction (after
reserve met): 35%; Auction
(before reserve met): 7%

2Not available for all transactions; see Section 5.2.3.

camera, microphone, and other equipment be installed
in each lane at each facility. This means that we observe
many instances in which highly similar vehicles were
auctioned at the same facility on the same day, some
in lanes that were equipped for webcast and some in
lanes that were not. As discussed in Section 5.2.1, we
leverage this in a quasi-natural experiment to assess
the effect of the webcast channel on the probability that
a purchased vehicle is later arbitraged. Figure 2 shows
how the percentage of vehicles available via webcast

increased as the channel was deployed.* The inter-
mediary also operates a standalone electronic market
whose format is similar to that of eBay. In this market,
sellers post listings of their vehicles, and buyers have
the option to purchase them for a fixed “Buy Now”
price or to bid for them over a period that spans sev-
eral hours or a few days. Typically, a winning bidder
exceeds the seller’s (hidden) reserve price. Yet some-
times the seller will sell to the high bidder before the
reserve price has been met.
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Figure 2. Annual Percentage of Vehicles Offered in the
Physical Market That Were Offered in Webcast Enabled
Lanes
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25 /

From a theoretical perspective, the webcast chan-
nel and the standalone electronic market differ in their
ability to provide expanded reach and transaction
immediacy. Both forms of electronic commerce provide
expanded reach: using either form, buyers can easily
search for and purchase vehicles from remote locations
without having to travel.” However, because of their
different designs, only the standalone electronic mar-
ket provides transaction immediacy. This is because
the webcast channel is an electronic access channel to
auctions occurring in the physical market. As a result,
the webcast channel can only be used to purchase vehi-
cles during the 30-45 second window within which
they are being auctioned at the physical market facility.
Also, a buyer can only purchase a vehicle in the web-
cast channel if he places the highest bid and has this
bid accepted by the seller. This means that the web-
cast channel cannot be used by a buyer to purchase a
vehicle immediately, at any time; i.e., there is no trans-
action immediacy. By contrast, most vehicle listings in
the standalone electronic market include a posted “Buy
Now” price. Buyers can click this button at any time to
purchase the vehicle immediately.

To explore the implications of these differences fur-
ther, it is useful to consider what information arbi-
trageurs consider when determining whether they can
profitably arbitrage a vehicle. This includes (a) a vehi-
cle’s price, (b) its location, and (c) its expected price
at other locations a few days in the future. Neither
the webcast channel nor the standalone electronic mar-
ket provides any particular benefit to arbitrageurs for
items (b) and (c) beyond other information sources
such as the intermediary’s website. This is because a
vehicle’s location is published on the intermediary’s
website, and arbitrageurs estimate expected prices at
other locations based on historical transactions (avail-
able via the intermediary’s website), their expecta-
tion of future supply/demand patterns (which may be
informed by the presale lists available on the interme-
diary’s website), etc. However, the two channels differ
in their ability to provide arbitrageurs with informa-
tion about a vehicle’s price, particularly whether the
vehicle is undervalued and thus a good candidate for
arbitrage. Arbitrageurs using the standalone electronic

market can see if a vehicle is undervalued based on
its Buy Now price and (potentially) based on the cur-
rent high bid for the vehicle and how long bidding
will remain open. By contrast, arbitrageurs using the
webcast channel do not know whether a vehicle will
be undervalued until the 30-45 second auction for it
occurs. Thus, the standalone electronic market is bet-
ter suited for arbitrageurs to scan for undervalued
vehicles, and it provides the transaction immediacy
necessary to quickly exploit the associated arbitrage
opportunities.

4.2. |dentification of Spatial Arbitrage Transactions
Following Overby and Clarke (2012), we identified
spatial arbitrage transactions as follows. First, we
identified what we refer to as “flips.” A flip is a pair
of transactions for the same vehicle (identified by its
unique VIN) in which the buyer in the first transaction
is the seller in the second transaction (as identified by
his unique TraderID). Flips occur when an arbitrageur
is engaging in spatial arbitrage, but they may also occur
for other reasons. For example, a dealer may flip a
vehicle if he is unable to retail it and chooses to lig-
uidate it in the wholesale market. A dealer may flip a
vehicle after making improvements to it (e.g., repair-
ing dents, replacing tires). There are 2,749,524 flips in
the sample. We delineate spatial arbitrage from other
types of flips in two ways. First, we limit our focus to
cross-facility flips, i.e., those in which the two trans-
actions that comprise the flip occur at different facil-
ities (as identified by the unique FacilitylDs). This is
useful for delineation because a spatial arbitrage trans-
action must occur across different facilities (by defini-
tion), whereas flips attributable to other reasons are
likely to be same-facility flips. For example, a dealer
who is flipping a vehicle he changed/improved or
failed to retail is likely to sell at the same facility from
which he purchased to avoid the cost of transporting
the vehicle to a different facility. Second, we only con-
sider those flips completed within a days to be spatial
arbitrage. We set a =7 in our primary analysis and
varied a for robustness. The seven-day interval is rea-
sonable because of the time needed to (a) complete
paperwork at the source facility where the vehicle was
purchased, (b) transport the vehicle to the destination
facility, and (c) register the vehicle for sale at the desti-
nation facility. Increasing the a threshold increases the
probability that we will falsely classify a flip as arbi-
trage, because a longer time period increases the prob-
ability that the vehicle has been changed /improved or
that the dealer is liquidating a vehicle that he failed to
retail. An example of a spatial arbitrage transaction is
as follows: TraderID 111 purchased a vehicle with VIN
1B3EL36R54N976952 at the Miami facility on February
10, 2003, for $10,000 and then sold the vehicle at the
New Orleans facility on February 13, 2003, for $11,500.
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5. Analysis and Results
5.1. Testing H1: The Association Between
Electronic Commerce, the Number of
Arbitrage Opportunities, and the Percentage
of Opportunities That Are Exploited
We estimated the number of spatial arbitrage opportu-
nities in the market by assessing whether each vehicle j
purchased at facility k on day t could have been prof-
itably arbitraged at a different facility / within o =7
days (we varied a for robustness). We did this as fol-
lows. First, we matched vehicles sold at each facility k
(the source facility) on day t to vehicles sold at every
other facility [ (the destination facilities) between day
t+1 and day ¢ + a. We matched on VehicleYear, Make,
Model, Mileage (coarsened into bins of 1,000 miles), and
Valuation (coarsened into bins of $1,000). Second, we
estimated whether the vehicle from the source facility
could have been profitably arbitraged at each match-
ing destination facility by taking the mean Price of the
matched vehicles at the destination facility and sub-
tracting out Price at the source facility, the estimated
transport cost between the facilities, and transaction
fees (including the BuyFee at the source facility and
the mean SellFee at the destination facility).® If this dif-
ference was more than $500 (after adjusting for infla-
tion), we counted this as an arbitrage opportunity
(we also used $0, $100, and $1,000 for robustness and
achieved similar results). For example, a 2002 Dodge
Neon with Mileage = 18,932 and Valuation = $6,468 was
purchased (Price = $5,200) at the Denver facility on
October 9, 2003. We identified five matching vehicles
sold on October 14, 2003, at the Phoenix facility (mean
Price = $6,660) and three matching vehicles sold on
October 14, 2003, at the Dallas facility (mean Price =
$5,433). Given the price differences, estimated trans-
port costs, and transaction fees, we determined that
Phoenix represented a profitable arbitrage opportunity
but that Dallas did not. Thus, for the 2002 Dodge Neon
purchased at Denver on October 9, 2003, we identified
one arbitrage opportunity (in Phoenix).”

Panel A of Figure 3 shows that the number of arbi-
trage opportunities decreased by 72% over our sample
period, from an estimated 1,532,232 in 2003 to 426,122
in 2010. Panel B of Figure 3 shows that the number
of arbitrage opportunities that were exploited (i.e., the

number of arbitrage transactions) also decreased over
time (by 46%). Panel D of Figure 3 shows that electronic
trading via both channels increased over time, with
most of the electronic trading occurring via the webcast
channel. The correlations between the time series for
the percentage of electronic trading and (a) the num-
ber of arbitrage opportunities, and (b) the number of
arbitrage opportunities that were exploited (i.e., the
number of arbitrage transactions) are —0.98 (p < 0.01)
and —0.95 (p < 0.01).® This supports H1A. Panel C of
Figure 3 shows that the percentage of arbitrage oppor-
tunities that were exploited increased by 93% over
our sample period, from 2.4% to 4.7%. The correlation
between this time series and that for the percentage of
electronic trading is 0.96 (p < 0.01). This supports H1B
and suggests that electronic commerce improved the
ability for arbitrageurs to exploit inefficiencies, even as
it decreased the overall number of inefficiencies.’

5.2. Testing H2: The Effect of Each Form of
Electronic Commerce on the Number of
Arbitrage Transactions

5.2.1. Testing the Effect of the Webcast Channel. We

tested the effect of the webcast channel on spatial arbi-

trage by leveraging the phased adoption of the webcast

channel to conduct a quasi-natural experiment (e.g.,

Jensen 2007, Overby and Forman 2015). Because the

webcast technology was deployed at different times for

each lane at each facility, we observe many instances
in which similar vehicles were sold at the same facil-
ity on the same day, some in lanes that were webcast
enabled and some in lanes that were not. We con-
sidered the former to be potential “treated” vehicles
and the latter potential “control” vehicles. If whether

a vehicle was sold in a webcast enabled lane was ran-

domly assigned, then we could identify the treatment

effect of the webcast channel via a simple compari-
son of outcomes for the treated and control vehicles.

However, as with much observational data, this is not

the case. When the webcast channel was deployed,

sellers and facility managers (who collectively deter-
mine the lanes in which vehicles are offered) tended
to use webcast enabled lanes for vehicles whose Vehi-
cleYear/Make/Model (e.g., 2002 Audi TT) was only avail-
able in a few facilities (so buyers from other areas

Figure 3. Spatial Arbitrage and Electronic Trading Trends Over Time
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Table 4. Descriptive Statistics for Treated and Control Observations for Testing the Effect of the Webcast Channel, Before and

After Matching

n: Treated n: Control Mean: Treated Mean: Control Difference in means
Variable n: Strata vehicles vehicles vehicles vehicles (t-stat)

Panel A. Before matching (full sample)
Valuation n/a 15,892,484 9,058,903 11,841.36 8,521.38 3,319.98  (1,049.53)
Mileage n/a 15,892,484 9,058,903 54,291.36 76,537.35 —22,245.99 (—1,047.43)
SellerPctArbitraged n/a 15,892,484 9,058,903 0.0068 0.0067 0.0001 (5.12)
DayOfWeek n/a 15,892,484 9,058,903 3.12 3.04 0.08 (201.49)
Panel B. After matching (matched sample)

Valuation 19,095 36,027 26,810 11,960.21 11,960.52 -0.31  (-0.25)
Mileage 19,095 36,027 26,810 38,633.18 38,636.40 -3.22 (1.26)
SellerPct Arbitraged 19,095 36,027 26,810 0.00538 0.00530 0.00008 (2.01)
DayOfWeek 19,095 36,027 26,810 3.13 3.14 —0.01 (1.57)

Notes. Observations are from 2003 to 2007. The means of the variables in the matched sample differ from those in the full sample. However,
we believe the matched sample is reasonably representative. This is because the 95% confidence intervals around Mileage and Valuation in the
matched sample cover 94% of the transactions in our full sample, i.e., the matched sample contains many matches of not only low mileage,

high value vehicles but also of high mileage, low value vehicles.

could bid for them electronically)'’ and that were rel-
atively new with low mileage (so personal inspec-
tion of the vehicle was not required to assess quality).
These assignment criteria became less relevant over
time as the webcast channel was increasingly deployed.
Nevertheless, vehicles sold in webcast and nonweb-
cast enabled lanes differed in VehicleYear, Make, Model,
Mileage, and Valuation (see Table 4).

Although assignment to webcast enabled lanes
was not random, because we know the factors that
influenced assignment (VehicleYear, Make, Model, and
Mileage), we control for them. To do this (and to con-
trol for other factors), we matched control vehicles to
treated vehicles on VehicleYear, Make, Model, Mileage,
Valuation, FacilityID, SellerType, SellerPctArbitraged, and
SaleDate. This increases the likelihood that the only
material difference between the control and treated
vehicles is that the latter were sold on webcast enabled
lanes. Essentially, the matched control vehicles serve as
counterfactuals for what would have happened to the
treated vehicles if they had not been treated, thereby
allowing us to estimate the treatment effect of being
sold in a webcast enabled lane on whether a vehicle is
arbitraged (see lacus et al. 2012). Matching on FacilitylD
is a key part of our identification strategy. In many
cases, this allows us to compare vehicles sold in a
webcast enabled lane to very similar vehicles sold in
a nonenabled lane just a few feet away. Matching on
SellerPctArbitraged is also important, because this con-
trols for a host of unobserved seller characteristics that
influence the probability that vehicles they sell are arbi-
traged. One such characteristic is how effective sell-
ers are at distributing vehicles to the “right” locations
so that they do not sell for below-market discounts
(becoming good candidates for arbitrage).

We matched vehicles using exact matching and
coarsened exact matching (“CEM”). Each treated

vehicle was only matched to a control vehicle with
the same FacilitylD, VehicleYear, Make, Model, and Seller-
Type. We restricted matches to vehicles sold in the same
week. We coarsened SellerPctArbitraged into bins of
width 0.1 and Valuation and Mileage into bins of width
1,000, and we only allowed matches between vehicles
in the same bins.'> Because there were essentially no
potential control vehicles available after 2007 (because
the webcast channel was almost fully deployed by then;
see Figure 2), we restricted the analysis to observa-
tions between 2003 and 2007. The matching proce-
dure yielded 19,095 matched strata that each contained
at least one treated vehicle and at least one control
vehicle.

To ensure that the procedure resulted in compara-
ble matches, we examined the balance between the
treated and control observations as follows. First, we
set DayOfWeek = 1...7 based on which day of the
week a vehicle was sold, with Monday = 1. Second,
we calculated the means of Valuation, Mileage, SellerPct-
Arbitraged, and DayOfWeek for the treated and control
vehicles in each of the 19,095 strata in the matched sam-
ple. We then used a f-test to examine whether these
strata means differed significantly between the treated
and control groups. As shown in Table 4, only Seller-
PctArbitraged showed a significant difference between
the two groups after matching, and this difference was
of minimal practical significance (recall that matches
are exact for all other variables). Table 4 also compares
the variables across groups before matching. Overall,
we believe that our matches are precise enough to sat-
isfy the unconfoundedness condition (aka, selection on
observables) for valid estimation (Imbens 2004). How-
ever, it is possible that unobserved differences could
make the control vehicles inappropriate counterfactu-
als for the treated vehicles. For this to be a problem, the
following conditions would have to hold. First, there
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would have to be unobserved vehicle characteristics
(not captured in our matching procedure) that are cor-
related with a vehicle being arbitraged. Second, sellers
and managers at the facilities—who collectively deter-
mine the lane in which vehicles are offered—would
have to know what these characteristics are. Third, sell-
ers and facility managers would have to consistently
offer vehicles with these characteristics in nonweb-
cast enabled lanes, while offering the other vehicles
in enabled lanes (or vice versa). Although we cannot
be sure that these conditions do not hold, they are
unlikely. First, it is unlikely that sellers and facility
managers would be able to identify the variables—
beyond those included in our matching—that consis-
tently predict arbitrage, partly because arbitrage occurs
rarely. Also, sellers might want to predict arbitrage
if by doing so they could identify “mis”-distributed
vehicles and move them to a more advantageous
selling location, thereby retaining the arbitrageurs’
profits for themselves. However, Overby and Clarke
(2012) showed that sellers have little incentive to do
this, because the revenues they forgo when they mis-
distribute a vehicle that is later arbitraged are minimal
compared to their total revenues. Last, there may be
unobserved variables (e.g., scratches, dents) that influ-
ence both whether a vehicle is offered in a webcast
enabled lane and its price. Yet if such variables cause
a price discount at an arbitrageur’s source location,
then they will also cause a discount at the destination
location, such that potential arbitrage profits would be
unaffected. Thus, such variables should not affect the
likelihood of arbitrage. We also considered whether
buyer heterogeneity across the webcast enabled and
nonwebcast enabled lanes might confound our result.
We found this to be unlikely, because almost all buy-
ers who purchased in the webcast lanes also purchased
in the nonwebcast enabled lanes, and vice versa (see
the online appendix for details). We also conducted a
sensitivity analysis (Rosenbaum 2002) to assess how
influential any unobservables would have to be to alter
our conclusion (see below).

Using the matched sample, we fitted the follow-
ing logistic regression model to test the treatment
effect of webcast enablement on whether a vehicle
is arbitraged: logit(probability(Arbitraged; = 1)) = B, +
p1XWebcastEnabled; + ¢ ;. We set Arbitraged; to 1 if vehi-
cle j was arbitraged and 0 otherwise. We set Webcast-
Enabled, to 1 if vehicle j was sold in a webcast enabled
lane and 0 otherwise. We fitted the model on the
matched sample using weighted regression, with the
weights provided by the CEM procedure (see Foot-
note 12). We set a =7 to delineate whether a vehicle was
arbitraged in our focal model, and we varied this for
robustness. We also fitted the model using two alterna-
tive specifications: (a) a rare events logistic regression
model, and (b) a linear probability model of the form

Table 5. Treatment Effects of the Vehicle Being Purchased
on a Webcast Enabled Lane (Panel A) and in the Standalone
Electronic Channel (Panel B) on Whether the Vehicle Is Later
Arbitraged

Panel A. Webcast channel

WebcastEnabled; (B,) —-0.351 (0.137)*

Intercept (B,) —5.494 (0.096)
n 62,837
Log likelihood; )((21) —1,425;6.55™

Panel B. Standalone electronic market

StandaloneElectronicMarket; (B;) 0.644 (0.102)*

Intercept (B,) —5.596 (0.075)
n 83,611
Log likelihood; )((21) -2,416;39.61™

Notes. The dependent variable is the probability that the vehicle is
later arbitraged. Model estimated via logistic regression. Standard
errors are in parentheses.

*p <0.05;"p <0.01; **p <0.001.

Arbitraged; = B, + pyXWebcastEnabled; + ¢;. Results are
virtually identical to those we report. In other unre-
ported analysis, we estimated the model after adding
Valuutionj, Mz'leagej, SellerPctArbitmgedj, SaleDatej, and
indicator variables for each FacilityID; as explanatory
variables. These variables are already accounted for
via the matching procedure, and their inclusion has no
substantive effect on the WebcastEnabled; coefficient.

Panel A of Table 5 shows the results. The treat-
ment effect of webcast enablement is captured by §;.
The effect is negative and significant; treated vehicles
(i.e., those sold in webcast enabled lanes) were 29%-—
39% less likely to be arbitraged than were control vehi-
cles, depending on the value of a."”” This indicates
that the webcast channel reduced the number of spa-
tial arbitrage transactions. We also tested the effect
of the webcast channel using McNemar’s (1947) test.
Because this test requires matched pairs, we restricted
the matched sample to only those strata that contained
one treated and one control vehicle (n = 11,873 strata).
For each of the matched pairs, one of four outcomes
is possible: (a) both the control and the treated vehicle
were arbitraged (7 =1 in our case), (b) only the con-
trol vehicle was arbitraged (1 =77), (c) only the treated
vehicle was arbitraged (n = 52), and (d) neither vehi-
cle was arbitraged (n = 11,743). McNemar’s (1947) test
examines whether the probabilities for the (b) and (c)
outcomes differ. As above, treated vehicles were sig-
nificantly less likely to be arbitraged than were control
vehicles ( )((21) =4.84; p < 0.05). The percentage decrease
between (b) and (c) is 32%, similar to the effect size
from the main model.

We examined how sensitive our results might be to
the possibility that unobserved variables cause vehi-
cles that are likely to be arbitraged to be offered in
nonwebcast enabled lanes. If that were the case, then
the effect we observe might be attributable to these
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Table 6. Descriptive Statistics for Treated and Control Observations for Testing the Effect of the Standalone Electronic Market,

Before and After Matching

n: Treated n: Control Mean: Treated Mean: Control Difference in means

Variable n: Strata vehicles vehicles vehicles vehicles (t-stat)
Panel A. Before matching
Valuation n/a 723,637 27,478,654 17,324.16 10,715.69 6,608.46  (519.39)
Mileage n/a 723,637 27,478,654 39,916.42 66,065.39 -26,148.97  (—423.81)
SellerPctArbitraged n/a 723,637 27,478,654 0.0054 0.0062 —0.0007 (30.19)
DayOfWeek n/a 723,637 27,478,654 2.82 3.09 -0.27  (-219.81)
Panel B. After matching

Valuation 26,937 29,612 53,999 14,650.68 14,650.73 -0.04  (0.047)
Mileage 26,937 29,612 53,999 24,936.70 24,939.47 -2.76  (1.22)
SellerPct Arbitraged 26,937 29,612 53,999 0.00560 0.00563 —0.00003 (-2.17)
DayOfWeek 26,937 29,612 53,999 3.05 2.70 0.35  (40.00)

Note. Observations are from 2005 to 2010.

unobservables instead of the webcast channel. We ran
a sensitivity analysis based on McNemar’s (1947) test
to see how influential these unobservables would have
to be to alter our conclusion (see Rosenbaum 2002, Sec-
tion 4.3.2 for details on this procedure). To attribute the
higher rate of arbitrage in nonwebcast enabled lanes to
unobservables, the unobservables would need to (a) be
a near perfect predictor of arbitrage, and (b) produce
a 17% increase in the odds of a vehicle being offered
in a nonwebcast enabled lane (i.e., I' =1.17 in sensi-
tivity analysis notation). Although there is no consen-
sus about the appropriate size for I' in social science
research, I'=1.2 is average (Sen 2014)."

5.2.2. Testing the Effect of the Standalone Electronic
Market. To examine the effect of the standalone elec-
tronic market on spatial arbitrage, we used a similar
matching procedure as above, with one major change.
We considered vehicles sold in the standalone elec-
tronic market to be potential treated vehicles, with
vehicles sold in the physical market—regardless of
whether they were sold in a webcast enabled lane—as
potential control vehicles. We ran the matching proce-
dure using the data from January 1, 2005, to Decem-
ber 31, 2010, given minimal transaction volume in
the standalone electronic market prior to 2005. The
matching procedure yielded 26,937 strata consisting of
83,611 vehicles: 29,612 treated vehicles and 53,999 con-
trol vehicles. The balance between treated and control
observations was good except for DayOfWeek (Table 6).
For robustness, we assessed whether the imbalance for
DayOfWeek affected our results by exact matching on
observations with the same DayOfWeek. These results
are consistent with those we report below. Our regres-
sion specifications were identical to those for analyzing
the effect of the webcast channel, except we replaced
WebcastEnabled; with StandaloneElectronicMarket;.
Results of the logistic regression model appear
in panel B of Table 5; results of the other models
are virtually identical. The S, coefficient is positive

and significant. Vehicles purchased in the standalone
electronic market are 55%-117% more likely to be
arbitraged than vehicles in the physical market, de-
pending on the value of a. We also tested the effect
of the standalone electronic market using McNemar’s
(1947) test, as above. In this test, the “both arbitraged”
outcome has n =2 observations, the “control arbi-
traged, treated not” outcome has n =64, the “treated
arbitraged, control not” outcome has n =117, and the
“both not” outcome has n =15,906. Treated vehicles
were significantly more likely to be arbitraged than
were control vehicles ()((21) =15.52; p <0.01); the per-
centage increase is approximately 83%.

Sellers decide whether to offer vehicles in the stan-
dalone electronic market or the physical market, and
they also decide what prices to accept. If unobserved
factors influence these decisions and whether a vehi-
cle is likely to be arbitraged, then our result could
be biased. One possibility is that sellers accept below-
market prices for vehicles in the standalone electronic
market (i.e., they “dump” vehicles for less than they
are worth), which would create arbitrage opportuni-
ties. This does not appear to be the case (on average),
because the Price/Valuation ratio is significantly higher
for vehicles sold in the standalone electronic market
than in the physical market (101% to 99%; p < 0.01;
see Overby and Mitra (2014) for more on this discrep-
ancy). Another possibility is that sellers offer in the
standalone electronic market vehicles with unobserved
vehicle characteristics that are correlated with arbi-
trage. For this to be true, sellers would have to (a) know
which unobservables are correlated with arbitrage,
(b) identify vehicles that have these unobservables, and
(c) offer these vehicles consistently on the standalone
electronic market and not in the physical market. For
the reasons described in Section 5.2.1, we believe this to
be unlikely. In addition, we assessed how sensitive our
results are to the possibility that unobserved variables
cause vehicles that are inherently likely to be arbitraged
to be offered in the standalone electronic market (as
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above). To attribute the higher rate of arbitrage in the
standalone electronic market to these unobservables,
they would need to predict arbitrage almost perfectly,
and they would need to produce more than a 48%
increase in the odds of a vehicle being offered in the
standalone electronic market (I'=1.49). Also, see the
online appendix for a discussion of why buyer hetero-
geneity is unlikely to confound our conclusion.

Overall, H2 is supported. The two forms of electronic
commerce have different effects on the number of spa-
tial arbitrage transactions, with the form of electronic
commerce that supports transaction immediacy (the
standalone electronic market) having a more positive
effect.

5.2.3. Analysis of the Mechanisms Behind the Effects
of the Two Electronic Channels. Our theory suggests
that the expanded reach that electronic commerce pro-
vides should reduce arbitrage opportunities by help-
ing remotely located buyers—who might otherwise be
potential “downstream” customers for arbitrageurs—
purchase vehicles directly from source locations. Our
theory also suggests that expanded reach should help
arbitrageurs identify and exploit otherwise hidden
arbitrage opportunities. It also suggests that arbi-
trageurs should leverage transaction immediacy to
exploit arbitrage opportunities originating in the stan-
dalone electronic market. Whether these mechanisms
increase or decrease the number of arbitrage transac-
tions depends on whether the opportunity reduction
effect outpaces the opportunity exploitation effect.

To explore this for the webcast channel, we first
confirmed that the webcast channel led to expanded
buyer reach. We used the matched sample and the
regression specifications from Section 5.2.1 to test the
treatment effect of a vehicle being offered in a web-
cast enabled lane on the likelihood of its being pur-
chased by a remotely located buyer (RemoteBuyer). We
set RemoteBuyer = 1 if the distance between the buyer
and the facility at which the vehicle was located (i.e.,
BuyerDistance; see Table 3) was at least one standard
deviation above the mean (two standard deviations for
robustness). Vehicles purchased from webcast enabled
lanes were 15%—-35% more likely to be purchased by a
remote buyer (p < 0.01), depending on the measure of
“remote.”’® We also tested the treatment effect of the
webcast channel on vehicle price (Price), finding a 0.5%
increase (p < 0.01), perhaps due to an increase in the
number of buyers bidding on the vehicles (although
our data do not report the number of bidders). The
RemoteBuyer result could reflect both the opportunity
reduction effect (due to regular buyers purchasing
at remote locations) and the opportunity exploitation
effect (due to arbitrageurs finding vehicles in remote
locations that can be profitably arbitraged). Yet the

Price result should pertain only to opportunity reduc-
tion because it increases the arbitrageurs’ cost of sourc-
ing vehicles. The opportunity reduction effect seems to
outpace the opportunity exploitation effect, generating
the negative effect of the webcast channel on spatial
arbitrage transactions.

We used an analogous procedure to test the effects
of the standalone electronic market on RemoteBuyer
and Price. Results are similar; vehicles purchased
in the standalone electronic market were 72%-83%
(p <0.01) more likely to be purchased by a remote
buyer (depending on the measure of “remote”) and
had 1.1% higher prices (p <0.01). A key difference
between the webcast channel and the standalone elec-
tronic market is that the latter provides transaction
immediacy, which should help arbitrageurs identify
and exploit arbitrage opportunities (see Section 4.1). If
this is happening, then we should see arbitrageurs pur-
chasing undervalued vehicles in the standalone elec-
tronic market very soon after they are listed there. To
explore this, we obtained supplemental data that con-
tained additional variables for 55% (n =337,295) of the
transactions that occurred in the standalone electronic
market between 2007 and 2010.'® We used two vari-
ables in particular: the date the vehicle was listed on the
standalone electronic market (ListingDate) and whether
a vehicle was purchased via auction (either before
or after the reserve price was met) or via Buy Now
(TransactionType). Using the supplemental data, we cal-
culated DaysToSale as the number of days between
a vehicle’s ListingDate and SaleDate. We also calcu-
lated PriceValRatio as the ratio of a vehicle’s Price to its
Valuation. We computed the means of PriceValRatio and
DaysToSale, in aggregate and by TransactionType, for all
transactions and for only those that were spatially arbi-
traged (n =1,967). Results appear in Table 7.

Consistent with our theory, arbitrageurs used the
standalone electronic market to purchase underval-
ued vehicles more successfully than did regular buy-
ers: the mean PriceValRatio paid by arbitrageurs was
95%, whereas the overall mean was 101% (the dif-
ference is significant at p < 0.01). Also, arbitrageurs
purchased vehicles very soon after they were listed:
arbitrageurs waited only 0.81 days (on average), which
is less than half the overall average of 1.76 days (the
difference is significant at p < 0.01). The time between
listing and purchase for arbitrageurs was particularly
short for Buy Now transactions and for auction trans-
actions that occurred before the reserve price was met.
This supports our theory that arbitrageurs use the
standalone electronic market to scan for vehicles with
undervalued Buy Now prices, leveraging the market’s
transaction immediacy to purchase them quickly. It
also suggests that arbitrageurs are quick to register
“low-ball” bids for vehicles that—if accepted—Iead to
profitable arbitrage opportunities. Although many of
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Table 7. Statistics for PriceValRatio and DaysToSale in the
Supplemental Data

Panel A. All  Panel B. Arbitrage
transactions transactions
Mean Mean

n (st.dev.) = (st. dev.)

PriceValRatio:
All transactions
—Buy now transactions
—Auction transactions
(above hidden reserve price)
—Auction transactions
(below hidden reserve price)
DaysToSale:
All transactions
—Buy now transactions
—Auction transactions
(above hidden reserve price)
—Auction transactions
(below hidden reserve price)

337,295 1.01 (0.17) 1,967 0.95 (0.13)

195,062 1.02 (0.18) 1,059 0.96 (0.14)
119,732 1.01 (0.15) 690 0.96 (0.11)

22,501 0.97 (0.14) 218 0.92 (0.10)
337,295 1.76 (2.85) 1,967 0.81 (1.87)

195,062 1.91 (3.36) 1,059 0.76 (2.13)
119,732 1.69 (1.81) 690 0.96 (1.57)

22,501 0.85 (2.25) 218 0.61 (1.27)

these bids are likely beaten, some sellers accept them,
perhaps because they represent a quick way to sell
a vehicle. Neither of these behaviors is available to
an arbitrageur when sourcing vehicles in the phys-
ical market, regardless of whether he is participat-
ing via webcast or physically. We examined whether
these undervalued vehicles purchased via the stan-
dalone electronic market were particularly likely to be
arbitraged. As shown in Table 8, undervalued vehi-
cles (i.e., those for which PriceValRatio < 1) were more

Table 8. Percentage of Vehicles Arbitraged from 2007 to
2010, By TransactionType and Degree to Which the Vehicle
Was Undervalued Relative to Its Valuation

Standalone electronic
market transactions (%)

Auction: Auction:
Buy Above  Below All
now reserve reserve transactions (%)

All vehicles 0.54 0.58 0.97 0.58
Undervalued vehicles
(a) Vehicles with 1.04 1.01 1.30 0.91
PriceValRatio < 1
(b) Vehicles with 1.18 1.06 1.32 0.94
PriceValRatio < 0.99
(c) Vehicles with 1.68 1.48 1.75 1.04
PriceValRatio < 0.95

Notes. Statistics for standalone electronic market transactions are
from the supplemental data described in the text. Statistics are based
on the 2007 to 2010 time period to correspond to the supplemental
data. All percentages for “All Vehicles” are different (p < 0.10) except
for those for (1) “All Transactions” and “Auction: Above Reserve”
and (2) “Buy Now” and “Auction: Above Reserve”. All percentages
for “Undervalued Vehicles” are different (p < 0.10) except for those
for (1) “Buy Now” and “Auction: Above Reserve” in row a, (2) “Buy
Now” and “Auction: Below Reserve” in rows (b) and (c), and (3)
“Auction: Above Reserve” and “Auction: Below Reserve” in row (c).

likely to be arbitraged than were overvalued vehicles
(as one would expect), with this being particularly true
for vehicles purchased via Buy Now and for below
their auction reserve price in the standalone electronic
market."”

We also estimated the profit for each arbitrage trans-
action using the formula noted in Section 5.1. The
average arbitrage profit is $781 (st. dev. $1,030) when
the vehicle was sourced from the standalone elec-
tronic market and $672 (st. dev. $710) when the vehi-
cle was sourced from the physical market via either
the traditional physical channel or the webcast chan-
nel (this difference is significant at p < 0.01). Also, the
percentage of arbitrage transactions that were prof-
itable is higher for vehicles sourced in the standalone
electronic market (91.6% versus 88.6%; p < 0.01). The
overall pattern of results suggests that the arbitrage
opportunity exploitation effect is stronger in the stan-
dalone electronic market than in the webcast channel
because the former supports transaction immediacy.
As a result, the opportunity exploitation effect seems
to outpace the opportunity reduction effect in the stan-
dalone electronic market, generating the positive effect
of the standalone electronic market on spatial arbitrage
transactions.

5.3. Testing H3 and H4: Factors That Affect
Arbitrageur Behavior of Where to Source
Products

We used a discrete choice model to study how arbi-

trageurs choose where to source vehicles. Fitting a

choice model requires the researcher to define the

set of alternatives available to the decision maker

(referred to as the choice set) and to specify a utility

function for each alternative (Train 2009). We observe

the facility at which arbitrageur i on day ¢ sourced

a vehicle(s) that he later arbitraged; this is the “cho-

sen” alternative in each choice set. We defined the

“nonchosen” alternatives in the choice set as those

facilities other than the chosen facility: (a) that were

open on day ¢, and (b) at which arbitrageur i made a

purchase during the sample period. We modeled the

utility of each facility k to arbitrageur i at time ¢ as

Uy = Pox + 1 X PctOfferedWebcast,, + p, x Distance;, +

B3 X Distance;;, X NearbyFacilities, + B, X Supply,, + 5 X

Supplyit +Be X PctSold,; _30)+ B7 X PctSoldLowPricey;_z0) +

Bs x GeoPriceDispersion, s, + €;,. We describe the

explanatory variables in the utility function in Table 9.

We included PctSoldLowPricey;_sy and GeoPrice-
Dispersion,;_s, to test arbitrageur preferences for facil-
ities at which a high percentage of vehicles recently
sold for low prices and at which prices for the vehicles
recently offered varied widely across facilities (H3A
and H3B). We included Distance;, to test arbitrageur
preferences for facilities close to them (H4A). We tested

H4B (that arbitrageurs prefer facilities that are rela-

tively difficult for other traders to access) in two ways.
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Table 9. Variables Used in the Discrete Choice Model of Where Arbitrageurs Source Vehicles

Variable

Description

Mean (st. dev.)

PctOffered Webcast,,
day t.
Distance;,
NearbyFacilities;
Supplyy,

PetSoldy; s,
sold.

PctSoldLow Price®,

k(t-30)
less than 90% of their Valuation.

GeoPriceDispersion;;_s

The percentage of vehicles at facility k that were offered in webcast enabled lanes on

The distance in miles between the zip codes of arbitrageur i and facility k.
The number of facilities within 350 miles of facility k. 20 (8)
The number of vehicles offered at facility k on day ¢.

The percentage of vehicles offered at facility k in the 30 days prior to day ¢ that were

The percentage of vehicles sold at facility k in the 30 days prior to day ¢ that sold for

The average geographic price dispersion of the vehicles offered at facility k in the 30

0.62 (0.41)

535.23 (528.18)

783.40 (765.07)
0.61 (0.12)

0.20 (0.10)

1,537.77 (242.00)

days prior to day t. We measured this as follows. First, for each vehicle offered at
facility k on day ¢, we created a list of all facilities at which vehicles of the same
year/model were purchased in the 30 days prior to day t. Second, we calculated
the average price for those vehicles at each facility. Third, we took the standard
deviation of these average prices across facilities. This gave us a measure of how
much the price of each vehicle offered at facility k on day t varied across facilities.
Fourth, we averaged these measures for all vehicles offered at facility k on day f.

*We also ran the model using 100, 200, and 700 mile thresholds to define NearbyFacilities,. Results are similar.
"We also ran the model using 80% and 85% thresholds to define PctSoldLowPrice;, sy . Results are similar.

First, we interacted Distance; with NearbyFacilities,,
reasoning that facilities located near other facilities are
relatively easy for other traders to access, given that
the location of the facilities closely matches the popula-
tion density of the United States.'® Second, we included
PctOfferedWebcast,,, reasoning that the more the vehi-
cles at a facility are available via webcast, the more
accessible (electronically) that facility is to traders.
Furthermore, including PctOfferedWebcast,, allowed us
to test whether arbitrageurs prefer sourcing vehicles
at facilities at which the webcast channel has been
deployed only minimally or not at all, which one might
expect given the negative effect of the webcast channel
on spatial arbitrage transactions shown in Section 5.2.1.
We included Supply,,, Supply;,, and PctSold,, 5 to
account for the role of facility size and liquidity. We
used 30-day lagged variables (noted by the f — 30
subscript) for PctSold,;_sq, PctSoldLowPricey; s, and
GeoPriceDispersion,_s, because the contemporaneous
values of these variables are unknown to arbitrageurs
when they choose the facility at which to purchase.
We used contemporaneous variables for the other
variables because arbitrageurs already know them
(e.g., Distance;,) or can calculate them based on the
presale list posted in advance on the intermediary’s
website. We included alternative-specific constants to
capture the latent utility (i.e., the fixed effect) of each
facility k (represented as the f,, term) and fitted
the model using the multinomial logit specification.
Results appear in Table 10.

H3A is supported; the coefficient for PctSoldLow-
Pricey;_5) is positive and significant. We used the
model estimates to simulate the size (i.e., practical
significance) of this effect as follows. We simulated

the percentage change in the number of times arbi-
trageur i chose facility k when PctSoldLowPrice;_zy =
10% versus 30% (i.e., one standard deviation below
and above the mean). We did this for each facility.
On average, this increased the probability of choosing
a facility by approximately 20%. H3B is not supported;
the coefficient for GeoPriceDispersion;_sj is positive
(as posited) but insignificant. We explore this further
in the online appendix. H4A is supported; the coef-
ficient for Distance;, is negative and significant. We
simulated the size of the Distance;;, effect by estimat-
ing the percentage change in the number of times an

Table 10. Results of the Discrete Choice Model of Where
Arbitrageurs Source Vehicles

Coefficient (std. error)

PctOfferedWebcasty, (B,)
Distance;. ()

Distance; X NearbyFacilities, ( f3)
Supplyy ()

Supply;, (Bs)

PetSoldy, ) (Bs)
PctSoldLowPricey; s (B7)
GeoPriceDispersion;_sg (Bs)

~0.3420 (0.0225)
~0.5025 (0.0322)"
~0.0383 (0.0017)"™
3.5414 (0.0217)™
~0.5477 (0.0054)™
~2.1817 (0.0606)"
1.0042 (0.1072)™
0.0041 (0.1030)

Alternative specific constants Included

Number of alternatives per 2,59,48
choice set (min, mean, max)

n (total number of choices) 698,057

Log likelihood -115,480

Notes. The number of days used to delineate spatial arbitrage («) is
set to seven in this analysis. Results are consistent for a« =5, o =14,
and a = 28. Standard errors are in parentheses. To ensure that coef-
ficients are of similar magnitude for reporting purposes we divided
Supplyy,, Distance;,, and GeoPriceDispersion;; s by 1,000.

*p <0.05;"p < 0.01; **p < 0.001.
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arbitrageur chose facility k when Distance;, = 250 ver-
sus when Distance;, = 750, with NearbyFacilities, set at
its mean, which is 20. The increased distance reduced
the probability of choosing a facility by 21%. H4 is
also supported; the interaction between Distance;, and
NearbyFacilities, is negative and significant. This shows
that if two facilities are equidistant, the arbitrageur
will prefer the one that is more isolated. To exam-
ine the effect of NearbyFacilities,, we set Distance;, at
its mean and ran the simulations with NearbyFacilities,
set to 12 and 28. This increased density (and greater
accessibility) reduced the probability of choosing the
facility by 14%. The negative and significant coeffi-
cient for PctOfferedWebcast,, also provides support for
H4B, along with corroborating our earlier results about
the effect of the webcast channel. To examine the size
of this effect, we ran the simulations with PctOffered-
Webcast,, = 24% and PctOfferedWebcast,, =71%, which
are the mean values for this variable in 2003 and
2004 (and represent close to a one standard deviation
increase). This reduced the probability that an arbi-
trageur would choose the facility by 13%. The supply
of vehicles (i.e., Supply,,) has a positive effect. This may
be because a large supply increases an arbitrageur’s
chance of finding undervalued vehicles. This relation-
ship is concave (i.e., Supply;, has a negative effect),
but the inflection point does not occur until Supply,, =
2,532, which is more than two standard deviations
above the mean (note that we scaled Supply,, by divid-
ing by 1,000; see Table 10). Arbitrageurs also prefer to
source at facilities at which recent sales percentages
have been low (PctSold,;_s is negative), i.e., those that
have been relatively illiquid.

6. Conclusion

Markets can improve social welfare, but the degree
to which they generate this benefit depends on the
degree to which buyers and sellers match efficiently
across geographic distance. Electronic commerce can
help buyers and sellers match across distance by mak-
ing it easier for them to find and transact with trading
partners in remote locations. We examined the effect of
two distinct forms of electronic commerce on market
efficiency as measured by the existence and exploita-
tion of spatial arbitrage opportunities.

6.1. Contributions and Summary of Findings

We make three main contributions. Our first contri-
bution is that we measure market efficiency via the
existence and exploitation of spatial arbitrage oppor-
tunities rather than via price dispersion. The spa-
tial arbitrage measure has several advantages over
price dispersion for markets in which trading is geo-
graphically distributed. First, it inherently accounts
for the transaction costs of moving products between
locations. If these transaction costs are lower than

the price difference between locations (i.e., if sup-
ply and demand are inefficiently distributed), then
arbitrage will occur. If not, it will not. Second, the
spatial arbitrage measure accounts for unobserved
product heterogeneity because the same product is
traded at both the source and destination locations.
Unobserved product heterogeneity can confound the
price dispersion measure if the products whose prices
are being compared across locations differ because
of unobserved quality differences. Third, the spa-
tial arbitrage measure is based on the micro-level
behavior of the agents—the arbitrageurs—who are
most aware of whether buyers and sellers are match-
ing efficiently across geography. Thus, arbitrageur
behavior provides a direct window into a market’s
level of efficiency. A potential drawback to the spa-
tial arbitrage measure is that arbitrage transactions
are difficult to observe. Using spatial arbitrage as
the measure requires unique (and consistent) iden-
tifiers for individual products, traders, and market
locations. Although such data are relatively elusive,
they are becoming more common as trading activ-
ity increasingly moves online and item-level tracking
becomes more widely adopted (e.g., see the Live-
stock Identification System in Australia; http://www
.dpinsw.gov.au/agriculture/livestock/nlis.

Our second contribution is that we study two distinct
forms of electronic commerce. This helps us under-
stand the theoretical mechanisms through which elec-
tronic commerce affects market efficiency, and it helps
us develop a more nuanced and complete understand-
ing of how electronic commerce affects market effi-
ciency than has been previously shown empirically (to
our knowledge). Both forms of electronic commerce—
the webcast channel and the standalone electronic
market—provide expanded reach. This should reduce
spatial arbitrage opportunities by helping regular buy-
ers purchase directly from source locations (thereby
disintermediating arbitrageurs) while simultaneously
improving arbitrageurs’ ability to find and exploit
arbitrage opportunities that he might otherwise miss.
Yet only the standalone electronic market provides
transaction immediacy, which should further enhance
arbitrageurs’ ability to find and exploit arbitrage
opportunities before they dissipate. Our results reveal
this nuanced effect: electronic commerce reduces arbi-
trage opportunities, but it improves arbitrageurs’ abil-
ity to find and exploit those that remain. This shows
that electronic commerce improves market efficiency
in two ways. First, electronic commerce helps buyers
and sellers trade across distance, thereby balancing
supply/demand across geographic locations (as has
been shown in prior research). Second, electronic com-
merce improves arbitrageurs’ ability to identify and
exploit remaining supply/demand imbalances, which
rebalances supply and demand and restores efficiency
(which has not been shown in prior research). Only one
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of the forms of electronic commerce in our study sup-
ports transaction immediacy, and we used this varia-
tion to disentangle how electronic commerce improves
arbitrageurs’ ability to exploit (and thereby correct)
supply/demand imbalances. If both forms supported
transaction immediacy (hypothetically), then efficiency
would likely have been further improved.

Our third contribution is that we document several
novel findings about arbitrage and how arbitrageurs
behave. This is important because despite arbitrage’s
central place within economic theory, data limitations
have made arbitrage transactions notoriously difficult
to observe. As a result, a key mechanism in economic
theory about efficient markets has been left largely
unexamined; we have either taken it on faith or mea-
sured it indirectly. We overcome this by using highly
granular data to measure spatial arbitrage at a transac-
tion level, which allows us to document new insights
about how arbitrageurs behave. Among other findings,
we find that arbitrageurs prefer to source vehicles at
locations that are relatively difficult for other market
traders to access (both physically and electronically),
likely because these locations are isolated from the rest
of the market.

This study has several managerial implications. First,
it is relevant for spatial arbitrageurs, because it illus-
trates how their business model is being impacted by
the diffusion of electronic commerce. Although elec-
tronic commerce provides tools to make it easier for
arbitrageurs to find and exploit arbitrage opportu-
nities, it also reduces the number of opportunities.
Thus, arbitrageurs should continuously increase the
sophistication with which they identify and exploit
market inefficiencies to maintain their profits. Sec-
ond, the study has implications for sellers in spa-
tially distributed markets who must choose where to
sell their products. In inefficient markets—i.e., those
in which supply and demand are imbalanced—this
is a very important decision because prices may vary
significantly across geography. However, as markets
become more efficient through electronic commerce,
these distribution decisions become less important,
allowing sellers to allocate resources to other tasks.
Third, the study has implications for market interme-
diaries who provide trading platforms. When spatial
arbitrage occurs, two transactions are needed for a
product to get from the seller at the source location
to the buyer at the destination location. If the buyer
and seller transact directly, then only one transaction is
needed. Intermediaries who charge fees for each trans-
action might lose revenue as spatial arbitrage becomes
less prevalent.

6.2. Limitations and Future Research

A limitation of our analysis is that it is specific to
the wholesale used vehicle industry. However, well-
functioning automotive markets are important in their

own right, given the surprisingly large impact that the
automotive industry has on the overall U.S. economy."
This importance is reflected in several academic stud-
ies focused on the industry (e.g., Dimoka et al. 2012).
Testing whether the results hold for other industries
represents an opportunity for future research. Another
limitation of our analysis is that many of the results are
based on matching estimation in a quasi-natural exper-
imental setting. We have matched on many important
variables, including market facility, sale date, vehi-
cle year, make, model, mileage, valuation, seller type,
and the probability that a seller’s vehicles are arbi-
traged. However, we cannot rule out the possibility
that unobserved variables might confound our conclu-
sions, although we have conducted sensitivity analyses
to assess how influential these unobservables would
need to be. Another limitation is that although we are
able to observe spatial arbitrage transactions with a
high level of precision, the precision is imperfect. It
is possible that we have misclassified spatial arbitrage
instances, although our results are robust to different
measures. Last, space and scope limitations preclude
us from examining other research questions, such as
how arbitrageurs choose between the physical mar-
ket and the standalone electronic market when sourc-
ing vehicles for arbitrage and/or when selling vehicles
to complete arbitrage transactions. This represents an
opportunity for future research.
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Endnotes

1To limit definitional confusion, we do not consider instances in
which buyers (sellers) eschew buying (selling) at one location in
favor of another because of price differences to be “arbitrage,” even
though some authors use the term that way (e.g., Jensen 2007). This
is because arbitrage, as we define it and as is consistent with the text-
book definition (Sharpe et al. 1995, p. 1001), requires both a purchase
and a sale.

2For example, assume that price dispersion between two locations
over a four-year period is 20, 19, 18, and 17. This decline could be
due to improved efficiency. Yet it could also be due to an annual
one-unit reduction in the costs of transporting products between
locations—with efficiency remaining unchanged, or, if transport
costs are reduced by two units annually, then efficiency could actu-
ally be decreasing.

3We include the word “typically” because it is possible for an elec-
tronic commerce system to only allow transactions to be conducted
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at certain times. One of the electronic channels that we study oper-
ates this way.

4We estimated the webcast implementation date for each lane/
facility combination (i.e., lane 1 in Las Vegas, lane 2 in Las Vegas,
etc.) as follows. The data denote whether a vehicle sold in the phys-
ical market was purchased by a buyer using the traditional physical
channel or the webcast channel. For each lane/facility combination,
we recorded the date of the first webcast purchase and used that as
the webcast implementation date for that lane/facility. We consid-
ered all vehicles offered in that lane/facility from that date forward
to be available via webcast. We used this to determine whether any
given vehicle was available via webcast. Because there could be a lag
between webcast implementation and the date of the first webcast
purchase for a lane, we reran our analysis after adjusting the webcast
implementation date by subtracting one week, three weeks, and six
weeks. This does not affect our results.

5The channels provide expanded reach because they lower search
costs. The webcast channel reduces search costs by letting buyers
“look in” on and participate in auctions occurring across the coun-
try. This lowers buyers’ cost of searching for and acquiring vehicle
and price information across facilities. The webcast channel reduces
buyers’ search costs by aggregating vehicle listings from across the
country in a single place.

6See the online appendix. for a description of how we estimated
transport costs. Other potential transaction costs involved in spatial
arbitrage include taxes and the cost of capital. Taxes are not relevant
because dealers do not pay taxes when purchasing vehicles in the
wholesale market (tax is collected on retail transactions). The cost of
capital is relevant if arbitrageurs purchase vehicles using debt (e.g.,
a line of credit) and must pay interest until they retire the debt.
This cost is negligible for our analysis because the arbitrageurs hold
vehicles for a very short time (no more than seven days in our focal
analysis); i.e., there is little time for interest to accrue.

"This approach assumes that moving a matched vehicle from the
source facility to the destination facility would not change the esti-
mated price at the destination facility. This is questionable, because
the additional supply at the destination facility would likely lower
prices. This will cause our estimates of the number of arbitrage
opportunities to be biased upward. However, this bias will be consis-
tent across all eight years of our sample. Given this consistency, the
year-over-year decline shown in Figure 3 can still be interpreted as
a decline in the number of arbitrage opportunities. Any other form
of mismeasurement that exists across years will also not affect our
conclusion.

8To verify that the declines shown in panels A and B of Figure 3
are not artifacts of a decline in overall transaction volume, we also
calculated the time series for the percentages of arbitrage opportu-
nities and arbitrage transactions relative to total market transactions.
These time series mirrored those shown in panels A and B of Figure 3
(p=0.99 and p =0.98).

9The reduction in arbitrage transactions (panel B of Figure 3) sug-
gests that the (negative) opportunity reduction effect of electronic
commerce dominates the (positive) opportunity exploitation effect
overall.

10 As support for this, we calculated the following for the first quar-
ter of 2003: (a) the number of vehicles of each Year/Make/Model sold
in webcast enabled lanes (4 = 5.4, 0 =42.1), (b) the number of vehi-
cles of each Year/Make/Model sold overall (u = 156.4, ¢ = 601.8), and
(c) the number of facilities at which vehicles of each Year/Make/Model
were sold (u =22.7, ¢ =23.4). We regressed (a) on (b) and (c). The
coefficient for (c) was —0.09 (t = —4.90), such that a one standard
deviation increase in the number of facilities at which a vehicle was
sold was associated with a 39% decrease in the number of vehicles
sold in webcast enabled lanes. We are also aware of the procedure
by which vehicles were assigned to webcast enabled lanes because

one of the authors consulted with the intermediary on the initial
implementation of the webcast channel.

" Because SellerPctArbitraged < 0.004 for over half of the observa-
tions, we further coarsened the 0 to 0.1 bin into the following bins:
0 to 0.0003, 0.0003 to 0.0006, 0.0006 to 0.0009,...,0.0033 to 0.0036,
0.0036 to 0.004, and 0.004 to 0.1. We also used a single bin for values
between 0.5 and 1, given the rarity of observations with these values.

12CEM temporarily coarsens each chosen variable into bins and exact
matches on those bins, yielding a matched sample of control and
treated observations. CEM then restores the original (noncoarsened)
values of the variables for analysis. The CEM matching procedure
may match an uneven number of control observations to treated
observations. To account for this, CEM generates weights. Using
these weights in an analysis procedure (such as regression) generates
the sample average treatment effect. See Iacus et al. (2012) for details.

3We also used a =5, 14, and 28 days. We obtained the 29%-39%
estimates by exponentiating the f, coefficients and by analyzing the
results of the linear probability model (we divided g, by B, from the
linear probability model).

14No value of T can prove that a matching procedure is or is not
valid. The I variable simply indicates how much of a confounding
influence unobserved variables would have to have to alter a con-
clusion. For the reasons discussed above, we do not believe that
unobserved variables confound our conclusion.

15 This corroborates a similar finding in Overby and Forman (2015).

16 These additional variables were not available before 2007 or for
all transactions between 2007 and 2010. We checked the represen-
tativeness of the transactions for which the variables were available
by comparing vehicles” Mileage, VehicleYear, and Valuation between
these supplemental data and the full set of transactions in the stan-
dalone electronic market between 2007 and 2010. The mean Mileage
for the supplemental data (full data) was 37,457 (39,968), the mean
VehicleYear was 2006.8 (2006.5), and the mean Valuation was 17,625
(17,186). Although these means are statistically different at p <0.01,
the supplemental data appear reasonably representative.

17When all vehicles (undervalued and overvalued) are considered,
the percentage of Buy Now transactions that are arbitraged is slightly
below that for all transactions. Analysis by Overby and Mitra (2014)
provides a likely explanation. They conclude that Buy Now is used
frequently by regular buyers who pay over wholesale market value
to purchase specific vehicles for retail customers, with whom they
have likely already negotiated a retail price. This is consistent with
the mean PriceValRatio for Buy Now transactions being 1.02 (see
Table 7). Our results show that when Buy Now is used for an under-
valued vehicle, that vehicle has a (relatively) high likelihood of being
arbitraged.

8We did not include NearbyFacilities, as a standalone variable be-
cause it is a constant for each facility k and cannot be estimated
separately from each facility’s alternative-specific constant, which is
represented by S, ;.

9In 2012, sales at automobile dealerships represented approxi-
mately 15% of total retail sales in the United States, and dealer-
ship payroll represented approximately 12% of total retail payroll
(National Automobile Dealers Association; https://www.nada.org/
nadadata/).
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