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Abstract

Mandatory refund policies have received a lot of attention from both policymakers and
academics. Despite this, little is known about how sellers strategically respond to the policy
and the resulting effects on competition. To address this, we analyze mandatory refund
policies in a framework that flexibly accommodates the full competition spectrum. We show
that the policy can benefit consumers in uncompetitive markets under certain conditions,
despite reducing social welfare and profits. Nevertheless, we also demonstrate how the
policy can be detrimental to consumers, even in very uncompetitive markets. Intuitively,
while the policy always protects consumers from some bad outcomes post-purchase, sellers
respond by increasing their prices and so consumers have less chance of obtaining a good

deal pre-purchase.
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1 Introduction

Consumer protection policy is becoming increasingly active in making markets work well." Such
policies can empower consumers either by helping them to identify and obtain the best deals
before they buy, or by providing consumers with rights and resources to correct bad purchases
(e.g. Armstrong and Vickers 2012; Grubb 2015a; Grubb 2015b; Krahmer and Strausz 2015;
Armstrong and Zhou 2016, Rhodes and Wilson 2018; Heidhues et al. 2021). However, when
implementing a consumer protection policy, it is important for policymakers to take into account
how firms will strategically respond as this can impact upon market competition and lead to
unintended consequences (Armstrong 2008; Spiegler 2015).

One common example of consumer protection is a mandatory refund policy. This dictates
that, for a limited time after a transaction, sellers must offer consumers the right to return the
product in exchange for a full refund. There has been a lot of attention on this policy from both
policymakers and academics, especially within behavioral economics where it is seen as a leading
example of soft paternalism (Camerer et al. 2003; Sunstein and Thaler 2003; Thaler and Sunstein
2008). However, in order to accommodate the modeling of behavioral biases, such justifications
are often presented in simple monopoly contexts, with exogenous prices or overlooking important
market characteristics. This focus has led to a lack of understanding about how firms respond
strategically to the policy, especially in imperfectly competitive markets, even with rational
consumers.

To help address this gap, this paper provides a theoretical analysis of how mandatory refund
policies affect market outcomes and welfare across the full spectrum of competitive settings from
(local) monopoly to Bertrand competition. In a model where sellers select prices and refund
levels and where consumers are fully rational, we initially show that, a mandatory refund policy
is detrimental to profits and total welfare but is weakly beneficial to consumers in a monopoly
context. This formalizes a consumer protection case for mandatory refunds that does not
rely on a behavioral mechanism. Then, away from the monopoly extreme, we find that these
results will continue to apply in sufficiently uncompetitive markets provided consumers’ costs
of returning a product are small enough. Indeed, in such imperfectly competitive settings, it is
possible for the policy to offer larger benefits to consumers than under monopoly. In contrast,

we also demonstrate how a mandatory refund policy can be detrimental to consumers (as well

!See Waterson (2003), Vickers (2004), Armstrong (2008), Garrod et al. (2009), Fletcher (2017), Fletcher and
Hansen (2020), and Fletcher et al. (2023).



as profits and welfare). Intuitively, the policy effectively forces sellers to make losses on returned
products, which can lead to a strong strategic response, including raised prices and lower levels
of advertising. This response is capable of dominating consumers’ direct benefits of refunds in
any competitive setting, even in those that are very uncompetitive, close to monopoly.

In more detail, we consider a market for an experience good in which each seller simul-
taneously chooses its price and refund level. Following any purchase, a consumer learns how
much they value the product and decides whether to return it or not. A consumer incurs an
effort cost if they choose to obtain a refund, whilst the seller receives a salvage value for any
returned product. We compare market outcomes and welfare across two policy regimes. In the
‘unregulated regime’, each seller is free to choose any level of refund. In the ‘regulated regime’,
there is a mandatory refund policy and so each seller is forced to offer a full refund equal to its
price.

In the unregulated regime, sellers have two instruments to affect consumer utility because
price and refund levels can differ. To overcome the complexities associated with sellers compet-
ing across two dimensions, we draw on the concept of competition in the utility space (Armstrong
and Vickers 2001). Here, we show that sellers will always choose a refund level to maximize so-
cial welfare in any competitive setting. Sellers can then set their price to offer the required level
of consumer surplus as determined by the level of competition. This extends the monopoly
result of Matthews and Persico (2007) to any competitive setting. In the regulated regime,
sellers only have one instrument to affect consumer utility because each seller’s refund must
equal its price. Here, we show that any profitable price-refund level will be higher than that in
unregulated case because a mandatory refund policy raises a seller’s average cost per consumer.
This leads to a refund that is inefficiently high from a social perspective with a socially excessive
level of returns. Further, if this effect is sufficiently large, then the policy can actually lead to
the market becoming inactive with welfare losses for all parties.

When the market remains active, we show that a mandatory refund policy can improve
consumer surplus under certain conditions despite always reducing social welfare. This can be
understood in terms two effects, which we refer to as the ‘return effect’ and ‘price effect’. The
price effect is the impact on consumers from sellers’ price response and this is adverse when
prices increase. The return effect captures the benefits of the policy to consumers from being
better insured against a bad outcome post-purchase. This effect raises consumer welfare for

two reasons. First, in the event that a consumer would have returned the product even without



the policy, the consumer would now receive an increased refund. Second, in the event that a
consumer would have kept the product without the policy, a consumer may now find it optimal
to return their product. Thus, a mandatory refund policy will strictly harm consumers if the
price effect is sufficiently adverse that it dominates the beneficial return effect; otherwise it will
be strictly beneficial to consumers.

To consider the size of these two effects, we then endogenize market prices across the full
spectrum of competitive settings. Starting with monopoly, we show that the policy can never
harm consumers and will strictly benefit consumers when their effort cost of returning the
product is sufficiently small. In these cases, the beneficial return effect weakly dominates any
potentially adverse price effect. We also demonstrate that the policy strictly reduces a monop-
olist’s profits. Intuitively, this must arise because the monopolist in the unregulated regime can
always earn at least as much than in the regulated regime by setting its refund equal to its
price, but chooses not to.

Under Bertrand competition, at the other end of the spectrum, we demonstrate how a
mandatory refund policy strictly harms consumers. Hence, a mandatory refund policy is un-
necessary and detrimental to consumers in this setting as competition is already sufficient to
safeguard consumer welfare. This follows because consumers appropriate all welfare under
Bertrand and the policy leads to a reduction in total welfare due to the excessive level of re-
turns. This implies that the beneficial return effect is dominated by an adverse price effect that
arises from the policy raising sellers’ average costs per consumer.

Having characterized the extremes of the competition spectrum, we are then able to draw
some quite general conclusions about the effects in any model of imperfect competition that con-
tinuously links the competitive extreme (Bertrand) to monopoly. In particular, from continuity
arguments, a mandatory refund policy will harm consumers when competition is close enough
to the Bertrand extreme. However, when competition is sufficiently weak and close enough
to monopoly, the policy will harm sellers, and strictly benefit consumers provided consumers’
effort costs are low enough. Outside these cases, the effects of a mandatory refund policy are
less certain as continuity arguments cannot apply.

To go further, we place more structure on the competition game. Specifically, we extend
our framework to imperfect competition by developing an experience good version of the clear-
inghouse model (Baye and Morgan, 2001; Baye et al., 2006; Varian, 1980). This enables us to

tractably encompass the entire spectrum of competition from (local) monopoly to Bertrand and



illustrate a rich variety of policy outcomes due to its inclusion of two competition parameters:
a proportion of captive consumers and a cost of advertising. Here, we find a range of results
for imperfectly competitive markets. In particular, while the mandatory refund policy protects
consumers from some bad outcomes post-purchase, we show that sellers’ strategic response in-
volves them advertising less and so the chance of consumers obtaining a good deal pre-purchase
decreases. However, like under monopoly, it strictly decreases total seller profits as their costs
of higher refunds always outweigh any benefit from reduced competition. Surprisingly, we also
show that the policy can provide larger benefits to consumers away from the monopoly extreme.
Thus, intervening in an imperfectly competitive market can lead to a range of outcomes includ-
ing harming consumers or benefiting consumers to an extent greater than under monopoly.
This highlights the benefits of our approach in analyzing the effects of the policy across the full
spectrum of competition.

The rest of the paper is structured as follows. Section 2 discusses the policy background and
related literature. After outlining the model in Section 3, Section 4 presents some preliminary
results. Sections 5 and 6 then study the market equilibria across the different competitive

settings and compare welfare measures between the two policy regimes. Section 7 concludes.

2 Background and Related Literature

Many governments require sellers to offer mandatory refunds for purchases of certain goods
and services. These mandatory refund policies provide consumers with the right to return
a product or cancel a contract for any reason in exchange for a full refund within a given
time frame. Such regulations commonly cover transactions that occur away from the seller’s
place of business but there are exceptions for certain purchases made in-store. For instance,
in the US, to combat high-pressure sales tactics associated with doorstep selling, the Federal
Trade Commission’s Cooling-Off Rule gives buyers three days to cancel certain sales made at
the buyer’s home, workplace, or at a seller’s temporary location.? Similar regulations in the
EU (Article 9 of Directive 2011/83/EU) and the UK (2013 Consumer Contracts Regulations)
are broader in scope as they apply beyond ‘off-premise’ sales (that include doorstep selling)

to additionally cover ‘distance selling’ that includes purchases made online or by mail order.?

*For more details, see https://consumer.ftc.gov/articles/buyers-remorse-ftcs-cooling-rule-may-help, accessed
13/09/24.

3See https://www.legislation.gov.uk/eudr/2011/83/body, accessed 13/09/24, and
https://www .legislation.gov.uk /uksi/2013/3134 /contents, accessed 13/09/24. The 2015 Consumer Rights



They also provide consumers with a wider time frame of fourteen days. Furthermore, the UK’s
Competition Commission has also imposed a mandatory refund policy as a consumer remedy for
purchases occurring in-store (e.g. extended warranty schemes for electrical goods - see Fletcher

(2016) for more details).

The relevant theoretical literature on consumer refunds for experience goods can be divided
into three camps depending upon the nature of any (pre-purchase) private information regarding
consumers’ product valuations. In the first camp, neither side of the market has any private
information. Here, the literature establishes how refunds can raise consumers’ willingness-
to-pay by acting as insurance against bad product outcomes (e.g. Davis et al. 1995; Che
1996; Davis et al. 1998). In the second camp, consumers possess (or have the opportunity to
obtain) private information about their product value. Here, a seller can use refund options
as a screening device to facilitate price discrimination, influence information gathering, or help

4 Finally, in the third camp, the sellers have some private information about

extract surplus.
product quality or consumers’ tastes. Here, refunds can act as a signal or as a commitment
device to provide credible advice about consumers’ valuations (e.g. Grossman 1981; Moorthy
and Srinivasan 1995; Inderst and Ottaviani 2013).°

Our paper falls squarely into the first camp because neither the firms or consumers have any
private information. The previous literature within this first camp initially focused on under-
standing a monopolist’s decision to offer a zero refund or a full refund (equal to its price). In
contrast, in their base setting, Matthews and Persico (2007) allowed a monopolist to choose any
level of refund and find that the monopolist will find it most profitable to offer a partial refund
equal to the salvage value of a returned product. We follow this approach whilst permitting any
competitive setting and aiming to understand the welfare effects of a mandatory refund policy
where firms must offer refund levels equal to their price.

Only a small number of papers have previously analyzed the welfare effects of a mandatory
refund policy. In the first camp, a mandatory refund policy is presented as a leading example of
asymmetric or libertarian paternalism; where the policy can help insure behavioral consumers

against ‘bad’ outcomes while not restricting the choices of others (Camerer et al. 2003; Sunstein

Act in the UK also guarantees buyers with a 30-day returns period for all purchases regardless of location, but
only if the product is found to be faulty.

“See Courty and Hao (2000), Escobari and Jindapon (2014), Akan et al. (2015), Krahmer and Strausz (2015),
and Hinnosaar and Kawai (2020) for price discrimination; Matthews and Persico (2007) and Janssen and Williams
(2024) for information gathering; and Inderst and Tirosh (2015) for surplus extraction.

For wider reviews of the refund literature, see Janakiraman et al. (2016), Abdulla et al. (2019) or Ambilkar
et al. (2022).



and Thaler 2003; Thaler and Sunstein 2008). For instance, when consumers suffer from pro-
jection bias (Loewenstein et al. 2003), such a policy allows consumers to reverse their purchase
decisions after overestimating the product’s value, as recently formalized in a monopoly setting
by Michel and Stenzel (2021). In contrast, our model does not rely on a behavioral justification.
Instead, it focuses on sellers’ strategic responses in a setting that extends beyond the monopoly
case and includes other important market variables such as consumers’ effort costs of making
returns and sellers’ salvage values of returned products. It explains how the policy will harm
consumers when the beneficial return effect is dominated by a sufficiently large adverse price
effect.

There a couple of other papers from the second camp that also study the effects of regula-
tion. Krahmer and Strausz (2015) consider the impact of withdrawal rights in a setting where a
monopolist uses a menu of sales contracts to screen heterogeneous consumers. The withdrawal
rights are like mandated refunds as they enable consumers to be reimbursed for any payments
and removing them from any future purchase obligations. The authors find that withdrawal
rights always lower profits by limiting the menu of contracts and thereby hindering the monop-
olist’s ability to screen consumers, but have an unclear effect on consumers welfare. In contrast,
in our different setting, we are able to explain why and when consumer surplus will rise or fall
under a mandatory refund policy. Furthermore, we allow for a full range of competitive settings
in a way that enables us to investigate the potential tension between consumer protection policy
and competition.

A more broadly related paper from the second camp is Janssen and Williams (2024). As
an extension of their main results about the impact of refunds on consumer search markets,
they consider the effects of a ‘partial’ refund policy where firms must offer a marginal increase
in refund above the unregulated equilibrium refund level but below the subsequent equilib-
rium price. In contrast, within our different setting, we consider a mandatory refund policy
where each seller’s refund must always equal its price, both on and off the equilibrium path, as
consistent with actual regulation.

Some of our analysis employs a clearinghouse model (Baye and Morgan, 2001; Baye et al.,
2006; Varian, 1980). Versions of this model have increased in popularity recently to study issues
including sales behavior and price comparison sites (e.g. Moraga-Gonzalez and Wildenbeest
2012, Shelegia and Wilson 2021; Armstrong and Vickers 2022; Ronayne and Taylor 2022).

Usefully, this provides us with a framework that encompasses the full competition spectrum



while still remaining tractable enough to incorporate the effects of refunds. This is in contrast
to the broader literature on refunds which has largely been restricted to monopoly apart from
a few papers that allow for particular forms of competition.® As an additional advantage, the
clearinghouse framework also enables us offer some novel results about how mandatory refund
policies affect advertising behavior.

Finally, our paper contributes to a wider literature that studies how firms strategically
respond to consumer protection policies. For instance, see Armstrong and Vickers (2012) and
Grubb (2015a) for regulating contingent charges, Armstrong and Zhou (2016) and Rhodes and
Wilson (2018) for deterring sellers from deceiving or pressurizing consumers, Grubb (2015b) for
improving market transparency, and Heidhues et al. (2021) for a broad set of policies that limit

ex post consumer harm.

3 Model

Consider a market with n > 2 symmetric sellers that each produce an experience good with
marginal production cost, c¢. There is a unit mass of risk-neutral consumers who each have a
unit demand and a zero outside option. Let consumer m value the good at seller i = {1,...,n}
with an idiosyncratic match value or ‘value’, v,,;.” Both consumers and sellers are unaware
of any match values pre-purchase, but after purchasing a given product, a consumer learns
their match value for that product. We assume that each v,,; is drawn independently from a
distribution, F'(v), on [0,b] with b > 0 and where E(v) = fob vf(v)dv € (0,b). Let f(v) = F'(v)
be strictly positive everywhere and non-decreasing to ensure that profits are concave.

We consider two policy regimes, k € {o,x}, where refunds are either unregulated, x = o,
or mandated, kK = x. Given the policy regime, k, each seller i sets its price, p;., and refund
level, r;. By setting a refund level, seller i offers to re-pay r;; to any consumer that returns a
product purchased at the seller. When refunds are unregulated, £ = o, each seller 7 is free to
choose its refund, r;,, and its price, p;o,. When refunds are mandated, x = x, each seller ¢ must

offer a full refund, r;; = piz.

5In settings closer to our unregulated regime where sellers select refund levels, Inderst and Tirosh (2015)
examine a duopoly, whilst Janssen and Williams (2024) consider a unit mass of sellers. In contrast, Shulman
et al. (2011) and Petrikaite (2018) consider duopolies too, but take a different direction by studying the effects
of consumer effort costs under the assumption of full refunds (as closer to our regulated regime). None of these
papers compare a fully regulated regime versus an unregulated regime.

"Our results also remain robust under the alternative assumption that each consumer’s match value is the
same across all sellers, vy,.



In either regime, whenever a good is returned, the consumer incurs an effort cost, e > 0,
to obtain the refund, 7;., and the recipient seller obtains a salvage value, s > 0. To avoid
the uninteresting case where returns are never socially desirable, we assume e < s. Further,
we assume the salvage value is strictly lower than the marginal cost, 0 < s < ¢, due to the
associated costs of re-processing, repackaging or potential product damage. In addition, we
assume that ¢ < F(v) to ensure that the market is always active in the unregulated regime.
Hence, in summary, 0 <e < s<c¢ < E(v) <b.

The game is then structured as follows for a given policy regime, k € {o,x}. In Stage 1,
each seller ¢ simultaneously chooses p;, and r;;. In Stage 2, each consumer selects which seller
to buy from, if any. In Stage 3, any consumer m that purchased from seller ¢, then learns vy,;,

before deciding whether to keep or return the good. We focus on symmetric equilibria.®

4 Preliminary Results

This section first derives some foundational results that apply throughout the paper. First,
within a given policy regime, x, Section 4.1 offers some general welfare measures for a given
price and a given refund, p;,; and ;.. Then, Section 4.2 considers the unregulated regime for any
given price. Among other results, it demonstrates that each firm will optimally set its refund
level equal to the salvage value, r;, = s, within any competitive setting. Section 4.3 considers
the regulated regime for any given price. It shows how the policy raises each seller’s average cost
per consumer and how, in extreme cases, it can render the market inactive. Finally, Section 4.4
identifies two fundamental effects of the policy, which we term as the return and price effects,
before offering some general results about the impact of the policy on welfare under exogenous
prices. Later, in Sections 5 and 6, we draw upon these results to analyze the effects of the policy

while endogenizing the market prices across different competitive settings.

4.1 Welfare Measures

Consider any consumer m’s purchase decision. If consumer m buys, it will buy from the seller

with a price-refund pair that offers the highest expected utility. The consumer’s net expected

8In Stage 2, we implicitly assume that buying from multiple sellers is prohibitively costly. This assumption
is common within the literature (e.g. Inderst and Tirosh 2015) and trivially satisfied under monopoly. However,
the Supplementary Appendix shows how this can be relaxed.



utility from a transaction with a given seller i equals (dropping subscript m):

Uiy =V (Tili) — Pix (1)

where V' (r;,) refers to the consumer’s expected gross utility:

b max{r;.—e,0}
V (rix) = / vf(v)dv + /0 (ri. —e) f(v)dv

max{r;.—e,0}

V (7ix) has two components. The first derives from the possibility of the consumer keeping the
good to receive v, which occurs when the value of keeping the good exceeds the net benefit of
returning it, v > 1;; — e. The second derives from the possibility of the consumer returning
the good to receive r;. — e, which occurs when v < 75, — e.? Overall, relative to an outside
option of no-purchase, the consumer will be willing to buy from i if u;; > 0 or equivalently, if
Pi <V (ri). Notice V(ry) > E(v) given 1y, > 0, and that V(ry) is strictly increasing in the
level of refund, r;;, because the refund insures the consumer against low match values.

Next, consider seller i’s profits. Specifically, given p; < V (), seller i’s expected profits

per transaction:

Tik = T (Dir, i) = (Dix — €) — (i, — 8) fomar{”’re’o} f(v)dv. (2)

Intuitively, seller ¢ receives an initial profit of p;; — c. However, with the probability that the
consumer returns the product, seller ¢ will have to refund r;,; while obtaining the salvage value,
s.

Finally, consider the expected total welfare per transaction for a given p;, and 7., Wix=u;x+

Tir. Summing (1) and (2) for any u;; > 0 and m;,; > 0 yields:

b max{r;.—e,0}
Wi, =w (rig) = / vf(v)dv—i—/o (s—e)f(v)dv—ec. (3)

max{r;.—e,0}

Intuitively, aside from the marginal cost, ¢, which is incurred for any transaction, (3) has two
other components. The first derives from the possibility of the consumer keeping the good. The
second derives from the possibility of the consumer returning the good, where the seller then

obtains s from salvaging the good but the consumer incurs the effort cost, e.

9If a given consumer is indifferent over returning a product, we assume they keep it. Also note that the
consumer will never return the good if r;, — e < 0 as the effort cost is larger than the refund.

10



For later, it is useful to consider the socially optimal outcome. From a social viewpoint, a
product should be returned if and only if the consumer’s value of keeping the product, v, is
less than the net social value of returning it, s — e; otherwise, the product should be kept if
v > s — e. Hence, for a given v, the total welfare from a transaction equals max {v,s — e} — c.
Given s > e, it will then clearly be socially optimal to set 7 = s because a consumer will then

only return the product iff v < s —e.

4.2 Unregulated Regime, x =0

We now consider the welfare measures in the unregulated regime. Here, sellers are free to select
any refund level and any price. To overcome the complexities associated with sellers competing
across two dimensions, we draw on the concept of competition in the utility space (Armstrong
and Vickers 2001). In particular, we can think of each seller i as having two decisions: how
much utility to offer to each consumer, w;,, and how best to provide such a utility offer through

its choice of price, p;», and refund, r;,. For the latter decision, we can now state the following:

Proposition 1. Suppose k = o and seller i wishes to offer each consumer a given utility
u € [0,V (s)]. Seller i will then always find it optimal to set a refund level equal to the salvage

value, rio = 1% = s, and a price, pi(u) =V (s) —u > 0.

The previous literature has shown that it is profit-maximizing for a monopolist to set its
refund equal to its salvage value (e.g. Matthews and Persico 2007). Here, we use a utility
argument to show how this applies more generally across any competitive setting. In particular,
seller ¢ will provide a given utility, u, in the most profitable manner to maximize its profits per
transaction, m;,. Given w;, = m;,+u, we can write m;, = w;, —u. Hence, for a given u € [0, V (s)],
seller ¢ will optimally select its refund level to maximize the total surplus per transaction, w;,
in (3) such that r} = s. Seller ¢ can then use a price, p}(u) = V (s) — u, to ensure that it offers
utility u = V'(s) — p}(u) as required, while retaining any remaining surplus.

Hence, for any given price, pj,, (1)-(3) reduce to the following given b > ¢ > r;, = s > e > 0:

b s—e
V (s) = pio = / vf(v)dv + /0 (s —e)f(v)dv — pip (4)

T = 7 (pioss) = (pio— ) — (rio — 5) /0 T f)dv = pio — (5)
b s—e
Wip = w(s):/_ vf(v)dv—i—/o (s —e)f(v)dv —c (6)

11



Three features are worth noting about the unregulated regime. First, the per-transaction
profit function in (5) simply equals the mark-up, p;, — ¢, because each consumer has a unit
demand and because the seller makes no direct losses on returned products given r); = s.
Second, total welfare in (6) is independent of price because consumers have unit demand and
the refund equals s. Third, the market can always be active. For instance, seller i can always
guarantee at least m;, = 0 by setting p;, = ¢ and r;, = s to offer u;, = w;, > 0as V(s) > pj, = ¢

given V(s) > E(v) > c.

4.3 Regulated Regime, v =«

We now examine the welfare measures in the regulated regime. In this case, each seller must

offer a full refund, r;, = p;». Hence, (1)-(3) reduce to the following:

b maz{p;z—e,0}
wis =V (pia) — pis = / of (v)dv + /0 (pia — ) f (0)dv —pie (7)

max{p;z—e,0}

max{piz—e,0}
tie =7 (e pin) = (pie — ) — (pia — 5 / f(w)dv
0

= (piz —s)- (1 — F(max{piz —e,0})) — (c —s) (8)
b maz{piz—e,0}
we=wln) = | R CLE / (s—e)f () dv—c  (9)

We now explain these equations while commenting on some initial impacts of the policy.
Starting with (7), given r;; = piz, a consumer will now return the product if the consumer’s
value of keeping it, v, is less than the consumer’s value of returning it, p;; — e (provided
piz — € > 0). Hence, contrary to the unregulated regime, total welfare per-transaction in (9)
now becomes dependent upon price. The impact of the policy on the profits per-transaction
in (8) is more subtle. To explore this further, observe that the profits per-transaction in (8)
resembles a standard profit function where the price is p;;, marginal cost is s, fixed costs are
(c—s) and 1 — F (p;, — e) represents the demand curve for any p;; € (e, V(piz)). We can then
see that the policy influences both demand and costs.'”

First, consider how it influences demand. The demand curve, 1 — F (p;; — €), is more
precisely described as the probability of a consumer keeping the product (which occurs if v >
piz — €). Consequently, a lower price (and thereby a lower refund) incentivizes more consumers

to keep the product, and hence the seller faces a downward-sloping demand curve. Therefore,

0T hese effects arise provided i) a consumer strictly prefers to buy a given product, piz < V(piz), and ii) there
is a strictly positive probability that the consumer returns the product, i, = piz > e. These conditions will
always be satisfied in equilibrium given ¢ > s > e.

12



related to the demand-rotating logic of Che (1996) and Johnson and Myatt (2006), a mandatory
returns policy effectively prompts per-consumer demand to change from being box-shaped to
downward-sloping.

Second, consider how the policy influences costs. The total costs per transaction is ¢ — s -
F(pip —e) for any p;, € (e, V(piz)]. That is, for every transaction, a seller incurs the production
cost, ¢, but also gains a salvage value, s, with the probability that the product is returned. By
rewriting total costs in (8) as (¢ — s) + s(1 — F'(piz — €)), we can see that (c — s) is like a fixed
cost, as it must be incurred regardless of whether the product is returned or not, and that s is
like a marginal cost, as it is forgone only if the product is not returned. Thus, s+ % >c
represents the average cost per non-returned product. Therefore, a mandatory refund policy
leads to a downward sloping average cost function that converges to ¢ as 1 — F(p;; — ) tends
to one. In contrast, the average cost function under the unregulated regime is horizontal and

equal to ¢, and so the mandatory refund policy raises average costs by pivoting the average cost

function clockwise. This leads to the following lemma.

Lemma 1. In the requlated regime, seller i may be inactive for any r;, = pix if the marginal

production cost, ¢, is sufficiently larger than the salvage value, s.

From (8), note that seller i cannot remain profitable for any p;; < ¢ (given ¢ > s > e).
Instead, the losses incurred on returned goods imply that seller ¢ will be active only if p;, > c.
Indeed, these losses can become so large that there may not exist any p;z = 75, > ¢ at which
seller ¢ can profitably operate with m;; > 0 and wu;, > 0.

Finally, for any active seller ¢ with 7, > 0, we now know that its price must be greater than
its marginal production cost, ¢. As p;» = iz, it now follows that r; = p; > ¢ > s. Hence, the
total welfare per-transaction is not maximized under regulation as the refund level will strictly

exceed the salvage value.

4.4 Preliminary Policy Comparison

Here, we offer some initial welfare comparisons across the two regimes for given exogenous
prices. First, as noted in Corollary 1, a mandatory refund policy can have a drastic impact in
reducing the welfare of all parties when the policy leads the market to become inactive as per
Lemma 1. (We will provide a formal condition for when this can occur under endogenous prices

later in Section 5.)
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Corollary 1. If the marginal production cost, c, is sufficiently larger than the salvage value,
s, such that the market is not active under a mandatory refund policy, then the policy reduces

consumer surplus, industry profits and total welfare.

From this point onwards, we focus on cases where the market always remains active. In
such cases, the welfare effects from a mandatory refund policy are more nuanced. We now
being to outline two fundamental effects of the policy - that we term as the return and price
effect. As a first step, one can use (4)-(9) to express the difference between the welfare measures
(per-transaction) under the two policies in (10)-(12) below. To help later intuition, we use the
refund notation, 7;, and r;,, rather than their associated values, s and p;,, and introduce the

following notation: Ap = p;, — pio and Ar = r;, — 145, where Ar > 0 given p;, = 1z > 150 = S.

Tio—e€ riot+Ar—e
Auz=  Uip — Ujp = AT/ f(v)dv + / (rio + Ar —e —v) f(v)dv — Ap (10)
0 Tio—€
Tio—e rio+Ar—e
AT = Wiy — o= Ap-— Ar/ f(v)dv — (10 + Ar —5) / fw)ydv  (11)
0 Tio—€
Tio+Ar—e
Aw = Wiy — wip = —/ (v—(s—e))f(v)dv <0 (12)
Tio—€

Consider the impact of the policy on consumer utility, (10). Let us denote the first and
second terms as R(Ar), such that Ay = R(Ar) — Ap, and refer to it as the return effect.
This effect benefits consumers for two reasons given Ar = r;, — r;j, > 0. First, in the event of
a low match value, v < r;, — e, that would have caused the consumer to return their product
even without the policy, they now receive an increase in refund, Ar = p;, —s > 0, (as shown in
the first term of R(Ar)). Second, in the event of a medium match value, v € (15, — €,7iz — €),
they now find it optimal to return their product to gain r;, — e = r;, + Ar — e, rather than keep
the product to obtain v (as shown in the second term of R(Ar)). However, as illustrated by the
third term in (10), the policy also creates a price effect if the seller chooses to change its price,
Ap = piz — Pio-

Next consider the impact of the policy on per-transaction profits, (11). The first term
originates from the price effect. The second and third term describe how the return effect
damages profits. Specifically, the return effect reduces profits per-transaction for two reasons.
First, in the event of a low match value that would have caused the consumer to return their
product even without the policy, the seller now has to pay out a higher refund (as 75, = piz > s).

Second, in the event of a medium match value, a consumer now finds optimal to return their
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product and so in that case, the seller loses 7;, — s > 0.

Finally, consider the impact of the policy on total welfare per-transaction, (12). Here,
there is no role for the price effect as Ap is simply a transfer between a consumer and seller.
Instead, the change in total welfare only involves the return effect. In the event of a low match
value, the increased refund level also only represents a transfer between a consumer and seller.
However, the increased refund level also prompts a consumer with a moderate match value,
v € (rio—e, Tiz —e), to return the product, despite it being socially inefficient, v > r;,—e = s—e,

creating a welfare loss. Proposition 2 now follows:

Proposition 2. Suppose prices are exogenous with p;, and p;z and assume the market is active
under both policy regimes such that p;, > c. Then, for a given transaction, a mandatory refund
policy i) always strictly decreases total welfare, Aw < 0, i) damages profits, Am < 0, if it
benefits consumers, Au > 0, and i) strictly harms consumers, Au < 0, only if there is a

sufficiently large adverse price effect, Ap > R(Ar) > 0.

The derivation is straightforward as follows. Result i) follows immediately from (12). Given
this, result ii) follows from rearranging Aw = Au + Ar < 0. Result iii) then follows from
rearranging Au = R(Ar) — Ap < 0 as the return effect is always beneficial, R(Ar) > 0 given

Pig = Tiz > C > S.

5 Monopoly and Bertrand Competition

Building on Section 4, the next two sections now derive the market equilibria under endogenous
prices for each policy regime and compares the associated welfare measures. We start by con-
sidering the extremes of the competition spectrum, with monopoly in Section 5.1 and Bertrand
competition in Section 5.2. Section 6 then examines the full competition spectrum by analyzing

imperfect competition more broadly.

5.1 Monopoly

The monopoly equilibrium under each policy regime can be stated as follows (where we denote

the equilibrium price and refund level for a given x € {o,z} as p}I' and r*):

Proposition 3. Under monopoly, there exists a unique equilibrium:

a) In the unregulated regime, r)* = s and p)' =V (s) > E(v).
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b) In the regulated regime, provided the market is active, pi' = ri* i) uniquely satisfies

O (piy: Piiz)

Opin =1—F(piz—€) — (piz —8) [ (piz —€) =0 (13)

with plt = r* € (s, V (pI")] if e is sufficiently small, and i) uniquely satisfies pi' = V (p'),

otherwise.

The unregulated equilibrium is straightforward and consistent with the literature (e.g.
Matthews and Persico 2007). Intuitively, the monopolist maximizes welfare by setting r* = s
and then extracts all of the rents via p]' =V (s).

Now consider the regulated regime when the market is active. From the unregulated results,
we know that if it were allowed, the monopolist would like to set » = s and then extract the
remaining rents with a high price. However, now that the monopolist’s refund is tied to its price,
it must trade-off the benefits from setting a low refund close to s with the benefits from setting
a higher price. For situations where the effort cost of returning the product is sufficiently small,
as in bi) of Proposition 3, the FOC in (13) suggests that the monopolist’s optimal price-refund,
pat = ri* > s, balances the increase in profit that results from charging a higher price to a
consumer when they are expected to keep the good, 1 — F' (p, — e), with the decrease in profit
due to a greater probability of a return, — (p, — s) f (p» — €). In contrast, for higher effort costs
in line with bii), the equilibrium price is constrained by the consumers’ ex ante valuation and
so the monopolist sets pI* = V (p2") to ensure that the consumer buys.

In either case of low or high effort costs, the monopolist will be active in the regulated
market if 77 > 0. Note in Proposition 3, pI" is independent of marginal cost, ¢, in both cases
bi) and bii) from equations (13) and the definition of V' (r;.) below (1). Hence, when combined
with (1), we know that the regulated market will be active provided c is sufficiently small with
¢ < ¢é(e, s) where

ele,s) =(py —s) (1= F(py' —e))+s (14)

Indeed, this condition on ¢ will be enough to ensure that the regulated market is active
for all other competitive settings. Therefore, henceforth, we assume ¢ < ¢é(e, s) to allow the

regulated monopoly profits to be strictly positive.

We now consider the welfare impact of the policy. Given a unit mass of consumers, we denote

the equilibrium values of consumer surplus, seller profits and total welfare under monopoly for
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m

each policy regime x as uj' =V (r*) —p?, o' = w (p*, "), and w* = w (r}}") respectively. To

compare the welfare measures across the two regimes, we build on the measures developed in

m

Section 4.4 but evaluate them at the equilibrium levels of price and refund with Au™ = u' —u}",

m

An™ =" — " and Aw™ = wl' —w)', where Ap™ = pl' — pI* and Ar™ =17 m

Ty = p? - 8.
Proposition 4. Under monopoly, provided the market remains active, a mandatory refund
policy i) (weakly) increases consumer surplus, Au™ > 0, and i) strictly decreases profits and

total welfare, An™ < 0 and Aw™ < 0.

Proposition 4 states that the policy is weakly beneficial for consumers. Specifically, when
the effort cost is relatively small, the policy strictly increases consumer surplus, Au™ > 0.
From Proposition 2, we know that this is because the beneficial return effect dominates any
potentially adverse price effect, R(Ar™) > Ap™. However, when the effort cost is relatively
larger, the monopolist is able to extract all the consumer surplus in both regimes such that
Au™ = 0. This implies that the beneficial return effect must equal the adverse price effect,
R(Ar™) = Ap™.

Proposition 4 also demonstrates that the policy strictly reduces monopoly profits. Intu-
itively, this must arise because the monopolist in the unregulated regime can always earn at
least as much profits than in the regulated regime by setting its refund equal to its price, but
chooses not to. More specifically, when the effort cost is relatively large, the seller can extract
the entire consumer surplus in the regulated regime, but this surplus is strictly smaller than
without regulation due to the inefficiencies related to excessive returns given r;, > s. When the
effort cost is smaller, the monopolist cannot even extract the entire surplus from a consumer
and so its profits under regulation are further hindered.

It is worthwhile to further discuss the price effect. For high levels of the effort cost, there
is always an adverse price effect with Ap™ > 0. We know this because the monopolist extracts
the entire surplus through its price under both regimes, but the surplus is strictly lower under
regulation. However, understanding the sign of the price effect is more difficult when e is low.

Nevertheless, under a uniform match value distribution with F'(v) = ¥, one can demonstrate

11

2
that the price effect remains adverse with Ap™ = (s;e) — (855 )" >0 for low e.

"Specifically, this applies when e < 3b + s — 1/8b(b + s) which is true for all ¢ < s when s < b/8.
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5.2 Bertrand Competition

We now analyze the other end of the competition spectrum by considering a Bertrand setting
with n > 2 sellers in which all consumers are able to buy from the seller offering the largest
expected utility. To ensure that the regulated market is always active, we continue to assume
¢ < ¢(e, s) (such that the profits per-transaction under monopoly would be non-negative, 77" >
0). We can then state the equilibrium as follows (where we denote the equilibrium price and

refund level for a given k as pZ and r5):

Proposition 5. Under Bertrand competition, there exists a unique symmetric equilibrium:

B

— B _
. =5 and p; =c.

a) In the unregulated regime, r

b) In the regulated regime, p2 = 2 uniquely satisfies m(p2,rB) = 0 in (8) such that pB = rB >

c> S.

This can be understood as follows. In the unregulated regime, we know the equilibrium
refund must equal the salvage value, 72 = s, via Proposition 1. Then, from standard Bertrand
reasoning, the equilibrium price must be bid down towards marginal cost, pf = ¢, such that
each seller’s profits per-transaction in (5) equal zero, with ﬂf = pf — ¢ = 0. However, the
equilibrium in the regulated regime is more subtle as the price and refund are tied together by
policy. Nevertheless, competition will force the price-refund level down until the price where each
seller’s per-transaction profits in (8) equal zero, with 72 = (pZ —s)-(1—F(pZ —e))— (c—s) = 0.
Such a price exists for all p2 < p™ given ¢ < é(e, s).

Now note that the policy can create an ‘adverse price effect’, ApP = pf — pf > 0. This

follows as we can rewrite the Bertrand profits as 72 = (1—F(pZ —e)) [pf - (s+ %)} =0.
(c=5)

T—FpE—e) ~ & the price-refund

Hence, due to the policy raising sellers’ average costs to s +
cannot be driven to marginal cost, c. Therefore, the equilibrium price must be strictly above
marginal cost and a mandatory refund policy always raises price relative to the unregulated

regime.

We can now compare the equilibrium welfare measures across the two regimes. Given a unit
mass of consumers, we denote the equilibrium values of consumer surplus, seller profits and

total welfare under Bertrand for each policy regime k as uf = V(r2) — pB, 78 = = (p2,75),

and w? = w (rf) respectively. We further define Au? = uf — uf, Arx®

p o 7TxB—7T(])3 and

Aw? = wB —wB where ArP =¢B — 1B,

r T o
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Proposition 6. Under Bertrand competition, a mandatory refund policy i) strictly decreases

consumer surplus and total welfare, AuP = AwP < 0, and i) has no effect on profits, Am = 0.

In contrast to our results in the monopoly setting, Proposition 6 demonstrates how a manda-
tory refund policy strictly harms consumers under Bertrand competition. Intuitively, this must

arise because the adverse price effect dominates the beneficial returns effect, Ap?® > R(ArB).

B

B always equals zero for both regimes and so Au? =

To see this, note A7? = 0 because 7

AwP = R(ArB) — ApP and Aw® < 0 from Proposition 2.

6 Imperfect Competition

Having examined the two extreme situations of monopoly and Bertrand competition, we now
analyze the competition spectrum more broadly by examining imperfect competition. Since we
know from Section 4.4, that mandated refunds will always decrease total welfare, Aw < 0, this
section focuses on the impact of the policy on profits, Am, and consumer surplus, Au. To begin,
let us discuss the extent to which our existing results will apply across any model of imperfect
competition that encompasses the whole competition spectrum from monopoly to Bertrand.
Formally, suppose A7 and Aw are continuous in a competition index, ¢ € [0, 1], where ) = 0
corresponds to the monopoly comparison, Ar = A7™ and Au = Au™, and ¢ = 1 corresponds

to the Bertrand comparison, Ar = A7? and Au = AuB.

Proposition 7. For any model of imperfect competition where Am and Au are continuous in
the competition indez, ¥, a mandatory refund policy will have the following effects: a) when
competition is sufficiently strong (with v close to one), it will harm consumers, Au < 0, but b)
when competition is sufficiently weak (with 1) close to zero), it will benefit consumers, Au > 0,

if e is sufficiently low such that Au™ > 0, and harm sellers, Am < 0.

The proof follows immediately by using simple continuity arguments with Propositions 4
and 6. For example, given Au™ > 0 (when ¢» = 0) if the effort cost is low and Au? < 0
(when ¢ = 1), it follows that consumers will benefit in sufficiently uncompetitive markets but
be harmed in sufficiently competitive markets. However, when the effort cost is high, such that
Au™ = 0, it remains an open question whether consumers benefit or not in markets close to
monopoly because Au could be positive or negative as one moves away from the monopoly

extreme. Similarly, we can use continuity arguments to state that profits will be harmed in
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sufficiently uncompetitive markets as An" < 0. However, we cannot use such arguments to

analyze the impact on profits when competition is close to Bertrand as Ar? = 0.

To go further in understanding the policy impact under imperfect competition, we need to
use a framework with more structure. We do this by using a version of a clearinghouse model
with experience goods (Baye and Morgan, 2001; Baye et al., 2006; Varian, 1980). This model
is particularly well-suited to our purposes for two reasons. First, it enables us to tractably
encompass the entire spectrum of competition from (local) monopoly to Bertrand. Second,
it is capable of illustrating a rich variety of different policy impacts due to its inclusion of
two competition parameters: an exogenous cost of advertising and an exogenous proportion of
captive consumers. We now proceed by outlining the model assumptions in Section 6.1, before

Section 6.2 derives the equilibrium and Section 6.3 then compares the two policy regimes.

6.1 Model Assumptions

We now assume that consumers are initially uninformed of sellers’ prices and refunds. However,
sellers have the opportunity to inform consumers by advertising for an exogenous cost, A > 0.
Specifically, in Stage 1 of the game, each seller 7 simultaneously chooses its price, p;., and refund,
Tix, and whether to inform consumers of {p;, rix} through informative advertising (denoted by
a; = 1), or not (a; = 0). In Stage 2, consumers observe any advertised prices and refunds before
making their purchase decisions. Stage 3 then continues as before - any consumers that made
a purchase, learn their match value and decide whether to return their good or not.!?

The consumers are decomposed into two types, t € {NS, S}, with proportions, 1 — ¢ and
o respectively, where o € (0,1). ‘Non-shopper’ consumers, t = NS, only ever consider buying
from their designated ‘local’ seller. Each seller has a symmetric share of non-shopper consumers,
(1 — 0)/n. The remaining ‘shopper’ consumers, t = S, have no such loyalty. Instead, they
compare all advertised offers. Specifically, as consistent with Baye and Morgan (2001), we
assume the shoppers make their purchase decisions as follows. If no seller advertises such an
offer, then shoppers visit a seller at random and buy (provided the utility offer is above the

outside option of zero). If one or more sellers advertise a utility offer (weakly) above zero, then

all shoppers buy from the seller that advertises the highest expected utility.?

12 Alternatively, our results are identical in a different setting where refunds are unobservable and cannot be
advertised. Intuitively, i) in the regulated regime, a seller’s refund can be fully inferred from its advertised price,
and ii) in the unregulated regime, consumers will continue to expect refund levels to be equal to the salvage value
as a seller will have no incentive to deviate from this value given it maximizes profits.

13Tn the event of a tie where the shoppers are indifferent between some set of sellers, we assume that they
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We focus on symmetric equilibria. However, to allow for sellers’ potentially mixed strate-
gies, we define ay, = Pr(a; = 1) € [0, 1] as seller i’s probability of advertising for a given policy
regime, k, and H(p) and HY (p) as seller i’s price distribution when a; = 1 and a; = 0, respec-
tively. Finally, for a given policy regime, note that the total expected advertising expenditure in
equilibrium equals ¢, = nAa,. When measuring total welfare, we assume that any expenditure
on advertising represents a transfer to some (unmodeled) advertising channel so that it does
not form a dead-weight loss. This ensures consistency with Sections 4 and 5 where there was

no advertising.

6.2 Equilibrium

We now present the equilibrium for a given policy regime, . To proceed, it is useful to denote

m{ (4 )"“} 15)

Lemma 2. For any given policy regime, K, and associated equilibrium refund, r}, (with r}, = s

Anza(ﬂ)-ﬂg>03nd

n

and r}, = pig), a unique symmetric equilibrium exists:

a) If advertising costs are high, A > A,., each seller earns T, = ' /n by setting p and 1},

and never advertising, o, = 0.

b) If advertising costs are low, A < A, each seller earns T, = (I_TU) T+ % by i) setting

Pt and not advertising with probability 1 — ay, € (0,1), and i) advertising a price-refund pair,

{pir,r}.}, with probability o, € (0,1) where p;x is selected from [Qﬁ,p?] using price distribution

1
L, (52 = i i) + () AN
0 i (Din ;)
n n

and where p - satisfies i (Bn; 7‘;-",{) (=2 +o]=(L2) a4 % withp_ > c> s.

The proof follows straightforwardly from Baye and Morgan (2001) and Baye et al. (2006) while

accounting for a given refund, r},. . Intuitively, we know from Proposition 1 that each seller will

simply randomize between the tied sellers with equal probability.

MWhilst more complicated, our results also remain robust if one assumes that advertising costs are a dead-
weight loss. In that case, instead of being added to industry profits, the advertising expenditure would be
deducted from total welfare and so the documented losses in welfare would be even greater.
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always have a unique, optimal refund level for any price, 7},: under no regulation, r;, = s, and
under regulation, 7}, = pj.

To understand the equilibrium, consider two special parameter cases. For the first special
parameter case, suppose A — 0 such that the base model reduces to Varian (1980). Here, the
sellers effectively always advertise, o, — 1, but face a tension between pricing high to their
non-shopper consumers, and pricing lower in an effort to sell to the shoppers. This tension
is resolved through the use of a price distribution, HZ (p;). When almost all consumer are
non-shoppers, o — 0, this distribution converges to the monopoly price, pI', but when almost
all consumers are non-shoppers, 0 — 1, this distribution converges to the Bertrand price, pf.

For the second special parameter case, suppose that advertising costs are non-trivial, but
almost all consumers are shoppers, ¢ — 1. When advertising costs are sufficiently large, A > A,
the sellers simply refrain from advertising and price at the monopoly level. However, when
A < A,, each seller faces a tension between i) advertising a low price to attract the shoppers,
and ii) pricing high and not advertising in the hope that its rivals do the same. This tension
is resolved by the sellers mixing over advertising with a probability a, € (0,1) and mixing
over advertised prices using H2 (p;.). When advertising costs are almost zero, A — 0, each
firm almost advertises for sure, &« — 1, and the advertised price distribution converges to the

Bertrand price, pf.

6.3 Policy Comparisons

We can now compare the two regimes. To begin to see the interaction between consumer
protection and competition, Section 6.3.1 first examines how regulation impacts competition
through advertising behavior. This will provide a useful foundation to then analyze the effects
of the policy on profits and consumer surplus in Sections 6.3.2 and 6.3.3. Throughout this
section, we focus on advertising costs, A < flo. We discard any situations with A > flo because
the sellers then act as (local) monopolists under both regimes and so the policy comparison

coincides exactly with our prior monopoly analysis in Section 5.1.

6.3.1 Advertising

This subsection examines the impact of the policy on advertising behavior.
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Proposition 8. For any A € (0, A,) and o € (0,1), a mandatory refund policy strictly reduces

the probability that a seller advertises, Aa = a; — a, < 0.

This implies that the policy limits competition in the sense that sellers become less likely to
advertise and so more likely to price at the monopoly level. Intuitively, by raising average costs,
the policy lowers the gains from attracting a shopper. The proof is straightforward. First, note
there are two important intervals within A € (0, flo) given A, < A,. Then observe that when
advertising costs are sufficiently high, A € [flx,fio), advertising only occurs in unregulated
regime, such that Aa < 0. Alternatively, when advertising costs are low, A < A, then
advertising occurs in both regimes, a, € (0,1) and «, € (0, 1), but the probability of advertising

is lower in the regulated regime as 7' < 7.

6.3.2 Profits

We can now analyze how the policy impacts expected industry profits which we define as the
sum of expected total seller profits, n7,, and advertiser profits, ¢, = nAa,. We denote the
change in expected total seller profits as AnT = n(7, — 7T,), the change in expected advertiser

profits as A¢ = nAA«a and the change in expected industry profits as Am = A¢ + AnT.

Proposition 9. For any A € (0, A,) and o € (0,1), a mandatory refund policy strictly reduces
expected industry profits, Aw < 0 expected total seller profits, AnT = n(T, — ) < 0, and

expected advertiser profits, A¢p = nAAa < 0.

Intuitively, the policy reduces advertiser profits by lowering the probability of advertising
in equilibrium, Aa < 0. Despite this reduction in advertising and the associated reduction in
competition, Proposition 9 also states that total seller profits still strictly decrease. The reason
is that the policy restricts sellers’ ability to extract surplus from consumers when not advertising

and this reduction in profits dominates the reduction in advertising expenditure.

6.3.3 Consumer Surplus

This section considers the impact of the policy on consumer surplus, Au. The scope for obtaining
general results is limited because the shape of Au between the extremes of the competition
spectrum is heavily dependent upon parameters. However, we can state the following analytical
results presented in Propositions 10 and 11. (The proofs for these results are provided separately

in Appendix B.)
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Proposition 10. Under imperfect competition, a mandatory refund policy can i) harm con-
sumers, Au < 0, even in very uncompetitive markets, and ii) harm consumers by more than

under Bertrand, Au < Au®P < 0.

Proposition 10 implies that there may not be a consumer protection case for a mandated
refund policy even in markets that are very uncompetitive, and the damage from such a policy
can be at its largest in the interior of the competition spectrum away from the Bertrand extreme.

Before explaining the intuition, Figure 1 provides a duopoly example to help visualize the
result. It illustrates how Aw varies with the competition index, v, when all consumers are
shoppers, o — 1. In this case, v is a function of the advertising cost, A. For instance, in Figure
1, weset p(A)=1—A/A, € [0, 1] so that in both regimes ¥(A,) = 0 corresponds to monopoly
and 1(0) = 1 corresponds to Bertrand competition. In Figure la effort costs are low (with
s = e = 0 such that Au™ > 0), whilst in Figure 1b effort costs are high (with s = e = 1/8 such
that Au™ = 0). In both panels, marginal cost varies with s = e < ¢ < ¢é(e, s) and the match

value distribution is uniform, F'(v) = v.

Figure 1: The Impact of a Mandatory Refund Policy on Consumers, Au, when ¢ — 1 where
n=2and F(v)=v

a) Au with s=e=0 b) Au with s=e=1/8
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Consistent with our earlier general Proposition 7, Figure la shows that when the effort
cost is low, the policy benefits consumers in less competitive markets (low ¥ (A)) but harms
consumers in more competitive markets (high 1/(A)). In contrast, Figure 1b shows that when
the effort cost is high, the policy harms consumers for all levels of competitiveness, 1)(A).

To understand the intuition of Proposition 10, first consider why the policy can harm con-
sumers even in very uncompetitive markets when the effort cost is high (in line with Figure 1b).

At 1(A,) = 0, where the sellers act as local monopolists in both regimes, we know from Section

5.1 that Au™ = 0 as the beneficial return effect equals the adverse price effect. However, for an
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advertising cost marginally below A, (and so above flx), the policy harms consumers, Au < 0,
because the adverse price effect becomes relatively stronger while the beneficial return effect
stays constant. The adverse price effect becomes stronger, because the expected market price
under the regulated regime remains constant at the monopoly level given A > A,, whilst the
expected market price under the unregulated regime falls due to an increase in advertising. In
contrast, the beneficial return effect stays unchanged under both regimes because the refund
levels remain at the monopoly price and the salvage value, respectively.

Now consider why the policy can actually harm consumers by more than it does under
Bertrand, Au < Au” < 0 (in line with Figures 1a and 1b). At 9(0) = 1, where the market is
fully competitive in both regimes, we know from Section 5.2 that Au? < 0 as the beneficial re-
turn effect is outweighed by the adverse price effect. However, for an advertising cost marginally
above zero (and so below A,), such that the market becomes slightly less competitive in both
regimes, the policy increases the harm to consumers. In this case, the beneficial return effect
gets larger because the unregulated refund stays constant at the salvage value but the expected
refund under the regulated regime increases in line with the expected market price. However,
the increase in the beneficial return effect is dominated by a stronger adverse price effect.

We now introduce the second Proposition:

Proposition 11. Under imperfect competition, in markets that are sufficiently uncompetitive, a

mandatory refund policy can benefit consumers by more than under monopoly, Au > Au™ > 0.

Surprisingly, Proposition 11 implies that the consumer protection case for a mandated refund
policy can be stronger under imperfect competition than in the monopoly extreme. Before
explaining the intuition, Figure 2 provides a different duopoly example to help visualize the
result. It illustrates how Aw varies with the competition index, 1, when advertising costs are
zero, A — 0. Here, ¢ is a function of the proportion of shoppers, . For instance, in Figure
2, we set (o) = o, so that in both regimes, 1)(0) = 0 corresponds to monopoly and (1) =1
corresponds to Bertrand competition. All other parameters are the same as in Figure 1 where

Figure 2a and 2b present the case of low and high effort costs, respectively.
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Figure 2: The Impact of a Mandatory Refund Policy on Consumers, Au, where n = 2 and
Flv)=wv
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Consistent with our earlier general Proposition 7, Figures 2a and 2b both show that the
policy benefits consumers in less competitive markets (low (o)) but harms them in more
competitive markets (high ¢(c)). However, in contrast to Figure 1 and as consistent with
Proposition 11, they show how the policy can be at its strongest away from the monopoly
extreme, Au > Au™.

Now consider the intuition of Proposition 11. At 1 (0) = 0, where the market is formed of
local monopolies in both regimes, we know from Section 4 that Au™ > 0 because the beneficial
return effect (weakly) dominates any adverse price effect. However, for a proportion of shoppers
marginally above zero, such that the market becomes slightly more competitive in both regimes,
the policy increases the benefit to consumers. Intuitively, the beneficial return effect gets smaller
because the unregulated refund level remains constant at the salvage value, whilst the expected
refund under the regulated regime decreases in line with the expected market price. However,
despite this reduction in the beneficial return effect, the price effect becomes less adverse and

so consumers’ expected utility rises.

7 Conclusions

Mandatory refund policies have received a lot of attention from both policymakers and aca-
demics. However, previous theoretical studies are often presented in simple monopoly contexts,
with exogenous prices or neglecting important market characteristics. Consequently, there has
been a lack of understanding about how sellers strategically respond to the policy, especially
in imperfectly competitive markets. This has led to the tension between protecting consumers

and promoting competition being overlooked.
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To help address this gap, this paper has provided a theoretical analysis of how mandatory
refund policies affect market outcomes and welfare across the full spectrum of competitive
settings from (local) monopoly to Bertrand competition. We have shown how the mandatory
refund policy raises a seller’s average cost per consumer. If this effect is sufficiently large,
then the policy can actually lead to the market becoming inactive, with welfare losses for all
parties. However, when the market remains active, we have demonstrated how the policy will
always reduce total welfare and profits, but has the potential to raise or lower consumer surplus
depending upon the relative sizes of the return and price effects. In particular, while the
mandatory refund policy always protects consumers from some bad outcomes post-purchase,
sellers’ strategic responses involving advertising and prices can harm consumers.

Our results indicate that policymakers should carefully consider the competitiveness of a
market before imposing consumer protection remedies. In particular, our model suggests that
the consumer protection case for a mandatory refund policy is strongest when the market
is sufficiently uncompetitive and the consumers’ effort cost of returning purchased products
is small. Under such conditions, the beneficial return effect of the policy will dominate any
adverse effect on prices. Surprisingly, the case for the policy can be at its strongest under
imperfect competition away from the monopoly extreme. However, we find that the policy
will harm consumers when the market is sufficiently competitive; here, the policy is counter-
productive as as competition is already sufficient to safeguard consumer welfare. Furthermore,
the policy can also harm consumers, even in very uncompetitive markets, if consumers’ effort
cost are not small. In either case, the policy damages consumers by causing an adverse price
effect that dominates the benefits of the return effect. These results highlight the importance

of understanding how mandatory refund policies interact with competition.
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Appendix A: Main Proofs

Proof of Proposition 1. Let k = o. Any seller i must choose {pio, 7o} to maximize (Dios Tio)
subject to u; =V (r40)—pio = u' € [0,V (s)] where 7 (pio, Tio) = (Pio—¢)—(Tio—S$) fomax{”"_e’o} f(v)dv
from (2) and V (74,) is given by (1). Rearranging (1) in terms of p;, and substituting transforms

the problem to Max,, [’

m

a{rig—e,0} (v—(s—e))f(v)dv+ (s —e) — c — u or equivalently with
use of (3), Max,,, w (1) — u'. We now show that w (r;,) is maximized at r;, = 7% = s. First,

note that when r < e w (r;,) = E(v) — ¢ as no returns take place; w (r;,) is independent of r.
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Second, when r > b+ e, w (1) = s —e — ¢ < E(v) — ¢ as returns always take place; w (r;,) is
also independent of r. Third, when r € (e,b + €), note w'(ry,) = (s — 7i0) f(rio — €) such that
w (1;0) is single-peaked with w'(r) > 0 for r € (e, s), w'(r) = 0 for r = s, and w'(r) < 0 for
r € (s,b+ e). Hence, if s > e, then the increasing region, r € (e, s), exists and so r;, = 7} is
uniquely defined at s. Alternatively, if s = e, then r;, = 7} is not unique - any r;, < s = e
prompts no returns to occur in equilibrium such that w (r;,) = E(v) — ¢. Given this, ¢ can then

set pi(u') =V (s) — u’ to ensure that it offers v’ = V(s) — pi(u/). O

Proof of Lemma 1. For the market to be active given r;;, = p;., we require u;; > 0 and
iz > 0. We already know that any r;, = p;» < ¢ cannot be profitable as (8) becomes strictly
negative. Hence, from hereon consider r;; = p;» > c¢. By manipulating (7), we can state
(piz — ) J3°° f(v)dv = Uiz + piw — f;m—e vf(v)dv — (s —e) [ “vf(v)dv. Then, by inserting
this into (8), it follows that m, = —c — ui, + f[il_e vf(v)dv+ [ (s — ) f(v)dv. Hence, for
seller ¢ to have any potential to be active given r;, = p;;, we require m;; > 0 for some wu;, > 0.
Given s > e, there then exists no p;; = r;; > ¢ such that m;;, > 0 for u;, > 0 if c— s is sufficiently

large because 1) m;, < 0 is strictly negative when ¢ — s is at its largest value with ¢ = F(v) and

s = e, for any relevant p;y = riz > ¢, and ii) 7, is weakly decreasing in ¢ — s. ]

Proof of Proposition 3. a) We know r]" = s from Proposition 1. Then we can use (5) to
show that W > 0 until u;, = 0. Hence, p)* must be uniquely defined with pJ'= V (s).
From inspection of (4), it is clear that pJ* = V (s) > E (v) given s > e. Therefore, from (5),
m(plt,s) = p* —c > 0 given E (v) > c.
b) Provided the market is active, the monopolist will set pJ* = 7' to maximize (8) subject to
consumers being willing to purchase, u;; > 0 in (7). The proof now proceeds as follows. First,
we characterize the unique unconstrained maximizer. Second, we characterize the constrained
maximizer. Third, we show when the constrained maximizer applies in terms of e. Finally, we
show that whenever the constrained maximizer applies, it is unique.
on(p
0

m',Pz'z) =1-F (pw _ e)_

First, denote p as the unconstrained maximizer of (8) which sets »

(piz — 8) f (piz — €) = 0. This is unique because the profit function is strictly concave over the
2 (0 o

relevant range, % = —[2f (piz — €) + (piz — 8) [ (piz — €)] < 0 Vpjz € [s,b+ €] given

f'(v) >0 for v € [a,b]. From here, it also follows that p € (s,b+ €). This interval is non-empty
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o (s,s)

given b > E(v) > ¢ > s > e. p lies within this range because 1) Tprs

=1—-F(s—e)>0,ii)
Irbrebte) — —(b+e—s) f(b) <0, and iii) % <0 Vpig € [5,b+ ).

Second, this unconstrained maximizer, p, will be the equilibrium monopoly price, pI* =
™ =p, if ui, =V (p) —p > 0. If not, with p > V (p), then p!* will become constrained. Denote
the constrained maximizer as p < p where V (p) —p = 0.

Third, we show that the unconstrained maximizer applies only if e is sufficiently small.
Specifically, given b > E(v) > ¢ > s > e, we now show there exists a unique e € (0, E (v))
that is the level of e that sets V (p) — p = 0 where V (p) —p > 0 if and only if e < €. First,
from (7), note that when e =0, V (p) —p = f; (v—p) f(v)dv > 0 given b > p > s. Second,

when e = F(v) = fé)vf(v)dv, V() —p=-— Op\*evf(v)dv — [P

5 (=€) fv)dv < 0 given

b+e > p > s > e Third, totally differentiating V (p) — p in (7) with respect to e yields
die (V(p)—p) =-— ( - g—g) F(p—e)— g—f’z. This is strictly negative given b+e > p > s > e and

% € (0,1), where the latter can be shown from the FOC above:

@\ _ 1 O’ (pixapix) _ / (pix - 6) + (p'i:t - 5) f/ (p’i:v - 6) c (0 1)
e 7827T%pm,pm) OpizOe 2f (pi:r: - 6) + (pix - 5) I’ (pix - 6) ’
Pix

Finally, we show that the constrained maximizer, p < p, is unique whenever it applies for
e € (6,E (v)). Recall that p is defined as the level of p such that V (p) —p = 0. To begin,
note that i) V (e) —e = fobvf(v)dv —e=FE(v)—e>0VYe< E(v);ii) @%(V(pi,x) — Pig) =

—(1=F(pix—e)) <O0given e < s < pjz <D < b+e; and iii) V(p) —p < 0 Ve > € from

above. O

Proof of Proposition 4. Given ul' = V(s) —pl* =0, it follows that Au™ = ]

T

I
<

(p') —
pt. Hence, using Proposition 3, we know Au™ > 0 if e < € but Au™ = 0 for e > €. Using

the identity, Aw™ = An™ + Au™ we can then state Ar™ = Aw™ — Au™. Using (12) and

evaluating at pJ' yields Anr™ = — fi_e(v —(s—e))f(v)dv — Au™. It then follows that both
A7™ and Aw™ are strictly negative given pI* > s > e. O
Proof of Proposition 5. a) We know r2 = s from Proposition 1. Given this, competi-
tion then forces profits, m;, in (5), down to zero such that pf = ¢. From inspection of

(4), it is clear that V (s) > E(v) > c such that v > 0. b) From (7), we know u;, =

o

f:m—e (v— (piz —€)) f (v)dv — e. This is decreasing in p;; = 74, for the relevant range as
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Oy | Opiz = — fpb_ _f()dv=—(1—F(piy —e)) <O0forall pe0,b) and e > 0. Thus, sellers
will compete by lowering p;, = 7;, until the point where 7;, = 0. From the proof of Proposition
3, we know 7, is strictly concave. Therefore, if 77" > 0, there exists a unique pf € (e, p] that

sets Tz = (pB —5)- (1 — F(pB —¢)) — (c—s) = 0. O

Proof of Proposition 6. Since Ar? = 0, it follows from the identity, Au® = Aw? — AxnB,
and (12) that Au” = Aw? = — fi_e(v — (s —€))f (v) dv. This is negative given p2 >s. [
Proof of Lemma 2. The equilibrium follows immediately from Baye and Morgan (2001) for
a given refund, r. € {s, pix }, after adjusting for the different per-consumer profit function. One
can verify that H2(p;.) is well-behaved with H,f(gﬁ) =0, HA(p) = 1, and H2 (pix) > 0 for
Dix € [Bn’ pi'] given that m, (pix;77,) is strictly concave. Finally, to show that p, = ¢ > s, note
that p_ will be at its lowest when A — 0 and o — 1 such that . <BH;7";"H> — 0. But this
then implies that P, —pB which we know is weakly greater than ¢ and strictly greater than s

as pB > pB = ¢ > s from Proposition 5. O

Proof of Proposition 9. First, recall that 0 < A, < A,. Second, note that the change in
total seller profits AnT = (1 — o) An™ < 0 for A € (O,flz] as total seller profits then equal
m nA

— —= as

1—o)m*+ #—fl in each regimes. However, for A € (A,, A,), AnT = 7" — (1 — o) 7" P

nw, = 7. Given A, = o (2=1) 7™ this can be rewritten as An7 = (1 — ) An™+ %(Ax —A)
which is strictly negative for all o as A > A,. Third, note that the change in advertiser profits
equals Ap = nAAa. We then know a) A¢ = —nda, < 0if A € (flz,flo) as o, = 0 and

€ (0,1), and b) Ap = nA(ag — ap) = —nAn-1 (12195"11 - 1210"11> < 0if A € (0, A,] because
0< A, < A,. O

Appendix B: Proofs of Propositions 10 and 11

Proof of Proposition 10

Suppose o — 1. In this case, for a given policy regime, all the consumers are shoppers and
will optimally expect to pay the lowest price in the market which we denote as E(minp,;). We

know from existing results based on the Baye and Morgan framework, such as Morgan et al.
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(2006b), that E(minps) =p_+ f;);n(l — aH2 (p))"dp. For what follows, it is useful to derive

some features of E(minp,). (The proof is relegated to the end of this appendix).

Lemma 3. Suppose 0 — 1. For any given policy regime, k, in equilibrium, the equilibrium

expected minimum price, E(minp,), lies in the range, (p2,p™], where a) lima_oE(minp,) =

p2.b) E(minpy)| 45 5, = pi's and c) aE(Tginp“) = n(E(ng;j_B’) > 0 for A € (0,A,) where
. OE(minpz) n?
mas0 =55 = G e O

Under regulation, given consumers expect to pay the expected minimum price, then they will
also expect a refund equal to the expected minimum price, 7} = E(minp,). (The refund under
no regulation remains equal to 7} = s.) It then follows from (1) that the expected consumer

surplus per consumer equals

b ri—e
Ui = / vf(v)dv + / (r. —e)f(v)dv — E(minp,) (16)
T 0

*
€

where r € {s, E(minp;)}. Total welfare per consumer remains equal to

*

wmz/rb vf(v)dw/or”_e(s—e)f(v)du—c (17)

*
€

We are now in a position to prove results i) and ii) of Proposition 10. To do so, it is useful
to employ the identity, Au = Aw — AnT — A¢.
We begin with result i). Suppose A € (A,, A,). For this interval of A, we know from Lemma

2 that Aw = — p;"fe(v —(s—e€))f(v)dv < 0 as E(minp,) = p*, AnT = 71" — g—fl <0 as

s—e

nwy = o and 0 — 1, and A¢ = nAAa = —nda, < 0 as a, = 0. By differentiating Au,

xT

one obtains % — %ATM _ Bgizf ? % where a{ilw = 0, 7832? = 9 > Oland 788AA¢ =
D B A\ n-1 oAy A \nT
nlA%% + a0 = nll - (z25) (4£) ") Hence, %8¢t = (z27) +n[t — (327) (4-) " 'J. Then note
1
, A 2A 2(A\nT 1 A
lZmAHAO =t = (%) — (%) =0and o = —(7%9) <A~—0> -5 < 0. Therefore, at A = A,,

Au is at a maximum point and thus, for A € (4,, A,), % > 0. Then, at A = A, we know
from Proposition 4 that Au = Au™ = 0 for any e > €, and so it follows that Au < Au™ =0

for all A € (A,, 4,) ife>e.

Next, we move onto result ii). Suppose A € (O,flx). Given 0 — 1, we immediately know

that Au = Aw — A¢ as Anw = 0 from Proposition 9. Therefore,

E(minpg)—e
Au:Aw—Aqb:—/ (v—(s—¢€))f(v)dv—nAA«a

S—€
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We now show that Au < Au® < 0 holds as A marginally increases away from zero.

First, note that limy_.gAu = lima_,gAw because lims_,0A¢ = 0 given A¢ = nAAa =
—nAT (A;il - ;1;1*).

Second, as limg_,oE(minp,) = pZ, it follows that limy_,0Au = Aw?® = AuP < 0 from
Proposition 6.

Third, as A increases away from zero, it follows that

0Au  9Aw NG
A~ 0A 04

OE(minp;)  OnAAa
0A 0A

—(E(minpy) — s) - f (E(minpg) —e) - (18)

where %A—Aw = —(E(minpy) — s)f (E(minpy) — e) % < 0 using Lemma 3, and where

1 1

—%A—A‘ﬁ = —8”5@?0‘ = n(%l)Aﬁ (A;”‘l — fl;"‘l> > 0 for all A € (0, 4,) using Proposition

Fourth, limAﬂg%:hmA_)O%A—Aw because limAﬁo% = 0 and so by using (18), the sign of

OE (minpz)
0A

limAﬁo% hinges on the sign of limy_,q given E(minp,) > s > e.

OE(minpy) 2 OE(minpy)
0A

Fifth, using Lemma 3, we know lima—0=—51 = (n—1)7r7’-1 WF) > 0. Thus, lim4_,q >

0 such that lim Aao% < 0. Therefore, Au < Au®P < 0 for some A close to zero as required.

Proof of Proposition 11

Suppose A — 0 such that lim4_,0a, = 1. In this case, for a given policy regime, note that
shopper consumers (who optimally buy from the seller offering the lowest price) expect to pay
the expected minimum price on the market, whereas non-shoppers (who buy from their local
seller) expect to pay a price equal to the mean price. This implies that the two consumer types
expect to pay different prices. The different prices are described in (19) and (20) where the

latter versions of the expressions follow from integration by parts (see Morgan et al. 2006a).

B =p,+ [ (1= B2 (19)
Blminp,) =p,+ [ (1= HAG)"dp (20)

—K

For what follows it is useful to derive some features of F(p,) in the following lemma. (The
proof is relegated to the end of this appendix. Note F(minp,) behaves very similarly to E(pj)

but it is not necessary to detail at this point.)
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Lemma 4. Suppose A — 0. For any given policy regime, k, in equilibrium, the equilibrium
expected price, E(py), lies in the range, (p2, p™], where a) limy_1E(px) = p2, b) limy_0E(px) =

E( 36)_ . o - am
—(gl_f)(l_%”)?y < 0 for o € (0,1) where limy_y E(o ) = A )

OF (pr
P, and c) 8(5 ) — < 0.

We can now form the associated welfare measures. The welfare measures are more involved
in this setting because of the different consumer types and the equilibrium price distribution.
Specifically, under either policy regime, each consumer type expects to pay different prices,
E(px) and E(minp,). Furthermore, under a mandatory refund policy, in addition to paying
different prices, the consumer types also expect different refund levels. Hence, we can denote

UNS

NS and u? as the expected utility per-consumer of non-shoppers (NS) and shoppers (S) as

below, where Y% € {5, E(p,)} and r2 € {s, E(minp,)}. Tt then follows that overall expected
consumer surplus equals u, = (1 — o)ul® + ou?.

b NS

WS — / of (v)do + / TN — &) f(w)dv — E(py) (21)
rNS—e 0
b rS—e
Uy = / v (v)dv + / (g — e)f (v)dv — E(minpy) (22)
rs—e 0
Finally, total welfare per transaction can be expressed as before in (6) because r,iv 5= T,f = s.

However, under the refund policy, the consumer types expect different refunds and so we denote

NS

Wy

and w,f as the expected total welfare per transaction for non-shoppers (NS) and shoppers

(S) as below using (9), where overall expected welfare per transaction equals w, = (1—o)w)*> +

S

ow,, .

NS

b re " —e
whs / vf(v)dv+/0 (s—e)f(v)dv—c (23)

NS_
P e

b rS—e
T— / vf(v)dv—i—/o (s—e)f(v)dv—c (24)

S e

We are now in a position to prove Proposition 11. To do so, it is useful to employ the
identity, Au = Aw — AnT (as advertiser profits are not applicable, A¢p = 0, given A — 0).

Therefore, using n7 = (1 — o) 7" from above given A — 0, we can state

Au=Aw— (1 —o)An™.

37



We next show that Au > Au™ as ¢ marginally increases away from zero.
First, note that lim, ,0Au = Aw™ — Ax™ = Au™ > 0. This follows from Proposition 4
because lim, ,oAw = Aw™ as lim,_,ow, = w f NS_ dv—i—fo (s—e)f(v)dv—c

for k € {0, 2} where V% = s, 15 = E(p,) and hmg_,oE(px) = pi.

Second, as ¢ increases, it follows that

0Au  0Aw  O(1 —o)Ar™ _ Ow, m
doc ~ do Oo = do + A (25)

as 35(”; = 0. Then we know A7n™ < 0 from Proposition 4. Further, aasz > 0 as % =

{oa

(wf—wivs)—i-(l—a)&ga +088§ where w3 — wl¥ E;:;;pe —(s—e))f (v)dv >0, and
owls OE(px)
oo - [E(pn) - S] : f (E(pm) - 6) ' oo (26)
ows B _ , OE (minpy)
90 — [E(minpy) — s] - f (E(minp,) —e) - 5 (27)
Third, we evaluate (25) at the limit, o — 0. Note
) 0Au . ow,, m
lims—s0 55 lime—o ( o T ) (28)
where
, Owy , owls , owls
lzmg_mg = limy—0 ((wf — wi,vs) + % ) = limy—0 ( e )

S

because limq_so(w? — wl¥®) = limg_so fE mmpe) Jv—(s—e))f(v)dv =0 as E(p,) and

E(minp,) tend to pI* via (versions of) Lemma 4.

. . Bwivs . OE(pz)
From (26), we then know that the magnitude of lim, o ( —5%— ) depends upon lim, 0=

Using Lemma 4, recall that lims—g 8%(5 ) _ —— (;rg.r* j and consider two cases that depend

upon the level of e.

First, if e < €, then we know from Proposition 3 =/, (pi*;rf,) = 0 as a monopolist can

optimally set the unconstrained maximizer, p)' = p. Therefore, lzmgﬁana(p 2) — 50 and

limg—o (alg%:s) = oo. Hence, from (23) and (28), it must be that limaﬁg% = oo given

A7™ is a (negative) finite number and so Au > Au™ > 0 at ¢ — 0. Such a level of e < € exists

because we know from the proof of Proposition 3 that € > 0 and is independent of o.
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Second, if e > €, then we know from Proposition 3 that «., (pi*;7},) > 0 as a monopolist

becomes constrained with pJ' = p < p. Here, lims_0 63 will still be positive if e | € such that

/

.. (P rk,) is sufficiently close to zero and so Au > Au™ = 0 at ¢ — 0. However, as ¢ — ¢(e, s)

such that 7 — 0, then lims,_0 88A can be negative because lzma_ma 6(p z) hecomes sufficiently

close to zero to leave limg_q 86 = limy_0 ( 8“(’7 m) such that Au < 0= Au™ at ¢ — 0.
Finally, we show that such a level of e > € can exist with ¢ — é(e, s). For example, we
demonstrate that when s — ¢, € — 0 such that e > € always applies given e > 0. As s — ¢,
we know from (14) that é(e,s) = (p' —¢) - (1 — F(p' —e)) + c. Given s — ¢, this implies
that lim._seqmp = (3 —¢) - (1 = F(py' —e)) = 0 such that é(e,s) = pi'. We now show
that at s — ¢ — ¢é(e,s) = pl', it must be that pJ* equals the constrained maximizer, p < p,
such that V' (p) —p = 0. This follows by contradiction. Suppose instead that p* = p. Then it
follows from the FOC, % =1—F(pix—e€) — (pm —8)f(piz—e) =0,that p=b+e
given ¢ = s = pjz. At p=>b+e, we know p > V (p fA vf(v)dv + ff_e(ﬁ— e)f(v)dv will
always apply such that pl' is always constrained, pJ' = p. To derive this note that p > V (p)
becomes b +e > b fo v)dv when evaluated at p = b+ e and this condition always holds for
any e > 0. Therefore, as the monopoly price is always constrained, p' = p, it must be that
e=0at s — c— ¢é(e,s) = p* = p such that e > € always applies.
Proof of Lemma 3. b) If A > A, E(minp,) = p™ as the sellers always price at p”. To
show a) and c), let zx(pix, A) = ﬁm such that HZ2 (pic) = al“ (1 - z,@(pm,A)ﬁ)

and E(minp,) = p. + fp“ x (D, A)n 1dp To prove a) limg_,oE(minp.) = pZ, note that

nA
n—1-°

limg_,0E(minp,) = P, and hmA%OQZ = p? from the definition of BZ: ik (BK;T;J =

To show b), use the Leibniz integral rule to differentiate FE(minp,) with respect to A to ob-

. 7 1 0z (p, 02k (pir,A < (Dir,A
tain fg’: e ze(p, A)n1 - = (p )dp where % = %mn(p;;r;) = Z (pA ), Therefore,
8E(7gj;‘np“) = A 1 fp" = idp = %. This is strictly positive as E(minp,) >

p_ for A € (0, A). At A=0, % is an indeterminate form because both the numerator

and denominator equal zero (as E(minp,) and p, equal p2). However, by applying L’Hopital’s
OE(minpg) BBI )

. n e,
% = lima_o 8(2_1) 947 which, after rearranging, gives

rule, we know that lim 4_.g

lim Aﬁow = lim Aﬁon%. From using the implicit function theorem and Lemma 2, we
BEL o n . OFE(minpg) __ n2

know % = m. Hence, lima—0—55% = oL B > 0 as P, tends to

Py <y O
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Proof of Lemma 4. Let zﬁ(piﬁ, o) = (I_U)h?—ﬁ(pf“’r:")] > 0 such that H,f (pix) = (1 — z,.ﬁ(pm,o)ﬁ>

onm(Pir,ry,)

and E(px) = p +fp"’" x(p, o) = 1dp To show a) lim, 1 E(p.) = p? note that lim, 1 E(p.) = p

K

and limy1p* = pB from the definition of p:7(p 1) = % For b) lim,0E(px) = p}7’

because limgy_op = py’. To show ¢), use the Leibniz integral rule to differentiate E(p,) = P+

1 .
fp“ 2k (p, O')" I dp with respect to o to obtain fp"“ z,{(p, )j_l . 782”8(5’0) dp. As 782”(5;”’0) =

N OB(ps) _ 1 T A (BEp)-p,)
nrpinrl) _0(1—0)'2%(191'%7‘7) <0, %" = T 5A=e) =) f £ Za(p,o)nTdp = T D10
This is strictly negative for o € (0,1) as p_ < p}'. At 0 =0, aE(p =) is an indeterminate form

because both the numerator and denominator equal zero (as E(p;) and p_equal p;’). However,
<(;E(Pz) 7%)

3E6(Px) = limy_0 — % which, after

by applying L’Hopital’s rule, we know that lim,_q

op
rearranging, gives lzmaﬁxoa (p z) _ lzmgﬁoi 5= From using the implicit function theorem and
0 1)mig e ) T ; 9
Lemma 2, we know % = —f:,l (p)i*(%(fl_ir;). Therefore, limy_sg a%( o) — lzmgﬁo% B%D =
—#:*) <Oasp tends to p2* and p}' < p such that 7, (pi*;rs,) > 0. [
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Supplementary Appendix: Buying from Multiple Sellers

In the context of unit demand, the main model assumed that it was prohibitively costly for
consumers to buy from more than one seller. Although this assumption is common within the
literature (e.g. Inderst and Tirosh 2015) and trivially satisfied under monopoly, consumers can
sometimes buy from multiple sellers in practice before returning some unwanted purchases. In
this section, we show how our results can remain robust when one relaxes this assumption to
allow consumers to buy from more than one seller.

To do so, we make a few modifications to the main model (under the assumption there are
n > 2 sellers). First, we focus on the case where the sellers sell identical experience goods such
that a given consumer’s match value is now the same across all sellers, v,,. Specifically, any
given consumer’s match value continues to be drawn from F'(v) and is still unknown until after
a purchase is made, but the match value is now only consumer specific and does not vary across
sellers. Second, contrary to the main model, after observing the sellers’ prices and refunds, we
allow each consumer to simultaneously purchase from any number of sellers, k < n, in Stage 2.
Then, in Stage 3, any consumer m that purchased from k& > 1 sellers, then learns v,,, before
deciding how many, and which, of their purchases to return. For any consumer m, this Stage 3
decision reduces to a choice between returning k — 1 or all k of their purchases as the consumer
will never wish to keep more than one product given their unit demand. If a consumer returns
multiple goods, we assume they incur the effort cost, e € [0,s), on each returned product as
each product has to be returned to a different seller. In line with the main model, we assume
that r; > s > e for any relevant seller ¢ such that consumers are not completely deterred from
making returns and sellers do not make losses from returns.

Under these conditions, we now show that all the results from the main model remain
robust. This follows because, despite being able to buy from more than one seller, Proposition
12 demonstrates that consumer will never find it optimal to do so, even if sellers are allowed to

have asymmetric prices and refunds.

Proposition 12. Suppose the sellers sell identical experience goods. Then, even if consumers
can simultaneously purchase from any k < n sellers, they will never find it strictly optimal to

buy from more than one seller.

At first glance, this result may seem obvious because the purchase of an additional identical

product may seem pointless. However, as we now explain, this is not so straightforward - the
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purchase of an additional product with a different refund level can generate subtle, qualitatively
important effects on a consumer’s return decisions.

To derive the result, suppose without loss of generality that the sellers’ offers can be ranked
in terms of their ex-ante expected net utility, wix = V (7ix) —Pix, such that w1, > ugy > ... > Upy.
Further suppose that at least two sellers’ offers exceed the zero outside option, ug, > 0.

If any consumer was going to buy only from a single seller, they would optimally buy from
the seller with the highest ex-ante utility, seller 1. Following the logic of (1), the consumer

would then keep the product only if v > 71, — e and so gain an expected payoff equal to

b

Uty = —pis + V (F1x) = —P1s + / vf (v)dv + /Om_e(m —e)f(v)dv (29)

Tik—€

We now consider whether any consumer would ever find it optimal to also buy from any addi-
tional seller, j # 1. The expected utility of buying from both seller 1 and j can be expressed as
follows.

Uljk = —Plx — Pjx + max{rlm Tj/@} —e+V (min{rlm rjﬁ}) (30)

Intuitively, if the consumer buys from both sellers 1 and j, the consumer will always want
to return at least one product because they only have a unit demand and because r;,, > e
Vi. To decide which product to return for sure, the consumer need only compare 11, — €
versus 7, — € because the two products have a common value, v. Hence, aside from paying
for both products, the consumer will always return the product with the highest refund to
obtain max{ri, rj,{} — e. The consumer then faces a decision of whether to keep the remaining
product or to return that one as well. Following the logic of (1), the consumer will then keep
the remaining product only if v > min{ry,, ;. } —e and this product will offer an expected gross
utility of V (min{ri., 7. }) = fflin{mm”n}_e vf(v)dv + fomin{m””’rj”}*e(min{rlm rin} —e)f(v)dv.

Given this, the consumer will prefer to buy from only seller 1 rather than buying from both

sellers 1 and j if u1j, — u1, < 0. To examine uq, — w14, it is useful to consider two exhaustive

cases depending on whether rq,, < 7, or 71, > 7. Using (29) and (30), we can write
(Ulj;i - ulf{)’TlﬁgT‘jK = —Pik — Pjr + Tjk — € + V(rlm) + pik — Vv (rlm) = —Pjr + Tjk — € (31)

(uljn ullﬁ)|'f’1n>?“‘,€_ Pl pjff Tk—€ [(qjﬁ) Pik L(;ll‘{)_ pjff Tk—€ [(qjﬁ) L(71,‘6)
J
(32)
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These expressions can be understood as follows. First, consider the simpler case in (31)
where r1, < rj,. Here, the consumer knows that they will always return product j if they buy
both products. The consumer’s key decision of whether to keep the remaining product 1 is
then identical to the return decision that the consumer would have faced had they only bought
product 1. Therefore, the net benefit of additionally buying product j in (31) boils down to a
simple comparison between product j’s price, pj., and its net return value, r;, —e. Hence, there
can never be a strict net benefit from buying an additional product because —pj. + 7. —e <0
given 7, < pj, and e > 0.

Second, consider the more subtle case where 71, > ;. in (32). Here, the intuition is more
involved because if the consumer buys both products, they know that they will now always
return product 1, rather than product j. Thus, the net benefit of additionally buying product
J in (32) firstly involves a comparison between the extra price of buying product j, pj., with
the net return value of product 1, ri, — e. However, unlike the first case, the consumer’s key
decision of whether to keep the remaining product j now differs to the return decision that the
consumer would have faced had they only bought product 1. Hence, the expression in (32) also
involves an evaluation of the gross expected value of buying product j, V(rj.), with the gross
expected value of buying product 1, V(r1,). To then evaluate the sign of (u1jx — U1x)|r,>rjn
one can use Ui, > Ujx to bound pj, > V(rjx) — V (r1x) + p1x. By then substituting this into
(32), it follows that (u1jx — Uik)|ry.>r;. < 71k — (P1s + €). This implies (u1jx — U1k)lr,>r;, <0
as r1x — (p1x +€) < 0 given 1 < p1,; and e > 0.

Therefore, (u1jx — u1x) <0 for 71, < 7, or 71, > 7. Hence, a consumer will never find it

optimal to buy more than one product and all the results from the main paper remain robust.
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