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W e examine the implications of proximity to a physical store in offline–online retail competition where online disutil-
ity costs, which encompasses factors such as trust in the seller, returns, and after-sales support, are important.

Building on classical models, we consider a traditional retailer’s expansion online, benefitting from the physical store’s
presence in serving customers online. Our innovation is to allow online disutility costs to be mitigated if the purchase is
from a dual-channel retailer, defining the mitigation as a function of proximity to the traditional store. Although expan-
sion online is rarely profitable for traditional retailers, the expanded presence increases consumer welfare—which is fur-
ther increased by competition from a pure e-tailer. However, the competition between a pure e-tailer and dual-channel
retailers can lower social welfare: in aggregate consumers may incur greater online disutility costs than transportation costs
to obtain lower prices online. When online disutility costs are high and no pure e-tailer is present, dual-channel retailer
prices and profits, in traditional stores and online, are greater than those where the market only has physical stores and a
pure e-tailer. Furthermore, consumer welfare is lower. Thus, consumers benefit from an expanded presence of traditional
retailers online only when online disutility costs are low enough that mitigation matters. If online disutility costs are low,
then their mitigation can result in higher social welfare in a market with only dual-channel retailers. Similarly, the mitigation
of online disutility costs can result in higher social welfare when dual-channel retailers and a pure e-tailer coexist.
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1. Introduction and Background

Consumers generally believe that a wider selection
of retail stores from which to purchase benefits
them and society—a version of “more is better.”
This is especially true in the electronic retail, or e-
tail, world of commerce where an expanded pres-
ence and greater competition from and between
online stores is commonly viewed as having advan-
tages for consumers. Despite the presence of dual-
channel (traditional and online) retailers in most
industries, there are few results that evaluate the
benefit of having traditional retailers online for con-
sumers and society. Filling this research void is
more important now because physical stores are
increasingly recognized as a critical asset for online
retail operations as rapid changes are taking place

in the overall sector in tandem with technological
shifts. Starting from traditional brick-and-mortar
chains like Walmart to the flagship store of online
retailing, Amazon, many are capitalizing on physical
presence (Wahba 2015, Warner 2016). From the
operations management (OM) perspective, a physi-
cal store through increasing non-digital attributes
such as trust, branding, credibility benefits, and
awareness provides demand enhancement effects
for the online counterparts (Bell et al. 2015) and
facilitate critical after-sales services. Thus, under-
standing the value of physical stores in dual-channel
retailing and how this value varies with distance
between the customer and store in different compet-
itive environments is important.
Our research goal is to determine the effects of the

advent of online stores, the impact of disutility costs
of purchasing online, and the effect of mitigating
those costs where proximity to a traditional store of a
dual-channel retailer reduces the disutility costs of
purchasing online. Our approach is to study competi-
tive market structures we observe in practice: tradi-
tional retailers together with one dominant pure e-
tailer (Balasubramanian 1998), traditional retailers

This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivs
License, which permits use and distribution in any
medium, provided the original work is properly cited, the
use is non-commercial and no modifications or
adaptations are made.

1033

Vol. 28, No. 4, April 2020, pp. 1033–1051 DOI 10.1111/poms.12957
ISSN 1059-1478|EISSN 1937-5956|20|2804|1033 © 2018 The Authors. Production and Operations Management published by

Wiley Periodicals Inc. on behalf of Production and Operations Management Society.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fpoms.12957&domain=pdf&date_stamp=2019-04-01


competing in the online channel, and traditional
retailers also competing in the online channel with a
pure e-tailer. This follows the methodology of posi-
tive economics that involves developing a body of
knowledge about “what is” in contrast to “what ought
to be” (Keynes 1890). Indeed, what is found in prac-
tice is shown in Figure 1 that lists the NAICS 3-digit
subsectors from the retail sector of the economy, omit-
ting gasoline retailers (subsector 447) and non-store
retailers (subsector 454). In the right-hand column, we
list the .com websites of multiple retailers for each sub-
sector. This shows conclusively that in practice multi-
ple traditional retailers competing in the online
channel is common across all retail subsectors.
As the Nobel Laureate Friedman (1953) argues, the

positive economics approach is to develop “a system
of generalizations that can be used to make correct
predictions about the consequences of any changes in
circumstance.” We operationalize this by setting up
and solving for prices, profits, consumer and social
welfare in each competitive market structure, and
then compare them in terms of these measures both
analytically and numerically to address our research
goals. As another Nobel Laureate Maskin (2014)
might define it, we take economic institutions (mea-
sures relating to different market structures), explic-
itly incorporate the phenomenon of interest
(mitigating of online costs based on proximity), and
try to predict what outcomes they will give rise to (ef-
fects of the advent of online stores, impact of online

disutility costs, and the effects of mitigating those
costs from proximity).
Why proximity to a physical store matters: We concep-

tualize and model a vital aspect of dual-channel
retailing—mitigating the disutility of buying online—
in studying goods for which channel and seller char-
acteristics matter in the context of traditional and
online retail competition. The extant literature sug-
gests key components that underlie the disutility of
buying online include trust (Jarvenpaaa et al. 2000,
Stewart 2003) and challenges in post-purchase ser-
vices such as returning the product (Balasubramanian
1998, Forman et al. 2009). Because traditional retail
stores have a physical location to interact with con-
sumers, they dominate online retailers on service,
after-sales support, and trust (Verhoef et al. 2007).
Consequently, access to a traditional retail store of a
dual-channel retailer helps mitigate the costs—reduce
the disutility—of buying online, essentially allowing
the retailer to take advantage of proximity. Not sur-
prisingly, the value of having a physical location close
to consumers is touted regularly in popular media
(e.g., Reich 2014, Rowe 2013).
Trust plays a significant role in consumer decision-

making when buying online (Hoffman et al. 1999).
Accordingly, the traditional store of a dual-channel
retailer enhances consumer trust when they are pur-
chasing online. Using an experiential survey, Jarven-
paaa et al. (2000) found that for trust to exist a
consumer must believe that the seller has both the

NAICS 
Subsector # Name Traditional Retailer Online

441 Motor Vehicle and Parts Dealers kawasaki.com; napaonline.com;  autozone.com

442 Furniture and Home Furnishings Stores ikea.com; ashleyfurniturehomestore.com; 
potterybarn.com; westelm.com

443 Electronics and Appliance Stores bestbuy.com; sears.com; frys.com; radioshack.com

444 Building Material and Garden 
Equipment and Supplies Dealers

homedepot.com; acehardware.com; 
earlmay.com; lowes.com

445 Food and Beverage Stores safeway.com; albertsons.com; binnys.com

446 Health and Personal Care Stores cvs.com; pharmaca.com; walgreens.com

448 Clothing and Clothing Accessories 
Stores

llbean.com; gap.com; nordstrom.com

451 Sporting Goods, Hobby, Musical 
Instrument, and Book Stores

dickssportinggoods.com; cabelas.com; 
samashmusic.com; bestbuy.com;  
barnesandnoble.com; booksamillion.com

452 General Merchandise Stores costco.com; target.com; kmart.com; walmart.com
453 Miscellaneous Store Retailers

petco.com; hallmark.com

Figure 1 Traditional Retailers Online by NAICS Subsector
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ability and motivation to reliably deliver goods of the
quality expected, and this trust is more difficult to
engender for an online store than a traditional retail
store. They speculate that “the presence of a physical
store or the recognition of the merchant’s name might
have an effect on consumer trust in an Internet-based
store” (Jarvenpaaa et al. 2000). This trust is sometimes
referred to as institution-based trust, and is taken to
be higher when an online retailer also does business
in the traditional retail channel. Experimental results
from Stewart (2003) have shown that a connection to a
traditional retail store had a significant positive effect
on intention to buy, suggesting that institutional fac-
tors are important to trusting intentions. Hence, dual-
channel retailers are able to benefit from institution-
based trust because the trust transfers from a tradi-
tional retail store to the online store (Stewart 2003).
The evidence from this research indicates that the tra-
ditional store of a dual-channel retailer provides a dis-
tinct advantage to the retailer’s online counterpart by
mitigating the online disutility cost, while a pure e-
tailer does not enjoy this benefit. For example, most
consumers would recognize and relate Bestbuy.com
with a traditional Bestbuy store and, consequently,
would more comfortably trust and transact with Be
stbuy.com. However, a consumer may not place the
same level of trust in Buy.com, a site that is not associ-
ated with traditional stores.
A critical disadvantage of purchasing online is

problems related to returning a product (Forman
et al. 2009). The challenges online consumers face in
making returns can be substantially reduced by visit-
ing a traditional store of the dual-channel retailer. If
there are post-purchase issues such as minor defects
or complex assemblies, then consumers can drive to
the store and return the product or get satisfactory
service. Indeed, even the option of going to the near-
est traditional retail store gives a consumer peace of
mind and reduces the online disutility cost. Based on
a survey of transaction costs, Liang and Huang (1998)
found that some products are more suitable for selling
online than others, and this depends on the need for
characteristics such as post-purchase service. For
example, Bestbuy.com consumers have the option of
going to a nearby traditional Bestbuy store to talk to
someone in person if there are issues to resolve with
the product purchased online.
Naturally, a consumer’s beliefs about a retailer (for

example, trust or ease of dealing with post purchase
issues) is a function of visiting the store, developing a
sense of the store ambiance and attitude, and interact-
ing with personnel at the store. Accordingly, a tradi-
tional store of the dual-channel retailer may help in
developing or reinforcing these beliefs. Because a con-
sumer’s likelihood of visiting a traditional store
depends on the distance from the store, in modeling

the benefit for a dual-channel retailer it is critical to
account for the distance as well. To illustrate, first
time parents may benefit from talking to knowledge-
able personnel from traditional stores like BabiesRUS
and trying out different products before purchasing.
Even after purchasing, parents may need help with
putting the products together or using them. Cer-
tainly, this type of help cannot always be effectively
rendered without face-to-face interaction, and in this
context distance from the traditional store matters.
It is clear that by offering free returns, e-tailers (d-

ual-channel and pure) try to partially mitigate the
disutility of buying online, and this is evidence that
this disutility exists. However, anecdotal evidence
suggests that offering free returns does not meet/ex-
ceed the value of having a traditional store. For exam-
ple, Warby Parker, the online eyeglasses pioneer,
opened traditional stores in many cities to tackle the
issue of online disutility costs. Amazon is opening col-
lege campus locations where items can be picked up/
returned (e.g., Purdue, UC Davis) and is also consider-
ing opening traditional stores. After all, the free return
shipping does not guarantee that the shipping is free
of issues, a product may get damaged on the way
back. Almost all retailers reserve the right to deter-
mine whether to fully refund a product after receiving
the returned product and inspecting it—whether
online or offline. Returning the product to a physical
store allows consumers to obtain their refund instantly
andmany customers value that certainty.
In sum, the presence of a traditional retail store

nearby mitigates the online disutility cost of purchas-
ing from the online store of the dual-channel retailer,
and this mitigation depends on how far a consumer is
from a traditional store. Brynjolfsson et al. (2009)
empirically demonstrate that having traditional stores
nearby reduces the online demand for popular prod-
ucts, which are likely to be available locally. Similarly,
using data on bookselling Forman et al. (2009) show
that when a local traditional retail store opens, con-
sumers substitute away from online stores, which
implies that the comparison between online disutility
costs and transportation costs matters even for books
which require less face-to-face instruction for use. The
novelty in our work is to formally articulate and
model the mitigation of online disutility costs
and derive insights by comparing consumer welfare
and social welfare between commonly observed retail
market structures. Thus, in examining the impact of
mitigating online disutility costs, we conceptualize an
important component of e-commerce, which plays a
significant role in competition online, and between
online and traditional stores.
Our analysis: We study this retail and e-tail competi-

tion when selling the types of goods for which a sell-
er’s traditional store is valuable to consumers when
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they make purchases online. We specify a model of
how dual-channel retailers, when they also sell online,
mitigate online disutility costs to consumers based on
the consumers’ proximity to the traditional store.
Using this specification, we then formulate and solve
an extension to each of the paradigm analytical mod-
els—Salop’s (1979) “circle around the lake” and Bala-
subramanian’s (1998) “pure e-tailer in the center”—
whereby traditional retailers also sell online so that,
first, the retailers are dual-channel retailers (Salop
model with online stores) and, second, there is compe-
tition online (Balasubramanian model with retailers
selling online). For example, considering the market
for home improvement products, Home Depot and
Lowe’s are the main competitors both in traditional
retail stores and online, which matches our first exten-
sion (Salop model with online stores). The market for
running shoes, on the other hand, has dual-channel
retailers (e.g., Finish Line and Foot Locker) as well as
pure e-tailers (e.g., Zappos.com) (Balasubramanian
model with retailers selling online).
In our models, the tension between a dual-channel

retailer’s expanded presence intensifying competition
and its mitigation of consumers’ online disutility costs
yields surprising results for consumer and social wel-
fare. We find that although expansion online is rarely
profitable for traditional retailers, the expanded pres-
ence increases consumer welfare—which is further
increased by competition from a pure e-tailer. How-
ever, competition from a pure e-tailer and traditional
retailers online can lower social welfare: in aggregate
consumers may incur greater online disutility costs
than transportation costs to obtain lower prices result-
ing from online competition.
When online disutility costs are high and no pure e-

tailer is present, dual-channel retailer prices, and
respective profits, in traditional stores and online are
greater than those where the market only has physical
stores and a pure e-tailer. This is similar to Thomad-
sen (2012) that argues firms may increase prices to
avoid cannibalization. Furthermore, comparing the
Balasubramanian model to the Salop model with
online stores, the mitigation of online disutility costs
is insufficient to offset higher prices and, hence, con-
sumer welfare is also lower.
Compared to the Salop model with online stores,

competition from a pure e-tailer lowers social welfare
as consumers that purchase from the pure e-tailer do
not benefit from mitigation of online disutility costs.
However, if online disutility costs are low, then their
mitigation can result in higher social welfare from the
Salop model with online stores than from the Balasub-
ramanian model. Similarly, the mitigation of online
disutility costs can result in higher social welfare from
the Balasubramanian model with retailers selling
online than the Balasubramanian model. This latter

set of results show the social value of mitigating
online disutility costs.
Our modeling approach builds on conventions that

have been used in related studies. As in the standard
Salop (1979) model and related works (e.g., Balasub-
ramanian 1998, Paul and Pezzino 2011), consumers
are assumed to be informed about prices and the
availability of the product and its characteristics, and
thus the process is not one of product search. In this
standard setup, there are no supply chain effects such
as vertical integration and double marginalization, no
information asymmetry about prices in different retail
channels (see Zhang 2009) or question of product fit
with consumer expectations (see Ofek et al. 2011).
Thus, consumers do not face any fit uncertainties but
all seller specific uncertainties persist. For example, a
consumer may know that they want a Nikon D7200
camera, but a product may arrive damaged, may mal-
function, may have missing parts, etc., or the con-
sumer may need help in operating the camera
properly. The online disutility costs embody these
disutilities faced by consumers buying online. Other
articles have analyzed conditions for market failures
and excessive market provision of differentiated
products (Paul and Pezzino 2011) and established that
dual-channel retailers are an essential outcome in an
equilibrium (Bernstein et al. 2008). Therefore, our
focus is exclusively on retail-level competition and
understanding the role of proximity to a traditional
store in market structures where only dual-channel
retailers are competing, or dual-channel retailers and
pure-etailers are competing.
Our model contains two critical costs. One is the

unit transportation cost associated with consumers
purchasing from a traditional retail store. This unit
cost, and the consequent total transportation cost a
consumer faces, is an exogenous parameter in our
model along with the consumer’s location on the
Salop circle. The other critical cost in our model is the
fixed online disutility cost. When purchasing from an
online store of a traditional retailer, this cost is miti-
gated for consumers proportional to their distance
from the traditional store. Indeed, it is the operation
of a traditional store that reduces the disutility costs
of a given consumer purchasing from the traditional
retailer’s online store. All of our propositions come as
a result of comparing the relationship between these
two critical costs across different retail market struc-
tures. Our numerical illustrations, backed up by our
proofs, effectively vary the online disutility cost and
the mitigation relative to the unit transportation cost.
Perdikaki and Swaminathan (2013) consider con-

sumer search in duopoly retailer competition where
consumers face a traveling cost to and between retail-
ers, and each retailer has a proportion of consumers
that are located closer than to the other retailer. Each
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retailer can invest in enhancing consumer valuation of
purchasing from them, potentially counterbalancing
part of the traveling cost. Using numerical analyses,
they show how with retail competition prices can
decrease with increases in unit costs when retailers
serve their local market. In a model with a setup simi-
lar to ours, Jeffers andNault (2011) consider pure e-tail
entry into the traditional retail channel without
accounting for the mitigation obtained from the store
presence, which makes traditional retailer entry online
infeasible because of zero profit. They find that a pure
e-tailer opening up a traditional store can increase
prices and profits across retailers, and in this way con-
sumers can be better off with less competition.
Balakrishnan et al. (2014) examine showrooming

where traditional stores are used for browsing by con-
sumers that may ultimately purchase online at a
cheaper price. Consumers face a store visit cost to go
to a traditional store, and an e-purchase cost of pur-
chasing online akin to our online disutility cost. In
their model, the e-purchase cost varies across con-
sumers and the store visit cost does not, and there is a
probability and cost of returning a purchase. More-
over, in an extension, they consider a traditional retai-
ler with an online store, but without an advantage
over a pure online retailer, as well as additional store
traffic and product costs. They find that a retailer can
combat showrooming through price, although show-
rooming can occur in equilibrium. Mehra et al.
(2017) analyze price matching, increasing the diffi-
culty of matching products between online and
traditional stores, and charging customers for show-
rooming as three strategies a traditional retailer can
take to counter showrooming. Consumers that eval-
uate products only online may choose a product
with a worse fit being unable to assess non-digital
attributes. Using a Hotelling line to differentiate con-
sumer costs of visiting a traditional store, they find
that price-matching is not an effective strategy for
the traditional retailer, although the other two strate-
gies can increase profits.
Other OM literature slightly further from our

model setting includes Ryan et al. (2012) that studies
whether an online retailer should also sell through an
online marketplace. Sun et al. (2008) shows how an
asymmetric equilibrium can be obtained in a duopoly
if pure e-tailers can choose between an in-stock opera-
tion with an inventory and a stockless operation,
using stocking policy as the basis of differentiation.
Supporting the existence of online disutility costs, Ba
and Johansson (2008) examine how electronic service
delivery affects customer satisfaction and finds that
technological capabilities and processes can improve
service quality and satisfaction.
Our analysis proceeds as follow. First, we briefly

review the Salop (1979) and Balasubramanian (1998)

models, and explain our specification of how a tradi-
tional store can mitigate online disutility costs faced
by consumers when purchasing from a retailer’s
online store. Using a consistent framework, we show
the solutions to the Salop and Balasubramanian mod-
els, and then obtain the similar solutions for the exten-
sions to each of these models when traditional
retailers also sell online. Subsequently, we organize
our results along three broad themes: the effects of the
advent of online stores, the impact of disutility costs
of purchasing online, and the effects of mitigating
these costs through proximity to a traditional store.
We conclude with a discussion of our findings, our
contributions, and implications for future research.

2. Our Model

Salop model: Our model and its variants are based on
the well-known Salop model (Salop 1979) of a circle
around the lake creating a circular spatial market,
which itself is an extension of the Hotelling (1929)
model of horizontal differentiation along a line. Sal-
op’s model has a continuum of consumers, x 2 [0, 1],
spread uniformly around a circle of unit circumfer-
ence. Each consumer is in the market for one unit of
the good, consumption of which yields utility
U 2 Rþ, which we assume is large enough so that
demand is inelastic and retailers compete for the busi-
ness. The inelastic demand means the market is cov-
ered, similar to other related studies (e.g.,
Balasubramanian 1998, Cheng and Nault 2007, Jeffers
and Nault 2011, Liu et al. 2006, Salop 1979, Yoo and
Lee 2011). All transportation occurs along the circle
and is subject to a unit cost of t 2 Rþ. All customers
have access to information regarding prices. Like our
reference models, Salop and Balasubramanian, once
again, there is no product fit uncertainty in our model,
but all seller specific uncertainties remain. The con-
sumers’ objective is to maximize their utility by pur-
chasing from one of the traditional retailers, which,
with inelastic demand, is equivalent to purchasing
from the retailer that minimizes the sum of the trans-
portation cost incurred, t times distance from the
retailer, plus the price paid for the good.
Retailers operate traditional stores selling identical

goods with a marginal cost normalized to zero. Each
retailer is aware of the other’s offering price, and faces
a fixed entry cost f 2 Rþ. This fixed entry cost
together with the unit transportation cost determines
the number of retailers in the market. To make our
analysis more insightful and tractable, we assume
that 4 ≤ t/f < 9 which in the original Salop model
results in an equilibrium with two retailers (Tirole
1988). This particular inequality is scaled by the size
of the circumference, which in turn scales t. We index
these retailers by r 2 {A, B}. In this circular setting,
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each retailer gains by locating as far as possible from
competitors (de Frutos et al. 1999), hence our location
of the two retailers at opposite sides of the circle.
Although we obtain similar qualitative results with n
retailers, expressing the results are more tedious and
less insightful, so we use the two-retailer formulation
in our analyses.
Balasubramanian model: Balasubramanian’s (1998)

model extends the Salop model to include a pure e-
tailer which offers a good identical to that of the tradi-
tional retailers. In Balasubramanian’s model, the pure
e-tailer has equal access to any point on the circumfer-
ence. In Figure 2, the pure e-tailer is located at the cen-
ter of the circle, with a radius distance to each point
on the circumference. As an alternative to purchasing
from one of the traditional stores as in the Salop
model, consumers can purchase from the e-tailer and
incur a fixed online disutility cost plus the price paid
for the good. In line with Balasubramanian (1998), the
fixed online disutility cost, which we denote as
l 2 Rþ, may include shipping and handling costs as
well as disutility costs of purchasing electronically.
These disutility costs may come from the privacy and
security risks of purchasing online, the lack of trust in
an e-tailer’s ability and motivation to reliably deliver
the quality expected, with greater difficulties in get-
ting help with or returning the good should there be
problems post-purchase. Liu et al. (2006) and Yoo
and Lee (2011) also include a fixed online disutility
cost. In this model, the e-tailer has no entry costs.
Our formulation: Our formulation is based on tradi-

tional retailers also selling online, offering identical
goods through both stores. To be consistent with Bala-
subramanian’s model, we take retailers as having no
online entry costs. Consumers that purchase from a
dual-channel retailer online incur the fixed online
disutility cost, plus the price of the good.

Our innovation is that with the existence of tradi-
tional retail stores, when purchasing from dual-chan-
nel retailers online, the disutility cost can be in part
mitigated. The extent of this mitigation depends on
distance from a traditional store as consumer’s likeli-
hood of visiting a traditional store depends on dis-
tance from the store. The disutility is based on a
consumer’s uncertainty about the seller along the
dimensions mentioned in the Introduction: trust, abil-
ity to help with product operation and other post pur-
chase issues. For example, when purchasing from Be
stbuy.com, a consumer who is 30 miles away from a
Bestbuy store has a higher disutility mitigation com-
pared to a consumer who is 60 miles away. This is in
contrast to Yoo and Lee (2011) where fixed online util-
ity costs is uniformly distributed across consumers but
independent of location. In addition, in our equilib-
rium, retailers compete for those consumers that are
closest to them: given prices are symmetric in equilib-
rium, then with a distance cost (through traditional
retail stores) or greater mitigation with proximity (on-
line from dual-channel retailers), consumers cannot be
better off choosing the retailer that is farther away.
Our formulation also allows for a dual-channel retai-

ler to set different prices online and in the traditional
store. This is consistent with many retailers including
Macy’s, whose website specifies (Macy’s 2016): “mac
ys.com and Macy’s stores operate separately. This
means that the products and prices offered at each
may be different.” This is in contrast to Liu et al. (2006)
where traditional store and online prices of a dual-
channel retailer are constrained to be equal.
Our formulation has two separate cases. The first is

two retailers that compete across traditional and
online stores, which is essentially the addition of
online stores to the original Salop model with two
retailers (see Figure 3). The second is two retailers that
compete across traditional and online stores, and a
pure e-tailer, which is essentially the addition of tradi-
tional retailers selling online to the original Balasubra-
manian model (see Figure 4).
Mitigation of disutility costs: To incorporate the miti-

gation of the online disutility costs that the existence
of a traditional retail store brings to consumers, we
define two additional parameters. First is the mar-
ginal drop in mitigation of online disutility costs with
distance, a 2 Rþ, and the second is the maximum
amount of mitigation of online disutility costs, ac
where c 2 Rþ. Thus, if a consumer at distance x from
a traditional store purchases from that retailer’s
online store, her disutility cost of purchasing online is

l� aðc� xÞ ¼ l� acþ ax: ð1Þ
A consumer adjacent to the traditional store faces an
online disutility cost less mitigation of l � ac, and
that cost rises with x by a. Given this cost of distance

Figure 2 Balasubramanian Model — Two Traditional Retailers (A &
B) and One Pure E-Tailer
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cannot be higher than the transportation cost, we have
a < t, and for the mitigation to be positive we have
c > x. Finally, the fixed online disutility cost can never
be completely mitigated, l > ac. For easier reference,
we include these three inequalities below:

ðiÞ a\t; ðiiÞ c[ x; ðiiiÞ l[ ac: ð2Þ
The parameter c is critical in this formulation as the
greater is c, the greater is the advantage of the tradi-
tional retailer’s online store compared with a pure e-
tailer, and if the advantage is large enough then it can
result in zero market share for a pure e-tailer. Given
that there is no theoretical or empirically validated
form for how disutility costs change with distance,
we use the linear form in Equation (1) as it is the sim-
plest form that is compatible with the Salop model.

We denote the traditional retail prices as pr, the
retailer prices online as pre, and the pure e-tailer price
as pe. We use superscripts to denote the models, so
that superscript s is the Salop model, b is the Balasub-
ramanian model, se is our formulation of the Salop
model with both traditional retailers selling online,
and br is our formulation of the Balasubramanian
model with both traditional retailers selling online.

2.1. Model Solutions
Salop model solutions (s): Two retailers offer identical
goods. A consumer at the distance x 2 [0, 1/2] from
retailer r is indifferent between purchasing from
either retailer if pA þ tx ¼ pB þ t½1=2 � x�. Based on
this indifference equation we can determine retailer
A’s market share as mA ¼ 2x ¼ ½pB � pA�=t þ 1=2.
Retailer A’s profit maximization problem is

max
pA

pA ¼ max
pA

pA
pB � pA

t
þ 1

2

� �� �
:

Retailer B has an identical market share and profit
maximization problem. The resulting symmetric
Nash equilibrium price is

psr ¼ t=2; ð3Þ
and there is no asymmetric equilibrium. Each retai-
ler’s market share is 1/2 and profits are psr ¼ t=4. The
maximum distance for any consumer to a retailer is
x = 1/4 and the minimum distance is 0, giving an
average distance of 1/8 so that the total transportation
cost incurred is t/8. The total cost to consumers is the
sum of the retailer profits plus the transportation costs:

xs ¼ 2psr þ t=8 ¼ 5t=8: ð4Þ
The social cost, which accounts for transfers
between consumers and firms, is simply equal to
the transportation cost in the Salop model:

cs ¼ t=8: ð5Þ
Balasubramanian model solutions (b): The pure e-tailer
offers the identical good at an effective price of pe þ l.
The location of a consumer that is indifferent between
purchasing from the e-tailer or a traditional retailer is
determined by the indifference equation pe þ l ¼ pr þ
tx, giving the indifferent consumer’s distance away
from a retailer as x ¼ ½pe � pr þ l�=t. Consumers clo-
ser to a given retailer than x purchase from that retailer,
those that are farther than x purchase from the e-tailer.
The e-tailer’s market share is 1 � 4x, and each

retailers’ market share is 2x. Each retailer’s profit
maximization problem is

max
pr

pr ¼ max
pr

pr 2
pe � pr þ l

t

h in o
;

Figure 3 Salop Model with Online Stores — Two Dual-Channel
Retailers

Figure 4 Balasubramanian Model with Retailers Selling Online —
Two Dual-Channel Retailers (A & B) and One Pure E-Tailer
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and the e-tailer’s profit maximization problem is

max
pe

pe ¼ max
pe

pe 1� 4
pe � pr þ l

t

h in o
:

The resulting Nash equilibrium prices are

pbe ¼ t=6� l=3 and pbr ¼ t=12þ l=3; ð6Þ
and there is no equilibrium where retailer prices are
asymmetric. The e-tail market share is positive if
x < 1/4, and consequently the pure e-tail price and
market share are positive only if

l=t\1=2; ð7Þ
and we restrict our attention to where Equation (7)
holds—otherwise the Balasubramanian model reverts
to the Salop model. It is worth noting that the magni-
tudes in this relation may appear unnatural until we
recall that the circle is of unit circumference and thus
the magnitude of distance, x, is small. Profits are

pbr ¼ ½tþ 4l�2=72t and pbe ¼ ½t� 2l�2=9t: ð8Þ
The total cost to consumers is the sum of the fixed
online disutility costs, the transportation costs, and
retailer and e-tailer profits:

xb ¼ l½1� 4x� þ 2t½x=2�½2x� þ 2pbr þ pbe

¼ 11t2 þ 40lt� 16l2

72t
:

ð9Þ

The social cost is the sum of fixed online disutility
and transportation costs:

cb ¼ l½1� 4x� þ 2t½x=2�½2x� ¼ t2 þ 56lt� 80l2

72t
: ð10Þ

Salop model with online stores (se): The two dual-chan-
nel retailers compete across traditional retail and online
stores. In the online store, each retailer offers the identi-
cal good at pre þ l � ac þ ax. We define two indiffer-
ent consumers. The first, x1, is indifferent between the
same retailer’s traditional and online stores. This indif-
ferent consumer is defined by pr þ tx1 ¼ pre þ l�
ac þ ax1, giving the distance away from the traditional
store as x1 ¼ ½ac þ pr � pre � l�=½a � t�. The second,
x2, is indifferent between the two retailers’ online stores.
This indifferent consumer is defined by pAe þ l�
ac þ ax2 ¼ pBe þ l � ac þ a½1=2 � x2�.
Each retailer’s market share from its retail store is

2x1, and from its online store is 2½x2 � x1� ¼
1=2 � 2x1. Their profit maximization problems are

max
pr;pre

pr ¼ max
pr;pre

pr 2
acþ pr � pre � l

a� t

h in

þpre
aþ 2ðpBe � pAeÞ

2a
� 2

acþ pr � pre � l
a� t

� ��
:

The two retailers have identical best response
functions, and the resulting Nash equilibrium
prices are

pser ¼ ½a� acþ l�=2 and psere ¼ a=2; ð11Þ
both of which are positive, the first in Equation (11)
from (2) (i). Both stores have positive online market
shares if 0\ x1 ¼ ½l � ac�=2½t � a�\ 1=4, otherwise
the model reverts to the Salop model at the upper
end or a model with only online stores at the lower
end. The lead inequality is true from Equation (2) (i)
and (iii), and the trailing inequality is true if

t� a[ 2½l� ac�: ð12Þ
For there to be positive mitigation, Equation (2) (ii)
requires c [ x2, or

c[ 1=4: ð13Þ
Retailer profits are

pser ¼ a2 � 2a2c2 � atþ 4acl� 2l2

4½a� t� : ð14Þ

The total cost to consumers is the sum of fixed
online disutility costs less mitigation, transportation
costs, and retailer profits:

xse ¼ ½l� acþ a½1=4þx1�=2�½1�4x1�
þ2t½2x1�½x1=2�þ2pser

¼ 5a2þ4a2c2�8a2cþ8act�5at�8aclþ8al�8ltþ4l2

8½a� t� :

ð15Þ
The social cost is simply the sum of fixed online dis-
utility costs less mitigation, plus transportation
costs:

cse¼ ½l�acþa½1=4þx1�=2�½1�4x1�
þ2t½2x1�½x1=2�

¼ a2þ12a2c2�8a2c�atþ8actþ8al�24acl�8ltþ12l2

8½a� t� :

ð16Þ
Balasubramanian model with retailers selling online (br):
Two dual-channel retailers compete across tradi-
tional retail and online stores, and with a pure e-tai-
ler online. The addition to the Balasubramnian
model is both traditional retailers selling online. In
the online stores, retailers offer identical goods at
pre þ l � ac þ ax. We define two indifferent consu-
mers. The first, x1, is indifferent between the same
retailer’s traditional and online stores, and is
defined as in the Salop model with online stores
above. The second, x2, is indifferent between a dual-
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channel retailer’s online store and the pure e-tailer.
This indifferent consumer is defined as pre þ l�
ac þ ax2 ¼ pe þ l, giving x2 ¼ ½ac þ pe � pre�=a.
The retailer’s market shares are as defined in the

Salop model with online stores. The pure e-tailer mar-
ket share is 1 � 4x2. Each retailer’s profit maximiza-
tion problem is

max
pr;pre

pr ¼ max
pr;pre

pr 2
acþ pr � pre � l

a� t

h in

þpre2
acþ pe � pre

a
� acþ pr � pre � l

a� t

h io
:

The e-tailer’s profit maximization problem is

max
pe

pe ¼ max
pe

pe 1� 4
acþ pe � pre

a

h in o
: ð17Þ

Again, as the dual-channel retailer best response
functions are symmetric, the only equilibrium is
where retailer prices are symmetric, and the result-
ing Nash equilibrium prices are

pbrr ¼ ½a� 2acþ 6l�=12; pbrre ¼ ½aþ 4ac�=12; and

pbre ¼ ½a� 2ac�=6: ð18Þ

Prices are positive from Equation (2) (i) and when
c < 1/2. The market shares depend on x1 and x2:

x1 ¼ ½l� ac�=2½t� a� and x2 ¼ c=3þ 1=12:

x1 is positive from Equation (2) (i) and (iii), the same
as in the Salop model with online stores. For the
pure e-tailer to have positive market share requires
x2 \ 1=4, or c < 1/2, which is the same as the posi-
tive price condition for Equation (18). Otherwise the
model reverts to the Salop model with online stores.
For the retailer to have a positive online market
share requires x2 � x1 [ 0, or

t� a[ 6l� 2ac� 4ct: ð19Þ
Otherwise, the model reverts to the Balasubrama-
nian model. For there to be positive mitigation,
Equation (2) (ii) requires c [ x2, or c > 1/8. Stating
the bounds on c:

1=2[ c[ 1=8: ð20Þ
Retailer profits are

pbrr ¼ a2 � 20a2c2 þ 8a2c� a½1þ 4c�2tþ 72acl� 36l2

72½a� t� ;

ð21Þ
and e-tailer profits are

pbre ¼ a½1� 2c�2=9: ð22Þ

The condition in Equation (19) is sufficient for the
dual-channel retailer’s online store to have positive
market share, and Equation (22) being positive is
sufficient for the pure e-tailer to be profitable—thus
the Balasubramanian model with retailers selling
online obtains when Equation (19) is true. The total
cost to consumers is the sum of fixed online disutil-
ity costs on purchases from the e-tailer, the sum of
fixed online disutility costs less mitigation on online
purchases from dual-channel retailers, transporta-
tion costs, and retailer and e-tailer profits:

xbr ¼ l½1� 4x2� þ ½l� acþ a½x2 þ x1�=2�½4½x2 � x1��
þ 2t½x1=2�½2x1� þ 2pbrr þ pbre

¼ 11a2 þ 20a2c2 � 32a2c� 11atþ 32actþ 16ac2t

�72aclþ 72al� 72ltþ 36l2

72½a� t�:
ð23Þ

The social cost is the sum of fixed online disutility
costs on purchases from the e-tailer, the sum of
online disutility costs less mitigation on online pur-
chases from dual-channel retailers, plus transporta-
tion costs:

cbr ¼ l½1� 4x2� þ ½l� acþ a½x2 þ x1�=2�½4½x2 � x1��
þ 2t½x1=2�½2x1�

¼ a2 þ 28a2c2 � 16a2c� atþ 16actþ 80ac2t

�216aclþ 72al� 72ltþ 108l2

72½a� t�:
ð24Þ

Total costs to consumers and social costs as consumer wel-
fare and social welfare: In consumer welfare, we
account for prices, the online disutility costs less miti-
gation, and the transportation costs. Thus, our analy-
sis is based on total costs to consumers, recognizing
that with our implicit assumption that the market is
covered, each consumer derives the same value from
consumption across models and, consequently, they
only differ in their costs. Nonetheless, we describe
our results in terms of consumer welfare because it is
a more common and natural description.
Accounting for the fact that prices, and thus profits,

are a transfer between sellers and consumers, social
costs are a subset of total costs to consumers that only
include online disutility costs less mitigation and
transportation costs. Consequently, the relative effects
of different market structures on social welfare may
differ from the relative effects of different market
structures on consumer welfare. As with consumer
welfare, with the market covered, each consumer
derives the same value from consumption across
models. Although our analysis of social welfare is
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done based on social costs, as with consumer welfare,
we describe our results in terms of social welfare as it
is more common and natural.

3. Main Results

We organize our results under three broad themes
that emphasize the insights from this study in a mean-
ingful way. They are as follows: (i) the effects of the
advent of online stores, (ii) the impact of online disuti-
lity costs (l), and (iii) the effects mitigating these
online disutility costs through proximity to a tradi-
tional store. In choosing these themes, we rely on the
key innovations in our modeling setup and the dri-
vers of the changes in the economic institutions (dif-
ferent market structures) we focus on.
For ease of exposition, we use numerical constraint

plots to more clearly demonstrate our results below.
The proofs are in the Online Appendix.

3.1. The Effects of the Advent of Online Stores
We first consider the advent of online stores expand-
ing retailer presence in the form of only dual-channel
retailers or dual-channel retailers and a pure e-tailer
serving the market.
To begin, online stores in the Salop model (se)

reduces traditional retail prices as the expanded pres-
ence through online stores separates the market into
those consumers that incur transportation costs and
those that incur online disutility costs. To understand
why this occurs, in the Salop model (s), each consumer
except the indifferent consumer has a lower trans-
portation cost with one or the other retailer. However,
while transacting online, for a given consumer, the dif-
ference in the online disutility costs is smaller than the
difference in transportation costs. As a consequence,
the price competition between the retailers’ online
stores affects online prices, and causes the traditional
retail store prices to be lower. Thus, the expanded pres-
ence engenders increased competition.
A similar effect persists even if a pure e-tailer is pre-

sent in the market. Our next proposition compares
profits in the Balasubramanian model (b) to those
from the Balasubramanian model with retailers sell-
ing online (br).

PROPOSITION 1 (THE EFFECT OF EXPANDED PRESENCE ON

E-TAIL COMPETITION). Expanding presence through online
stores is rarely profitable for a traditional retailer.

We show the result numerically through the con-
straint plots in Figure 5. Without loss of generality,
we set the unit transportation cost to unity so that
t = 1. By construction t > a, so that the marginal drop
in mitigation with distance is a < 1. We increase l suc-
cessively moving from Figure 5a to c. The shaded

areas reflect our constraints: the market share condi-
tion from Equation (19) as well as the constraints on
the mitigation parameters in Equation (2). pbr [ pbrr
across most of the range of c and a. In the small feasi-
ble areas above the line, the opposite is true.
Corollary 1 compares profits in the Balasubrama-

nian model (b) to the Salop model with online stores
(se). When online disutility costs are high, then the
effects of an expanded presence together with mitiga-
tion tend to dominate those of increased competition
between dual-channel retailers due to online pres-
ence, and vice versa.

COROLLARY 1. If fixed online disutility costs are high
(low), then retailers in the Salop model with online stores
are relatively more (less) profitable than traditional
retailers in the Balasubramanian model.

We show the result numerically through the con-
straint plots in Figure 6. Without loss of generality,
we set the unit transportation cost to unity so that
t = 1. By construction t > a, so that the marginal drop
in mitigation with distance is a < 1. We increase l suc-
cessively moving from Figure 6a to c. The shaded
areas reflect our constraints: the market share condi-
tion from Equation (12) as well as the constraints on
the mitigation parameters in Equation (2). As l
increases, an increasing proportion of the parameter
space supports pbr \ pser .
The change in pure e-tailer profits when there is

additional competition from traditional retailers sell-
ing online is straightforward as the additional compe-
tition dissipates profits:

pbe [ pbre : ð25Þ

It is worth noting that we assume that the pure e-tai-
ler market share is positive by restricting our models
to where Equation (7) holds. There are other parame-
ter values, those relating to the extent of mitigation
(ac and c), where the traditional retailers’ online
stores squeeze the pure e-tailer out of the market.
We now examine the effects of expanded presence as

compared to competition on consumer welfare. Our
first result is that starting from the Salop model, con-
sumer welfare is increased with a pure e-tailer in the
market. This result, that we choose not to state in a
proposition, is that the total cost to consumers is lower
in the Balasubramanian model than in the Salop model:

xs [xb: ð26Þ

This is straightforward from Equations (4) and (9),
recognizing that the constraint for the relationship
between the fixed online disutility cost and the
transportation cost in Equation (7) must hold.
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The following proposition, stated in two parts,
shows that both expanded presence and competition
contribute to consumer welfare. The first part of the
proposition compares the Salop model (s) and the
Salop model with online stores (se). The second part
compares the Salop model with online stores (se) and
the Balasubramanian model with retailers selling
online (br).

PROPOSITION 2 (THE EFFECT OF EXPANDED PRESENCE AND

THEN COMPETITION). (i) The expanded presence of
traditional retailers with online stores increases consumer
welfare. (ii) The additional competition from a pure
e-tailer in a market with dual-channel retailers increases
consumer welfare.

Retailers with traditional and online stores are
effectively dual-channel monopolists. However, the
reduction in online disutility costs from a sufficiently
low marginal drop in mitigation with distance for
consumers that purchase online more than offsets the
potentially higher retail prices for those customers
that purchase from traditional stores. Consequently,
from Proposition 2(i), an average consumer is better
off with traditional retailers also selling online—an
expanded presence—when the market involves dual-
channel retailers only.
Proposition 2(ii) is important because it shows that

for the average consumer, the possible increases in
online disutility costs that occur from competition
online whereby the pure e-tailer as well as the dual-

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 5 Retail profits in the Balasubramanian Model (b) Compared to the Balasubramanian Model with Retailers Selling Online (br)

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 6 Retail Profits in the Balasubramanian Model (b) Compared to the Salop Model with Online Stores (se)
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channel retailers in both channels have a positive
market share are dominated by the decreases in prices
that comes from the same competition. The possible
increases in online disutility costs are due to the lack
of mitigation of online disutility costs offered by dual-
channel retailers online when the pure e-tailer has a
positive market share. As described earlier, competi-
tion online reduces online prices, which in turn puts
downward pressure on traditional retail prices. Con-
sequently, competition compounds the effects of
retailers’ expanded presence on consumer welfare.
Overall, Proposition 2 establishes that the Salop

model with online stores increase consumer welfare
as compared to the Salop model, and that competition
online from a pure e-tailer further increases consumer
welfare. In terms of total costs to consumers, we have

xs [xse [xbr: ð27Þ

Our social welfare proposition compares the social
costs in the Salop model (s) to the Salop model with
online stores (se).

PROPOSITION 3 (THE EFFECT OF EXPANDED PRESENCE ON

SOCIAL WELFARE). If fixed online disutility costs are high,
then social welfare is lower when traditional retailers
have online stores.

We show the result numerically through the con-
straint plots in Figure 7. Without loss of generality, we
set the unit transportation cost to unity so that t = 1.
By construction t > a, so that the marginal drop in miti-
gation with distance is a < 1. We increase l succes-
sively moving from Figure 7a to c. The shaded areas
reflect our constraints: the market share condition from
Equation (12) and the constraints on the mitigation
parameters in Equation (2). To be consistent across
models, we also impose l ≤ 1/2 from Equation (7).
When l is moderate to high in Figure 7(ii) and (iii),
then cse [ cs over most of the parameter space. When
l is low then from Figure 7(iii), cs [ cse.
Proposition 3 is important because it shows that

counter to intuition, consumers can incur greater
costs—in other words, social welfare is reduced—
with the addition of traditional retailers selling online.
Hence, exclusive of prices, an extra channel can effec-
tively increase costs to society. These social costs are
higher when online disutility costs are sufficiently
large and when the maximum mitigation (i.e., ac) is
not sufficiently large to offset the high online disutil-
ity costs, in the context of a dual-channel retailers that
price discriminate between channels such that some
consumers incur the higher net online disutility costs
in exchange for possibly lower prices. Proposition 3
also shows that the lower the online disutility costs
are relative to transportation costs (having

normalized t = 1), the greater the social gain from
consumers substituting online stores for traditional
retail stores. Our proposition is similar to the results
in Klemperer (1988) and Lahiri and Ono (1988) that
finds the addition of low cost competitors, possibly
with uneven technologies, can be socially detrimental.
Next, we establish the condition that determines if

social welfare is increased by the addition of a pure e-
tailer to a market that only contains traditional retail-
ers, that is, when the Balasubramanian model (b)
increases social welfare over the Salop model (s). The
following proposition provides the condition.

PROPOSITION 4 (THE EFFECT OF A PURE E-TAILER ON

SOCIAL WELFARE FROM THE SALOP MODEL). If fixed online
disutility costs are more (less) than 20% of unit
transportation costs, then the addition of a pure e-tailer
to the Salop model—the Balasubramanian model—
decreases (increases) social welfare.

Proposition 4 comes from the combined effect of
some consumers substituting online disutility costs
for transportation costs and of additional price com-
petition from the pure e-tailer determining how many
consumers make that substitution. Recalling the con-
straint from the Balasubramanian model in Equation
(7), 2l < t, and the condition in the Proposition, there
is a substantial range in the relationship between
online disutility costs and transportation costs
whereby either the Salop model or the Balasubrama-
nian model can result in greater social welfare. The
explicit 20% in Proposition 4 depends on how the
model is formulated. Different, but qualitatively
equivalent, formulations may yield a different figure.
Combining Propositions 3 and 4, we find the sur-

prising result that when online disutility costs are suf-
ficiently high, then the addition of an online store—
whether from a pure e-tailer or from the traditional
retailers selling online—decreases social welfare. In
terms of social costs, we have cse; cb [ cs.

3.2. The Impact of Online Disutility Costs
In deriving insights regarding the role of online disutil-
ity costs (l), we begin by comparing the Salop model
with online stores (se) with the Balasubramanian
model (b). Although the Salop model with online stores
(se) offers the advantage of mitigation in lieu of the
disutility costs, the Balasubramanian model (b) offers
the benefit of competition in exchange of the disutility
costs without any possible mitigation. Comparing the
two models, if online disutility costs are high, then
both traditional retail and online prices are lower in
the Balasubramanian model. This occurs in spite of the
Salop model with online stores having the advantage
of mitigating online disutility costs. Indeed, with this
mitigation, a consumer purchasing online has lower
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effective online disutility costs purchasing from the
closest retailer’s online store, making the dual-channel
retailers close to local monopolists. This causes prices
to be higher compared to when a pure e-tailer com-
petes with traditional stores.
However, if the fixed online disutility cost is not too

high, then even with the mitigation of online disutility
costs, the retailers’ online stores are less differentiated
and greater price competition between online stores
results causing both traditional retail and online
prices to be lower compared to when a pure e-tailer
competes with traditional stores. The following
proposition provides the formal statement.

PROPOSITION 5 (THE IMPACT OF EXPANDED PRESENCE AND

COMPETITION ON PRICES). If fixed online disutility costs
are high (low), then the Salop model with online stores
results in higher (lower) traditional retail and online
prices than the Balabubramanian model.

We show the result numerically through the con-
straint plots in Figures 8 and 9. Without loss of gener-
ality, we set the unit transportation cost to unity so
that t = 1. By construction t > a, so that the marginal
drop in mitigation with distance is a < 1. We increase
the online disutility costs, l, successively moving
from Figure 8a to c. The shaded areas reflect our con-
straints: the market share condition from Equation
(12) as well as the constraints on the mitigation para-
meters in Equation (2). As l increases, an increasing
proportion of the parameter space supports pser [ pbr .
A similar pattern is true for online prices in Figure 9,
that is, psee [ pbe .
Proposition 5 is important and surprising because it

shows that the effect of an expanded presence even
with mitigation of online disutility costs—the Salop
model with online stores—does not necessarily lead

to lower prices as compared to the Balasubramanian
model. Such lower prices in the Salop model with
online stores only occurs with low online disutility
costs and a lower marginal drop in mitigation with
distance. The latter means that the mitigation applies
to a greater range of consumers, which in turn, inten-
sifies the competition between the online stores of the
dual-channel retailers. This intensified online compe-
tition creates pressure on traditional retail prices,
increasing the rivalry between the two retailers. In
contrast, the pure e-tailer in the Balasubramanian
model competes directly with each traditional retailer
and does not increase the rivalry between the retailers
(see Figure 2). With higher online disutility costs or as
the marginal drop in mitigation increases and mitiga-
tion becomes less substantial over distance, the rivalry
between the online stores of the two dual-channel
retailers (se) is reduced, and higher traditional retail
and online prices can be sustained.
Finally, traditional retail and online prices are lower

when there is competition online from the Balasubra-
manian model with retailers selling online (br) versus
the Salop model with online stores (se). The additional
online competition from a pure e-tailer in the former
reduces online prices offered by the dual-channel
retailer, and this in turn further lowers traditional
retail prices. Hence, competition is more powerful
than an expanded presence in determining prices.
Using our results, the relationship between prices is

psr [ pser [ pbr [ pbrr and psere [ pbe [ pbre ; p
se
re [ pbrre ;

ð28Þ
where the comparison between the Salop model
with online stores (se) and the Balasubramanian
model (b) are from Proposition 5 when online disuti-
lity costs are high.

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 7 Social Welfare in the Salop Model (s) Relative to the Salop Model with Online Stores (se)
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In comparisons between the original Salop model
(s) and the Salop model with online stores (se), and
between the original Balasubramanian model (b) and
the Balasubramanian model with retailers selling
online (br), dual-channel retailer profits from one
model versus the other can be higher or lower
depending on the value of the online store. Generally,
we expect that a lower fixed online disutility cost and
a higher maximum mitigation favors retailer profits
from the online store, and vice versa.
Not surprisingly, profits from the Salop model with

online stores (se) are higher than those from the Bala-
subramanian model with retailers selling online (br)
since the pure e-tailer adds direct competition online,
and indirect competition to traditional retail stores.
Counter to the intuition about dual channels being
advantageous, retail profits are higher in the Salop

model (s) as compared to the Salop model with online
stores (se) because the additional channel increases
competition between the retailers regardless of online
disutility costs or their mitigation. Consequently,
ps � pse; pbr ; p

br
r and pse [ pbrr .

It remains to determine whether consumers are
better off incurring the disutility costs under an
expanded retailer presence—the Salop model with
online stores (se)—or under increased competition—
only a pure e-tailer in the e-tail channel, the Balasub-
ramanian model (b).

PROPOSITION 6 (THE EFFECT OF EXPANDED PRESENCE VER-

SUS COMPETITION ON CONSUMER WELFARE). If fixed online
disutility costs are high (low), then the Balasubramanian
model increases (decreases) consumer welfare relative to
the Salop model with online stores.

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 8 Comparing Traditional Retail Prices in the Balasubramanian Model (b) to the Salop Model with Online Stores (se)

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 9 Comparing Online Prices in the Balasubramanian Model (b) to the Salop Model with Online Stores (se)
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We show the result numerically through the con-
straint plots in Figure 10. Without loss of generality,
we set the unit transportation cost to unity so that
t = 1. By construction t > a, so that the marginal drop
in mitigation with distance is a < 1. We increase l suc-
cessively moving from Figure 10a to c. The shaded
areas reflect our constraints: the market share condi-
tion from Equation (12) as well as the constraints on
the mitigation parameters in Equation (2). When l
increases, an increasing proportion of the parameter
space supports xse [ xb.
Proposition 6 is important and surprising. It shows

that the consumer welfare-increasing effect of mitigat-
ing online disutility costs from proximity to tradi-
tional retail stores in the Salop model with online
stores (se) overcomes the consumer welfare-increas-
ing effects of competition on prices in the Balasubra-
manian model (b), at lower levels of the online
disutility costs. As online disutility costs increase, the
effects of competition are greater than those of mitiga-
tion over an increasingly greater range of the parame-
ter space. Consequently, mitigation is only consumer
welfare-increasing if the marginal drop in mitigation
(a) is low and the maximummitigation (ac) is high.
It is also possible to show that in the Balasubrama-

nian model with retailers selling online (br), consumer
welfare increases because both competition and
expanded presence works to lower both traditional
retail and online prices (see Equation (28)). Putting
the relations together over the different market con-
figurations, we have

xs [xse [xb [xbr; ð29Þ
where the comparison between the Salop model
with online stores (se) and the Balasubramanian
model (b) are from Proposition 6 when online disu-
tility costs are high.

3.3. The Effects of Mitigation of Online
Disutility Costs
We first examine the effects of competition and com-
pare these effects with those of an expanded presence
online. We begin with a conclusive theorem that
shows online competition from a pure e-tailer (Bala-
subramanian model with retailers selling online, br)
decreases social welfare relative to the expanded pres-
ence from the Salop model with online stores (se).

PROPOSITION 7 (THE EFFECT OF ONLINE COMPETITION

FROM A PURE E-TAILER ON SOCIAL WELFARE). Compared
to the Salop model with online stores, Balasubramanian
model with retailers selling online decreases social welfare.

This proposition is important and surprising
because it shows that social welfare in the Salop

model with online stores is reduced by online compe-
tition from a pure e-tailer. It is also a strong theorem
in that it does not depend on conditions outside the
two model’s solutions. The reason welfare is reduced
is because net of prices—traditional retail and online
profits do not enter into social costs—consumers
located far from a dual-channel retailer purchase from
the pure e-tailer and do not benefit from mitigation of
their online disutility costs as they would if they pur-
chased from a retailer’s online store. In other words, if
only traditional retailers have online stores (Salop
model with online stores (se)), then the online disuti-
lity costs are always mitigated for consumers that
purchase online. The reversal of the effects on costs,
total versus social, from Proposition 2 is because
prices fall with online competition between dual-
channel retailers and a pure e-tailer (see Equation
(28)), and more than offset the differences in transpor-
tation and online disutility costs.
Next, we compare social welfare in the Balasubra-

manian model (b) with that from the Salop model
with online stores (se).

PROPOSITION 8 (THE EFFECT OF DUAL-CHANNEL RETAI-

LERS VERSUS A PURE E-TAILER ONLINE). If fixed online dis-
utility costs are high and the marginal drop in mitigation
is low, then social welfare is higher in the Balasubrama-
nian model than in the Salop model with online stores.

We show the result numerically through constraint
plots in Figure 11. Without loss of generality, we nor-
malize the unit transportation cost to unity, t = 1. By
construction t > a, so that the marginal drop in miti-
gation with distance from Equation (1) is a < 1. We
increase l successively moving from Figure 11a to c.
The shaded areas reflect our constraints: the market
share condition from Equation (12) as well as the con-
straints on the mitigation parameters in Equation (2).
As l increases across Figure 11a through c, when a is
low, then cse [ cb.
Proposition 8 is important and very surprising. It

shows that competition between a pure e-tailer and
traditional retailers (Balasubramanian model (b))
can only increase social welfare relative to the
expanded presence and consequent mitigation of
online disutility costs from the Salop model with
online stores (se) if online disutility costs are high
and the marginal mitigation is low. Otherwise, the
mitigation of online costs for all consumers that pur-
chase online in the Salop model with online stores
dominates the market share effects of competition
with a pure e-tailer. This occurs because when price
is excluded, the calculation of social costs is based
on transportation costs and online disutility costs.
Examining the premise of the theorem, a high mar-
ginal drop in mitigation of online disutility costs
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(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 10 Consumer Welfare in the Balasubramanian Model (b) Relative to that in the Salop Model with Online Stores (se)

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 11 Social Welfare in the Balasubramanian Model (b) Relative to that with the Internet Channel in the Salop Model (se)

(i) µ = 0.15, t = 1 (ii) µ = 0.30, t = 1 (iii) µ = 0.45, t = 1

Figure 12 Social Welfare in the Balasubramanian Model (b) Relative to that in the Extended Balasubramanian Model (br)
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with distance favors the online stores of dual-chan-
nel retailers relative to the pure e-tailer in terms of
lower social costs. Moreover, a high marginal drop
in mitigation also increases the maximum mitigation
of online disutility costs, which reduces the net
online disutility costs incurred by consumers.
Our last proposition compares social welfare in

the Balasubramanian model (b) to the Balasub-
ramanian model with retailers selling online
(textitbr).

PROPOSITION 9 (THE EFFECT OF COMPETITION IN THE

INTERNET). If fixed online disutility costs are high, social
welfare suffers with competition among online stores,
unless the mitigation is high.

We show the result numerically through constraint
plots in Figure 12. Without loss of generality we nor-
malize the unit transportation cost to unity, t = 1. By
construction t > a, so that the marginal drop in miti-
gation with distance from Equation (1) is a < 1. We
increase l successively moving from Figure 12a to c.
The shaded areas reflect our constraints: the market
share condition from Equation (19) as well as the con-
straints on the mitigation parameters in Equation (2).
As l increases across Figure 12a through c, when a is
low, then cbr [ cb.
Reflecting the result from Proposition 7, the pre-

mise in Proposition 9 is weaker than that in Propo-
sition 8. Proposition 9 is important in that,
exclusive of prices, the society incurs greater social
costs with the addition of traditional retailers sell-
ing online beyond a pure e-tailer if online disutility
costs are high and mitigation is low. Otherwise, we
find social welfare benefits from competition online
between a pure e-tailer and dual-channel retailers.
This is due to the extended presence of traditional
retailers’ online stores and the mitigation of online
utility costs that results. Thus, social costs are
lower because more consumers mitigate their
online disutility costs.
Focusing on the effect of mitigating online disutility

costs, if online disutility costs are not high and
marginal/maximum mitigation is high, then combin-
ing the results of Propositions 7, 8, and 9, together
with those from Propositions 3 and 4 related to the
Salop model we have

cse\cbr\cb\cs: ð30Þ
This is a dramatic effect of mitigating online disutil-
ity costs: if online disutility costs are low enough
and the mitigation can be substantial, then social
welfare is higher when traditional retailers extend
their presence beyond traditional stores to online
stores.

4. Conclusion

Our goal is to examine competition between dual-
channel retailers and online stores when having a
traditional physical store can mitigate the online disu-
tility costs that consumers incur purchasing online.
The mitigation of these online disutility costs is based
on a traditional retail store engendering greater trust,
opportunities for inspection, returns and support
when consumers purchase online. To examine this
competition, we extended two paradigm models—the
Salop (1979) “circle around the lake” model and the
Balasubramanian (1998) “pure e-tailer in the center”
model—to include traditional retailers expanding
their presence by selling online. We specified how
consumers’ online disutility costs are mitigated if they
purchase online from these dual-channel retailers. We
compared the four models from the perspective of
prices, profits, consumer welfare, and social welfare.
In this, we juxtaposed the effects of competition from
a pure e-tailer with those of an expanded presence of
traditional retailers selling online.
We divided the effects of the expanded presence of

traditional retailers online and the consequent mitiga-
tion into three broad themes. First, examining the
effects of online stores, we find that expansion online
is rarely profitable for traditional retailers as it can
increase competition, but at the same time consumer
welfare increases both because of prices and due to
mitigation of online disutility costs. However, when
the price reduction from competition is stronger, then
traditional retailers online can increase social costs.
This is because as more consumers choose to pur-
chase online to benefit from lower prices, they incur
the disutility costs which net of mitigation can be
higher than the alternative transportation cost.
Second, studying the impact of disutility costs of

purchasing online, we find that when such costs are
high, the expanded presence of traditional retailers
online increase prices in traditional stores and online
relative to when facing competition from a pure e-tai-
ler. The mitigation of online disutility costs is insuffi-
cient to offset higher prices, and consumer welfare is
lower. Indeed, consumers benefit from an expanded
presence of traditional retailers online only when
online disutility costs are low enough that together
with mitigation they dominate increased prices.
Third, researching the effects of mitigating online

disutility costs through proximity to a traditional
store, we find that after an expanded presence of tra-
ditional retailers online, competition from a pure e-
tailer lowers social welfare as price competition
causes some consumers to purchase from the pure e-
tailer and forgo the mitigation of online disutility
costs. Most importantly, if the mitigation of online
disutility costs is such that net disutility costs of
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purchasing online are low—due to low online disutil-
ity costs and/or higher marginal and maximal mitiga-
tion—then the expanded presence of traditional
retailers online can increase social welfare. These lat-
ter results show the social value of traditional retailers
mitigating online disutility costs.
The key element of our formulation, and the element

responsible for our results, is the partial mitigation of
online disutility costs when consumers purchase
online from a seller that also has a traditional retail
store. Others have obtained some pricing results simi-
lar to ours, however these results usually are a conse-
quence of including consumer search to resolve price
uncertainty as part of the model formulation (see Lal
and Sarvary 1999), and higher prices can be main-
tained because of the cost of additional search. Simi-
larly, higher prices and consumer welfare can be
maintained from vertical strategic interactions—
through integration and double marginalization—be-
tween an upstream manufacturer and downstream
retailers within a mixed channel system (see Yoo and
Lee 2011). As we noted earlier, Jeffers and Nault (2011)
find that a pure e-tailer opening up a traditional store
can increase prices and profits across retailers, stifling
competition between online and traditional stores,
making consumers worse off—without mitigation,
multiple online stores are not profitable. Thus, explic-
itly modeling the partial mitigation of online disutility
costs based on distance from a traditional store is at
the heart of the technical contribution of our work, and
at a more general level, the mitigation is responsible
for the expanded presence of traditional retailers.
In terms of managerial implications, as many tradi-

tional-turned-dual-channel retailers are trying to strate-
gically leverage their physical locations (e.g., Macy’s,
Walmart, Nordstorm), our analysis would help them
comprehend when and how different types of market
structures benefit them. For example, when the disutil-
ity of purchasing online is high, dual-channel retailers
can benefit from keeping the competition among them-
selves — thus, be able to charge higher prices in both
channels than just operating traditional stores in the
presence of an e-tailer. Also, by leveraging the linkage
with the physical store, that is, utilizing the mitigation
for the online purchases, they may marginalize pure e-
tailers. Along the same line, our analysis provides guid-
ance to pure e-tailers about when to seek linkages with
physical locations — after all, as mentioned above,
many historically pure e-tailers are changing their busi-
ness models. Our results may also inform policy mak-
ers as the retail sector is slowly bracing for mergers and
acquisitions (Thau 2015).
The limitations of our analysis are similar to those in

previous related studies. Consumers in our model do
not differ in their online disutility costs, and a signifi-
cantly more complex model would result if consumers

differed in their online disutility costs—in effect
another dimension of differentiation beyond the spatial
one in the Salop model. In addition, we do not explic-
itly model the sequence of entry decisions. We assume
at the start that transportation costs and fixed entry
costs are such that the Salop model is in equilibrium
with two retailers and compare this with market struc-
tures where either both traditional retailers sell online
and/or when a pure e-tailer sells online.
We recognize that what we observe in practice is

the result of a complicated history that cannot be par-
simoniously modeled in a standard entry game. As
we show in an online appendix, an entry game with
two identical retailers sequentially deciding whether
to open an online store followed by a pure e-tailer
does not lead to an equilibrium where all decide to
compete online—when it is profitable for a pure e-tai-
ler to enter with two traditional retailers online, the
intensity of online competition causes one or both tra-
ditional retailers to have been more profitable staying
offline, and in the sequential game they do not enter.
In contrast, a common market structure we observe in
practice is multiple traditional retailers online (our
Figure 1) together with a pure e-tailer like Amazon.c
om, our brmarket structure.
Of course, 20 years of retail e-commerce has seen

dramatic changes in technology such as search, visu-
alization, broadband penetration, and most recently
mobile. There have also been fundamental changes in
payment services and security, and in postal/courier
delivery services. Together with this, there has been
much entry and exit in the traditional retail and
online retail marketplace, with changes in both verti-
cal and horizontal integration as well as electronic
markets and auctions. What we observe in practice
might result from an entry game model if a more elab-
orate characterization of changes described above
were formulated as asymmetries in online fixed costs
or marginal costs of online order processing and dis-
tribution for traditional retailers, or as additional
dimensions of differentiation. However, a formula-
tion that characterizes history in such a way as to pro-
duce the desired equilibrium simply to justify
studying properties of the equilibrium is of limited
usefulness.
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