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Problem definition: Novel life-improving products such as solar lanterns and energy-efficient cookstoves
address essential needs of consumers in the Base of the Pyramid (BOP). However, their profitable distri-
bution is often difficult since BOP customers are risk-averse, their ability to pay (ATP) is lower than their
willingness to pay (WTP), and they face uncertainty regarding these products’ value.
Academic/Practical Relevance: We examine two practical strategies from distributors in the BOP: (1)
improving the product’s affordability through a discount, and (2) increasing awareness of the product’s value.
Our results identify BOP-specific operational trade-offs in implementing these strategies. We also propose
strategies to manage these trade-offs that can increase consumer surplus in the BOP.

Methodology: We introduce a supply chain model for the BOP and analyze the distributor’s pricing prob-
lem with refunds, as well as the distributor’s optimal budget allocation between strategies (1) and (2).
Results: We find that, in the BOP, the distributor’s profit-maximizing budget allocation often yields the
lowest consumer surplus. This misalignment between profits and consumer surplus disappears if customers’
ATP is high. Moreover, the misalignment can be resolved if the distributor offers free product returns and
commits to a maximum retail price. We confirm the robustness of our results through numerical simulations.
Implications: Best operations strategy practices in the BOP can differ significantly from developed markets.
Furthermore, BOP customers’ limited ATP and high risk-aversion generate a BOP-specific misalignment
between profits and consumer surplus. Operational commitments such as free returns reduce this misalign-

ment and can serve as a signal to investors of a social enterprise’s focus on consumer surplus.
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1. Introduction

Since the early 2000s, there has been an increasing academic and corporate interest in the creation
and distribution of innovative life-improving durable goods that address the unmet needs of Base of
the Pyramid (BOP) customers, i.e. the 800 million people that earn less than $2 a day in purchasing
power parity (PPP) (World Bank 2016). Examples of life-improving durable goods are affordable
solar lanterns, non-electric water purifiers, and smoke-reducing cooking stoves (for a sample of

these technologies see Essmart 2020). The profitable distribution of these is the goal of hundreds
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of social enterprises' and billions of dollars of investment?. However, businesses have struggled to
create and implement profitable BOP-specific distribution strategies (Simanis 2012).

Although the need for research on BOP-specific distribution strategies has been widely discussed
in the management literature over the last few decades (see Prahalad 2006), there are few operations
management papers that model and examine BOP supply chains. To address this gap, we model
and analyze the operations strategy of a BOP distributor that allocates an investment budget to
profitably distribute a new life-improving durable good. Consistent with the goal of most social
enterprises, the distributor maximizes a mix of its profits and consumer surplus. We consider a
model where a distributor sells a product to a profit-maximizing retailer that, in turn, sells to BOP
customers, modeling the main components of most BOP markets (Bellman et al. 2018).

BOP customers’ ability to pay (ATP) for the life-improving good is often lower than their will-
ingness to pay (WTP). Customers with ATP lower than their WTP is a context-defining feature
of the BOP (Banerjee et al. 2012) and is a key feature of our model. Furthermore, we model BOP
customers as being risk averse. The connection between risk aversion and poverty is well estab-
lished in the literature (Haushofer and Fehr 2014). In practice, BOP customers are frequently not
informed of the benefits that a new life-improving product might provide. As a result, customers
might not buy the product due to uncertainty about the product’s value and fear of regretting
their purchase. Thus, we assume customers have two possible informational states: uninformed,
where a customer has a high degree of uncertainty about the product’s value, and informed, where
the customer is aware of the product’s value (Shugan and Xie 2000).

Recent field experiments suggest that allowing for product returns can be an effective tool
for promoting product adoption in developing countries, see Dupas (2014b) and Levine et al.
(2018). In practice, although a few BOP-focused organizations allow customers to return products,®
product returns have been an underutilized option in the BOP. This is surprising, considering that
many life-improving products are experience goods where customers have difficulty appraising the
product’s benefits before purchase. Hence, our model assumes that the retailer, incentivized by the
distributor, can offer customers the option to return a product for a refund.

We use our model to study two decision-making problems. The first is the Pricing Problem
where the distributor chooses the product’s wholesale price and the refund it gives the retailer for

! Social enterprises are organizations whose objective combines social and economic value creation. This mixed objec-
tive differentiates social enterprises from both for-profit businesses and from charities (Miller et al. 2012).

2The Global Investment Impact Network estimates that the impact investment market surpassed $500 billion in
2019. See https://thegiin.org/research/publication/impinv-survey-2019

3 Companies such as Burro, a solar product distributor in Ghana, EcoZoom, a cookstove manufacturer in Kenya, and
Pollinate Energy, a distributor in India, are a few examples of social enterprises that offer customers the option to
return products after purchase.
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returned products. The retailer, in turn, decides the customer price and the refund (if any) it offers
to customers that regret their purchase and choose to return the product.

The second problem we examine is the distributor’s Allocation Problem where the distributor,
based on the prices and refunds set in the Pricing Problem, allocates an investment budget to
increase profits and consumer welfare. We assume the distributor allocates the budget between
two common types of investments:

1) Invest in improving product affordability through discount coupons or vouchers. Many of the
life-improving technologies are well-established, e.g. induction cooktops, water purifiers, and solar
lamps. However, these technologies are rarely offered at a price point that BOP customers can
afford. With the goal of managing this affordability issue, many BOP organizations address cus-
tomers’ low ATP with discount coupons, subsidies, or financing options.

2) Invest in customer education to increase awareness of the product’s value. Some benefits of
innovative durable goods are not immediately understood by customers.* To address information
gaps, many social enterprises invest in educational campaigns to increase the number of BOP
customers that are informed of a life-improving product’s existence and benefits.?

We analyze (i) how the BOP distributor should allocate its investment budget between improv-
ing affordability and customer education (1 and 2 above), (i7) how the the distributor’s optimal
investment strategy changes depending on consumers’ ATP and risk aversion, and (#ii) the inter-
play between the distributor’s optimal investment strategy and consumer surplus. We first analyze
a setting where all customers have the same ATP. We then leverage this analysis to examine the
case where customers have heterogeneous ATP.

We find that, in equilibrium, investments in affordability always improve the distributor’s objec-
tive. However, investments in consumer education might worsen the distributor’s objective if cus-
tomers have low ATP and low to moderate risk aversion. Thus, the value of information (Shulman
et al. 2009) can be negative in BOP contexts and depends on customer ATP and risk aversion.

Moreover, we characterize the optimal allocation and pricing strategies as a function of cus-
tomers’ ATP and risk aversion level. We prove that if customers’ ATP is low and risk aversion
is high (which is typical of a BOP context), then the distributor’s profit-maximizing allocation
is to increase product affordability, not allow product returns, and skim the market by target-

ing customers with high ATP. This pricing and allocation strategy induces the lowest average

4 For example, smoke-reducing, fuel-efficient, clean cooking stoves could reduce the 4.3 million annual deaths that are
linked to households cooking over coal, wood, and biomass stoves (World Health Organization 2016). However, BOP
customers are usually uninformed of the negative long-term health repercussions associated with using inefficient
stoves, or of the existence of cleaner cooking solutions. As a result, potential customers may be unwilling to pay for
unfamiliar products that may not meet their immediate perceived needs (Global Alliance for Clean Cookstoves 2016).

® Besides Essmart, social enterprises such as Burro (BOP distributor in Ghana) and Bidhaa Sasa (BOP distributor
in Kenya) rely on teams of sales executives to perform product demonstrations and promote their products
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consumer surplus. Conversely, if customers’ ATP is high (typical of a non-BOP context), the profit-
maximizing allocation strategy is to increase customer education, accept product returns, and
price the product so that all customers purchase. This pricing and allocation strategy induces the
highest average consumer surplus. Hence, our analysis illustrates a tension between profits and
consumer surplus that is BOP-specific. This result has practical implications: profit-maximizing
operations strategies might have adverse implications on consumer surplus when implemented in
a BOP context. Finally, we show that the distributor can mitigate this tension by committing to
offer free returns to customers and by setting a maximum retail price.

Our results shed light on the trade-offs and challenges that emerge when designing an organi-
zation’s operations strategy in the BOP. They provide theoretical support for novel distribution
strategies and operational commitments that are being implemented by social enterprises aiming
at profitably distributing life-improving products and improving consumer welfare in this context.

Several of our modeling assumptions are drawn from the experience of Essmart, an Indian social
enterprise that is the main motivating case study for this paper. Essmart has several distribution
centers that serve a network of over one thousand small retail shops in southern India. See Appendix
A for a discussion of Essmart’s operations strategy.

The rest of the paper is structured as follows. In Section 2 we present a literature review. In
Section 3 we introduce our model. Section 4 examines the setting all where customers have the
same ATP, while Section 5 adresses customers with heterogeneous ATP. In Section 6, we consider

a continuous model and examine the robustness of our results. Finally, Section 7 concludes.

2. Literature review

Our results contribute to the literature on social entrepreneurship, product returns, sustainable
operations, and the intersection of marketing and operations management. To the best of our
knowledge, this is the first study of an equilibrium model that describes the challenges BOP
distributors face when attempting to profitably reach consumers with low ATP and risk aversion.

We position our paper with respect to this literature next.

2.1. Social entrepreneurship and development

Mair and Marti (2006) describe social entrepreneurship as “a process involving the innovative use
and combination of resources to pursue opportunities to catalyze social change and/or address social
needs.” Social entrepreneurship emerges in contexts where goods and services are not adequately
provided by public agencies or private markets (Dees 1994) and where market and government
failures are perceived (McMullen 2011). Through our model, we can address the particular problems

confronted by social enterprises operating in the BOP.
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Recent BOP field experiments motivate the inclusion of product returns in our model. Dupas
(2014b) finds through a field experiment in Kenya that short-term subsidies for bednets can boost
long-term-adoptions because consumers, by trying out the bednet, learn its value. Dupas (2014b)
also speculates that “free trials” could be an effective tool for promoting product adoption in the
BOP. Similarly, Levine et al. (2018) observed in Uganda that giving customers the right to return a
cookstove dramatically increased their adoption. Our results provide a game-theoretic foundation

for these observations.

2.2.  Socially responsible supply chains

Our paper is inscribed within the recent research trend in operations management that studies
socially and environmentally responsible value chain innovations; see Lee and Tang (2018) for a
motivation and literature review. Sodhi and Tang (2017) challenge the supply chain community to
develop frameworks for supply chains that seek to have social impact and be financially sustainable.
Given the BOP context we consider, our model is one answer to this challenge.

Recently, Uppari et al. (2017) analyze strategies for off-grid energy business models that rely
on rechargeable lightbulbs in low-income markets. Similar to our paper, they assume that BOP
consumers face financial distress. Zhang et al. (2017) and Gui et al. (2018) consider replenishment
strategies that can help retailers in low-income markets manage costs. Since Essmart, who motivates
this paper, uses a “deliver-to-order” replenishment strategy to retailers, we focus instead on the
trade-off between consumer education and product discounts, modulated by product returns.

A popular research stream is the study of practical mechanisms to incentivize suppliers to comply
with social and environmental standards, e.g. Plambeck and Taylor (2015), Chen and Lee (2016),
and Huang et al. (2017). Our paper relates to this prior work in that we also characterize the
equilibrium behavior of a three-tier supply chain, and quantify the incremental value of different
strategies. However, the focus of this literature is usually on a buyer trying to incentivize a supplier
that is difficult to monitor. In contrast, we focus on a distributor trying to incentivize a local
retailer to carry life-improving products in a low-income market with risk-averse BOP consumers.

A paper related to ours in this area is Taylor and Xiao (2019). They compare distributing socially-
desirable products through non-commercial and commercial channels, where the latter includes a
for-profit intermediary, in a model that incorporates consumer awareness. Taylor and Xiao (2019)
study the optimal subsidy by an international donor. Our model is different in several aspects,

including the presence of product returns and locally-provided product financing.

2.3. Product returns, valuation uncertainty, and marketing
We build upon the literature on operations of reverse logistics systems that support product returns.

In particular, Su (2009) proposes a model where consumers face valuation uncertainty before
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Figure 1 Summary of model parameters and decision variables.

purchasing and proposes contracts that coordinate the supply chain including product returns. In
contrast, we incorporate information control to the consumer and increasing product affordability,
while we ignore aggregate demand uncertainty and do not address the inventory management
component of the problem, which were not significant concerns for Essmart, our industry partner.
Our customer education model and the Pricing Problem’s outcomes are related to the marketing
literature on advance-selling (Shugan and Xie 2000, Xie and Shugan 2001). However, these papers
assume two pricing opportunities before the service is provided: the advance price and the spot
price, where customers’ valuation uncertainty is revealed before the latter. Instead, our model has
one pricing opportunity and the valuation uncertainty is revealed after buying the product.
Shulman et al. (2009) consider a model with risk-neutral consumers and two horizontally differ-
entiated products. They consider a binary decision of providing either full product fit information
or no information to consumers, and identify conditions where it is optimal to provide full informa-
tion. In contrast, we consider a richer information control model and incorporate consumers’ risk
aversion and ATP, which are key characteristics of the BOP (see Shukla and Bairiganjan 2011).
While Shulman et al. (2009) shows that improving information availability might reduce a retailer’s

profits, we describe how the value of information changes with customer ATP and risk-aversion.

3. Model

We introduce a game-theoretic model of a supply chain that distributes a life-improving durable
good designed for BOP customers in a low-income market. The supply chain has three echelons:
the distributor, the retailer, and the customers. As is standard in the literature, we assume that the
distributor anticipates the retailer and customer actions. The model parameters, which we explain
in detail in the remainder of this section, are depicted schematically in Figure 1.

We assume that the market has a constant number of customers. To simplify our notation, we
normalize the total demand to 1, and we work on a per-unit accounting basis. We focus on the
case where there are only two possible customer valuations and two levels of customer financial
distress. This setup provides novel managerial insights and is analytically tractable. In Section 6,

we verify their robustness in a more sophisticated customer model through numerical simulations.
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We introduce the supply chain model in three steps. First, we model customer purchasing behav-
ior in the BOP. Next, we model the retailer’s behavior as well as the distributor’s Pricing and

Allocation Problems. Finally, we describe the sequence of events in the game.

3.1. Base of the Pyramid customers

We assume customers face product uncertainty: they might not know the exact product’s value
before their purchase. Specifically, customers have a valuation v, or v; for the product, where
v, > v;. A fraction S of customers has a high valuation vy, while a fraction 1 — 8 has a low valuation
V.

Prior to their purchasing decision, the customers may receive a marketing signal from the distrib-
utor (the signal models a marketing campaign). The random variable S € {0,1} indicates whether
a customer received this signal and is informed (S =1) or uninformed (S =0). Thus, P(S=1)=40
models the reach of the marketing campaign and, ultimately, the customer education level in the
market. We model 0 as a strategic decision made by the distributor,® and we assume 6 to be inde-
pendent of customer valuations. For simplicity, we assume that the marketing signal carries perfect
information about the product. If S =1 the customer learns their true valuation (either v; or vy),
while if S =0 the customer receives no further information and estimates their valuation based on
the distribution of valuations across the population. This customer education model is similar to
the literature on advance-selling of services (Shugan and Xie 2000, Xie and Shugan 2001).

The retailer chooses the product price p and might offer customers a refund r <p if they return
the product. A customer returns the product if, after purchase and use, they find that their val-
uation for the product is less than the refund r. Thus, returns are a real option that guarantees
customers a minimum level of satisfaction from their purchase — Essmart has found that over 30%
of their retailers offer refunds, usually over a two-week return period.

The relationship between poverty and risk aversion, in particular in the BOP, is well established
in the literature (see Haushofer and Fehr 2014). For tractability’s sake, we model BOP customers’
utility function as exhibiting constant absolute risk aversion. Namely, if the customer has a value
v for a product with price p and is offered a refund r, their utility function u is

1 — e—a(max(v,r)—p)

U(’U,p,?") = o )

where « is the risk aversion parameter: the higher o the more risk averse customers are. Hence,
customers explicitly take into account the option value of returning the product in their utility.
A customer’s willingness to pay (WTP) for the product is the maximum price for which the

customer’s expected utility is non-negative. A customer that receives the perfectly informative

% In practice, companies such as Essmart, Solar Sisters (also a distributor in India), and Bidhaa Sasa (a BOP distrib-
utor in Ghana) invest in developing sales executive teams to promote and run product demonstrations in villages.
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Figure 2 Customer utility. A fraction )\ of customers have ATP m;, and a fraction 1 — )\ have ATP m;.

marketing signal (S =1) has a WTP v, or v, depending on their (known) product valuation.
Conversely, a customer that is uninformed (S = 0) has a WTP that depends on their expected
utility, which we describe next. Let V be a random variable that describes the valuation of a
customer chosen at random. Then, the expected utility of an uninformed customer is

E[’LL(V,]),’F)] — g (1 _ e—a(lllax(“th)—P)) + 1 ;6 (1 _ e—a(maX(vzvr)—p)) . (1)

As aresult, the WTP of uninformed customers, p,(r), solves E[u(V, p,(r),r)] = 0. Since E[u(V,p,r)]
is strictly decreasing in p, p,(r) exists and is unique — see Appendix B.1 for a derivation of p,(r).

We model the significant credit and liquidity constraints BOP customers face by assuming that
their ability to pay (ATP) for life-improving products is potentially lower than their WTP. This
assumption is consistent with recent empirical research (see Tarozzi et al. 2014, Dupas 2014a).
We assume a fraction A of customers have ATP m,; and a fraction 1 — X\ have ATP m;, where
my, > my. If p > m; then no customer with ATP m; will purchase the good, even if their WTP
is larger than p (if p > my, then no customer purchases the product). As a result, a customer
only purchases the product if both her WTP and ATP are larger than p. We model m;, and m; as
exogenous parameters and we assume v; < m; < my < vy. This assumption is commonly found in
the development economics literature, e.g. Banerjee (1997) and Banerjee et al. (2012). Assuming
other orderings of v;, vy, m; and m;, does not lead to additional insights.

We now describe the probability of a customer purchasing and returning the product, as well as
their expected surplus. Let W and M be random variables that represent, respectively, the WTP
and ATP of a randomly chosen customer. The distribution of W and M are

0-p if w=uy, A ifm=m
P(W=w)={0-(1-5) ifw=v, , P(M=m)= o
. 1-X ifm=m,.

1-6 if w=p,(r).

Figure 2 depicts the distribution of customer utility. Let 1., denote the indicator function of the

event e. Then, given a price p, refund r, and subsidy z, the fractions of customers that purchase
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and return the product are B(p,r,0) := E[liwspmusp|0] and R(p,7,0) := E[l{w>pmspv<ry|],
respectively. The expected customer surplus, C'S(p,r,6), is

CS(p,r,0):=E[(V = p)Liwspmzp vz 0] — (0 —7)E[Liwsparpv<ry|0]. (2)

To summarize, 6 describes the customer education level; m, and m,; characterize BOP customers’
financial distress and the product’s affordability; the probability 8 and the valuations v; and vy,
capture characteristics of the product’s design; a describes customers’ risk aversion; and the equi-
librium price p and refund r determine BOP customers’ access to the product. Together, these

parameters provide a tractable model of BOP customers’ behavior.

3.2. Retailer
We consider a profit-maximizing retailer that buys the product from the distributor at a cost ¢ and
sells it to the customers at a price p, while offering a refund r for returns. Moreover, the distributor

offers a salvage value z per unit returned by customers to the retailer. The retailer’s profit is

HR(p7T) = (p_ C) ’ B(p,r,@) - (T - Z) ’ R(p7 T, 9)

The retailer can choose an outside option instead of selling the distributor’s product, which we
normalize to zero. The outside option could be an alternative product or competing technology.
Since most BOP retailers have limited shelf space, distributors often ensure frequent product
replenishment. In fact, most of Essmart’s retailers sell its products delivered-to-order: whenever a
sale occurs, the item is delivered to the retailer, and the customer collects the product there. For

these reasons, we do not explicitly model the retailer’s inventory management problem.

3.3. Distributor

The distributor purchases products from the manufacturer at a wholesale cost w and sells them to
retailers in the BOP market. To rule out trivial outcomes, we assume throughout that the product
has a potentially profitably market, i.e., the customers’ lowest ATP is larger than the wholesale
cost, w < my. Any product returned by the retailer is salvaged for a unit value y. We assume
that the distributor, as a social enterprise, values consumer surplus. Specifically, the distributor’s
objective function is a linear mix of profits and consumer surplus.

The distributor makes four decisions. The first two are pricing decisions, where the distributor
chooses the retailer’s price ¢ and refund z. The distributor also makes two strategic decisions: a
potential discount or subsidy to the customer, which we denote by x per item, and the proportion
of “informed” customers . A subsidy of x makes the effective price that customers face p — x. The

subsidy z is usually operationalized in the form of a discount coupon, voucher, rebate, or agreement



Calmon et al.: Operational Strategies for Distributing Durable Goods in the Base of the Pyramid
10 Article submitted to Manufacturing € Service Operations Management;

with a microfinance institution.” In practice, companies like Essmart increase 6 by investing in
marketing campaigns and product demonstrations in BOP communities.

As discussed in Section 1, we consider two optimization problems that many BOP distributors
face. The first is the Pricing Problem where the distributor chooses ¢ and z. For a given subsidy x

and customer education level 6 this problem is

I} (z,0) = max (c—w)-B(p*—z,7,0)— (z—y) - R(p* —x,r",0) +~v-CS(p* —x,r",0)

s.t. {p*,r"} €argmax(p—c)-B(p—x,r,0)— (r—z)- R(p—=x,r,0) (IC)
p,r

(" —c)- B(p" —a,r",0) = (1" = 2) - R(p" —2,r",0) > 0. (IR)
(Pricing Problem)

The first two terms in the objective function correspond to the distributor’s expected profit minus
the expected cost of returns, and the parameter v > 0 models the distributor’s relative value for
consumer surplus. The first constraint corresponds to the retailer’s incentive compatibility, i.e., the
retailer chooses the profit-maximizing customer price and refund. Note that the subsidy x changes
the customer purchase and return probabilities. The second constraint corresponds to the retailer’s
individual rationality, i.e., the retailer’s profit should be at least its outside option.

The second problem the distributor faces is the Allocation Problem. The distributor allocates an
investment budget between (1) increasing the subsidy = (a financial lever); and (2) an investment
in increasing the customer education level § (an information lever). The investment budget could
represent, for example, a grant from a foundation or aid agency to improve the distributor’s oper-
ations. We assume that the budget is earmarked to be spent exclusively between options (1) and
(2), i.e. the distributor does not simply keep the investment budget for itself.

In more detail, the distributor allocates a budget b per customer between increasing customers’
ATP and improving customer education. We denote the marginal cost of the former by ¢y and
assume that only customers that purchase the product receive the subsidy. Thus, given some initial

customer educational level 6, and customers’ ATP m, the distributor chooses 8 and z that solve

maximize I}, (z,0)

‘/E7

subject to ¢y(0 —0y) +xB(p* —x,r",0) <b, (Allocation Problem)

0 <0<1,0<z <y, —p".
The objective function of the Allocation Problem is the optimal objective value of the Pricing
Problem, while p* and r* are functions of z and . We assume a natural upper bound on the

subsidy z < v;, — p*, i.e., the distributor never increases the customers’ ATP above their maximum

WTP. This constraint is equivalent to assuming that the maximum non-discounted price for the

"For various case studies on the implementation of leasing models and product financing for the distribution of
life-improving good, see Clean Cooking Alliance (2015, 2019).
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product will be at most the largest possible customer WTP (which is v;,). This constraint has a
practical motivation since unbounded discounts are unrealistic. Relaxing the constraint x < v, —p*
does not affect our main insights, although it does slightly simplify our analysis.

In addition, we assume that the distributor’s budget can at most fully maximize the ATP of all

customers (i.e. set p* + x = v, for everyone) and maximize customer education (i.e. set  =1).

Assumption 1 Assume that the distributor’s budget is at most enough for both the customers’

ATP and the customer education to reach their upper bounds, i.e., b<cqe(1—6) 4+ AB(vy, —my,).

The term cy(1 —6y) + AB(vy, —my,) above comes from the fact that when 8 =1 and p* = my, only the
customers with a high valuation and high ATP buy and B(m;, —z,r*,0) < AS3. Relaxing Assumption

1 does not change our insights.

3.4. Sequence of events and model discussion
We model the distributor as a Stackelberg leader. The dynamics of the game are as follows:
1. Given 6y, my, my, A\, and « , as well as w, y, 8, vi, and v;, the distributor solves the Allocation
Problem and chooses its strategic investments. This results in x and 6.
2. Given x and 6, the distributor then chooses ¢ and z by solving the Pricing Problem, antici-
pating the reaction from the retailer and customers;
3. The retailer chooses p and r after observing x, 8, ¢, and z, with knowledge of 3, v, v;, my,
my,, A, and «. The retailer then sells the product if its expected profit is non-negative;
4. Customers p, r, x, and their individual information signal S. Each customer purchases the
product if their WTP and ATP are both larger than the effective price p — x;
5. If a purchase occurs, the product is delivered to the retailer and picked by the customer;
6. An uninformed customer (S =0) that makes a purchase learns their true valuation (v, or v;)
from using the product, and returns it if the valuation is less than r;
7. The retailer salvages the returns for z per unit while distributor salvages them for y per unit.
Our model blends elements from the operations and development economics literature (Shulman
et al. 2009, Banerjee et al. 2012). Consistent with operations management literature (Su 2009,
Shulman et al. 2009), full refunds are suboptimal in our model even if ATP is lower than WTP.
We examine the Pricing and Allocation Problems in three steps. First, in Section 4, we assume
that all customers have the same ATP, i.e., m; = my;,. This assumption is common in the develop-
ment economics literature, e.g., Banerjee (1997). This simplified setup already provides insight into
the effects of limited customer ATP on the customer welfare and on the distributor’s investment
strategy. Second, in Section 5, we extend Section 4’s results to the case where m; < mj,, and show
that this feature creates an additional incentive for the retailer to skim the market. Finally, in

Section 6, we replicate our main insights in a model with continuous customers ATP and WTP.
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4. Pricing and Resource Allocation Problems with Homogeneous ATP
We now solve the Pricing Problem and the Allocation Problem when m; = m; =m, and examine
how the distributor’s optimal strategy critically depends on customers’ ATP and risk aversion.
Section 4.1 examines the Pricing Problem while Section 4.2 examines the Allocation Problem.
Section 4.3 considers the setup where the distributor commits to offering free returns to customers,

i.e., customers can purchase the product and return it for a full refund if their valuation is low.

4.1. Pricing Problem with Homogeneous ATP
We first introduce notation to characterize the Pricing Problem’s optimal solution when m; =
m; =m. Let r,(p) denote the minimum retailer’s refund for uninformed customers to purchase the
product at price p. Thus, r,(p) satisfies E[u(V,p,r,(p))] =0 and from Equation 1 we have
vy — +
ro(p) = <p - éln (W)) , where ()" =max(-,0). (3)

Proposition B.1 in Appendix B.1 states the Pricing Problem’s optimal solution and describes
the distributor’s two possible non-dominated pricing strategies, which we denote strategies (a)
and (b). In strategy (a), the distributor induces the retailer to target only informed customers
without accepting product returns. Thus, for a discount x, the product’s effective retail price is
p—x=m, r=0 and a fraction 6/ of customers purchase the product. Conversely, strategy (b) is
more nuanced: the distributor induces the retailer to expand sales by accepting product returns and
offering refunds if necessary. In this case, p —x =m and r =r,(m). Under strategy (), informed
customers with high valuation as well as all uninformed customers purchase the product, i.e., a
fraction 08+ (1—0) of customers buy the product. Uninformed customers with low valuation return
the product, i.e., a fraction (1 —0)(1 — 3) of customers purchase and then return the product. The
optimal outcomes of the Pricing Problem are similar to the outcomes in Shugan and Xie (2000).

The Pricing Problem’s optimal solution provides a few insights into how the equilibrium price and
refund interact with model parameters. First, the function r,(p) sheds light into how the customers’
risk aversion level affects the optimal refund offered by the retailer under strategy (b). Namely,
consider the effective price, p — x = m, perceived by customers in their utility function. From

Equation 3, if customers are risk neutral, then offering partial refunds is sufficient for uninformed

m—pBvy
1-8

customers to purchase the product, i.e., lim, ,o7r,(m) = ( >+ < m. Conversely, if customers
are extremely risk averse (in the limit max-min utility optimizers) then the retailer must refund
the full (post-discount) price to induce uninformed customers to buy, i.e., lim, o 7o (m) =m.
Second, as stated in Proposition B.1, the distributor only induces the retailer to target unin-
formed customers when the expected value from selling to an uninformed customer is higher than

the expected cost of processing a return, independent of the consumer education level 6.
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Third, the dependence of the distributor’s optimal pricing strategy on market parameters
becomes intuitive once we focus on the marginal contribution of uninformed customers to the dis-
tributor’s objective. Increasing salvage value, decreasing risk aversion, or decreasing price, all make
it “easier” to target uninformed customers and increases the attractiveness of pricing strategy (b).

Finally, the effect of the distributor’s value for consumer surplus v on the optimal pricing strategy
is less straightforward. On the one hand, as «y increases, strategy (b) might become more attractive
relative to strategy (a) since it delivers positive surplus to some uninformed customers. On the other
hand, if the refund that the retailer offers to customers r,(m) is too low, uninformed customers that
purchase and return the product might end-up with negative surplus. Hence, depending on market
and product parameters, increasing v might make strategy (b) either more or less attractive.

The consumer surplus induced by both strategies (a) or (b) in Proposition B.1 decreases in
the customers’ ATP m and is independent of the distributor’s subsidy for consumers x. These
effects happens because any increase in customer ATP is recaptured by the supply chain through
a price increase — these features follow from customers’ homogeneous ATP, the Stackelberg game
structure of the model, and are standard in the development economics literature from where we
borrow the ATP formulation, e.g. Banerjee (1997). When m; < my,, the consumer surplus might
increase with the average ATP as we discuss in the next section.

Proposition 1 provides comparative statics on the effects of 8 and = on the distributor’s objective.

Proposition 1 Providing a subsidy x > 0 can only improve the distributor’s objective wvalue.
Namely, let 117, be the distributor’s optimal objective value, then {gl—} > 0. In contrast, increasing
the consumer education level 0 might worsen the distributor’s objective value. Specifically,
oIl;,
a0

<0 if and only if m+z —w — (ro(m) —y) —y(m —re(m)) > 0. (4)

Additionally, for the distributor, x and 0 are strategic complements under strategy (a) in Propo-

sition B.1, while they are strategic substitutes under strategy (b) in Proposition B.1.

Proposition 1 states that if customers’” ATP is low, or if the product’s salvage value is high, then
increasing the consumer education level might actually be prejudicial to the distributor. Indeed, the
left hand side of Equation 4 is the total contribution of a returned unit to the distributor’s objective.
Specifically, m + z — w is the distributor’s margin on each sale, r,(m) — y is the distributor’s cost
for each returned product, and vy(m — r,(m)) is the cost perceived by the distributor due to the
negative consumer surplus attained by customers who return the product. If the total contribution
is positive, then returned products are valuable to the distributor and, as a result, increasing the

consumer education level can reduce the distributor’s objective.
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2.0

m m

(a) a=0.1 (b) «=0.5
Figure 3 Distributor’s profits for different ATP m and consumer education level . We assume v, = $10, v; =0,

w=%6, y=%4, x=0, 5=0.6, and yv=0.

In particular, if the distributor’s relative value for consumer surplus is moderate (y < 1), a
lower customer ATP m results in the inequality in Equation 4 being violated by a larger subset of
possible market and customer parameters. Thus, for a lower customer ATP, improving consumer
education has a negative impact on the distributor’s objective for a larger set of market and
customer parameters. Figure 3(a) illustrates this result for a set of problem parameters — note
how for m > $8.4 increasing 6 decreases the distributor’s objective.

As the risk aversion parameter « increases, pricing strategy (a) becomes relatively more attractive
since r,(m) is increasing in «. In strategy (b), as « increases, the marginal cost of returned products
increases, and the set model parameters that violate the inequality in Equation 4 also increases.
Hence, as « increases, increasing 6 benefits the distributor for a larger set of market and customer
parameters — contrasting Figure 3(a) and Figure 3(b) illustrates this observation.

Finally, Proposition 1 states that the interaction between improving consumer education and
improving affordability is not the same under different pricing strategies. In strategy (a), they are
complements. Namely, if the distributor only targets informed consumers, increasing 6 increases the
effective market size and the marginal value of x. Conversely, in strategy (b), they are substitutes.
The cost of returned products drives this substitution effect. As x increases, the cost associated
to product returns decreases. Moreover, increasing 6 reduces the volume of returns. Hence, if 0 is
large then less financing is needed to reduce the costs of returns, reducing the marginal value of x.

With the solution of the Pricing Problem in hand, we now examine the Allocation Problem.

4.2. Allocation Problem

In this section, we characterize the solution to the Allocation Problem, where the distributor
allocates a budget between consumer education and increasing customers’ ATP. We examine how
ATP and risk aversion, as well as the distributor’s relative value for consumer surplus affects the

distributor’s investment strategy and, ultimately, value creation in the BOP context. Theorem 1
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below characterizes the four possible distributor’s non-dominated investment allocation strategies: a
finance-based strategy (F') where the distributor increases x; a marketing-based strategy (M) where
the distributor increases 6; a finance-based strategy including returns (F'R) where the distributor
increases x and also offers customers a return option; and a marketing strategy including returns

(M R) where the distributor increases 6 and also offers customers a return option.

Theorem 1 The distributor has four non-dominated strategies in the Allocation Problem, which
we denote by F', M, FR, and M R:

e F': invest the budget in improving product affordability by increasing x. If there is enough
budget to set x =wv;, —m, tnvest the remaining budget in increasing 0. The distributor follows
pricing strategy (a) from Proposition B.1, targeting only informed customers.

e M : invest the budget in increasing the consumer education level 0. If there is enough budget to
set 8 =1, invest the remaining budget in increasing x. The distributor follows pricing strategy
(a) from Proposition B.1, targeting only informed customers.

e ['R: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = vy, —m, the remaining budget is invested in increasing 6 if vy, —w — (ro(m) —
y) —y(m—r.(m)) <0, and not invested otherwise. The distributor follows pricing strategy (b)
from Proposition B.1, targeting all customers by accepting product returns.

e MR: invest the budget as in strateqgy M. However, the distributor follows pricing strategy (b)

from Proposition B.1, targeting all customers by accepting product returns.

In practice, strategy F' could represent an investment by the distributor in discount coupons,
vouchers or micro-financing for customers. Strategy M could be an investment in marketing cam-
paigns or village demonstrations. In strategies F'R and MR, the distributor complements the
previous strategies by inducing the retailer to offer product returns. Offering returns, or even free
trials, are relatively novel strategies to profitably distribute life-improving products in the BOP
and are being used by companies like Essmart and a select number of other distributors.®

Strategy F'R is more nuanced than the other strategies. In F'R, the distributor allocates as much
budget as possible to increasing x. If the distributor has enough budget to set customers’ ATP to
vp, 1.e. £ = v, —m, then it allocates the remaining budget in one of two possible ways: if Equation 4
does not hold and, as a result, increasing 6 improves the distributor’s objective, then the remaining
budget is allocated to increasing 6; if Equation 4 holds, then the remaining budget is not invested.
If we relax the constraint = <wv, —m, i.e. if we allow customers’ ATP to be larger than v, then
the structure of strategy F'R simplifies, in that all the budget is spent on x. However, this does

not change our main results and insights, which are detailed next.

8 For example, Burro (a distributor in Ghana), EcoZoom (Kenya), and Pollinate Energy (India).
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Propositions B.2, B.3 and B.4 in the Appendix fully characterize the optimal investment strategy
map for the Allocation Problem as a function of the two parameters that define customer behavior
in the BOP: the (homogeneous) ATP m and the risk aversion parameter «, see Figure 4 for an
illustration. The propositions specify necessary and sufficient conditions for each of the four non-
dominated allocation strategies in Theorem 1 to be optimal. To facilitate discussion, we introduce
a corollary to summarize the propositions’ main insights.

To simplify the notation, we define w = fuv,, + (1 — 8)y and ¢y = (1 — 8)(w — y). We provide an

interpretation of w and ¢, in the discussion of the following corollary.

Corollary 1 Recall the allocation strategies from Theorem 1. Then, if w < w and cq < ¢y, there
exist ATPs m*, mM% and m™*% where m* <mM% mM~B <, and a function ar(m) such that:

o Strategy F is optimal if and only if m <m’ and a > ar(m).

o Strategy MR is optimal if m > max(m™® mM~%) for all « > 0.

If w > w then only strategies ' and M can be optimal. In this case, there exists an ATP m¥
such that F is optimal if and only if m <m?t.

If cy > ¢ then only strategies F' and FR can be optimal. In this case, there exists a function

ar(m) such that F is optimal if and only if « > ap(m).

Corollary 1 differentiates between two types of products: Products that, in expectation, can be
profitably distributed to uninformed customers, i.e., products where 3(v;, —w)+ (1—8)(y —w) >0
(equivalently, where w < w) and products that cannot be profitably distributed to uninformed
customers (where w > w). When products can be profitably distributed to uninformed customers,
all four strategies can be optimal. When products cannot be profitably distributed to uninformed
customers, only strategies F' and M can be optimal.

Similarly, Corollary 1 differentiates between two possible setups. The first are setups where
the cost of informing consumers about the product is not excessively large, i.e., setups where
cg < (1= B)(w—y) =2 The second are setups where the cost of informing consumers about the
product is larger than the expected cost incurred by letting uninformed consumers simply try the
product out, i.e., such that ¢y > (1 — 8)(w —y) = . When the cost of informing consumers about
the product is moderate, all four strategies can be optimal. When the cost of informing consumers
about the product is excessively large, then only strategies F' and F'R can be optimal.

Figure 4 depicts the strategy map for a set of problem parameters and illustrates Proposition B.2
and Corollary 1. If customers’ ATP is low, then it is optimal for the distributor to invest in offering
customers a discount z to improve affordability (strategies F' and F'R in Figure 4). Conversely, if
customers’ ATP is high, the distributor should invest in customer education € (strategies M and

MR in Figure 4). Additionally, for any ATP, if customers’ risk aversion level is low enough, then



Calmon et al.: Operational Strategies for Distributing Durable Goods in the Base of the Pyramid

Article submitted to Manufacturing € Service Operations Management; 17
1.0p 1.0p
0.8F 08l
0.6 0.6 F
3 F 3

0.4} 0.4}
0.2 0.2

7 8 7

(a) y=0 (b) v=0.4

Figure 4 Strategy map for the Allocation Problem as a function of m and « for different values of . We assume

vy, =$10, w=97, 6=0.2, b=3$0.5, y =$3.25, 5=0.6, co =1.

it is optimal for the distributor to induce the retailer to target uninformed customers, by accepting
product returns and possibly offering refunds (note strategies F'R and M R in Figure 4).

This relationship between customers’ risk aversion and strategy choice occurs because, when
customer risk aversion is high, the refund necessary to attract uninformed customers is overly large,
making this customer segment unprofitable due to the high cost of returns. In contrast, when risk
aversion is moderate or low, uninformed customers might be valuable if the distributor’s budget is
sufficient to increase customers’ ATP above a certain threshold.

In particular, Corollary 1 and Figure 4 show that the most profitable investment strategy in a
BOP context (where « is high and m is low) might not be the same as in the non-BOP context
(where « is low and m is high). For example, in Figure 4 strategy F is the most profitable in a BOP
context while M R is the most profitable in a non-BOP context. A natural question that follows is
whether a similar difference occurs if the distributor were to maximize consumer surplus instead of
profits. This question is answered in the next proposition. We denote the consumer surplus under

strategies F', M, FR, and MR by CS¥, CS™ CSFE and CSME, respectively.

Proposition 2 Recall the allocation strategies from Theorem 1, and the ATP m* and the function
ar(m) from Corollary 1. There exists a function a$3(m) such that, for any customers’ risk aversion
level « >0 and customers’ ATP m w<m <wvy,
o Strategy M R induces the largest consumer surplus among all strategies from Theorem 1. More-
over, CSME>C8M > CSF,;
o Strategy F' induces the smallest consumer surplus among all strategies from Theorem 1 if and

only if a>a%(m).
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The intuition behind Proposition 2 is as follows. On the one hand, strategies that involve accept-
ing product returns (F'R and M R) can induce a higher total consumer surplus than their counter-
part strategies that do not accept product returns (F and M) since, when the distributor offers a
product return option, all consumers with high valuation adopt the product and extract positive
surplus. On the other hand, customers with a low valuation that buy the product (because of lack
of information) will have negative surplus, since they receive a partial refund that is smaller than
their payment, thus reducing total consumer surplus.

Furthermore, strategies that invest primarily in consumer education (M and M R) can lead to
higher total consumer surplus than finance-based strategies (F' and F'R). This holds because the
subsidies offered by the distributor to customers in strategies F' and F'R are ultimately recaptured
by the supply chain through higher prices and, as a result, are ineffective in increasing consumer
surplus. Conversely, the information provided through consumer education in strategies M and
MR cannot be fully recaptured by the supply chain and hence increases consumer surplus.

Proposition 2 shows that strategy M R attains the largest consumer surplus, i.e., the distributor
increases the total consumer surplus by inducing the retailer to accept product returns and by
educating consumers about the product’s benefits. In particular, Proposition 2 implies that as the
distributor’s relative value for consumer surplus v increases, then strategy M R becomes optimal
for larger set of all admissible model parameters, while strategy F' becomes optimal for a smaller
set. This insight is illustrated in Figure 4b — note how strategy M R occupies a larger portion of
the strategy map while strategy F' a smaller portion compared to Figure 4a — and is particularly
relevant for social enterprises operating in the BOP context.

The combination of Proposition 2 and Corollary 1 indicates that there is tension between max-
imizing profits and consumer surplus in the BOP, which does not necessarily occur in non-BOP
contexts. Namely, in a BOP context with high risk aversion (o > max(ar(m),a$(m))) and small
ATP (m <mft), strategy F is the most profitable. However, in this regime the profit maximizing
allocation strategy F' also leads to the lowest total consumer surplus. Hence, in the BOP the most
profitable allocation strategy and the total consumer surplus mazximizing strategy are not the same.
Conversely, in a non-BOP context with large ATP (m > max(m™% mM~?)) the most profitable
strategy is M R, which also leads to the largest consumer surplus.

We emphasize that this insight applies to the simplified setups in Corollary 1 where only two
strategies can be optimal. Both simplified setups in Corollary 1 include strategy F which, from
Proposition 2, induces the lowest consumer surplus in the BOP. Thus the tension between maxi-
mizing profits and consumer surplus in the BOP is preserved in these setups.

In the next subsection we explore a practical strategy that the distributor can commit to when

operating in the BOP, which resolves the tension between profits and consumer surplus.
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4.3. Decoupling profits and consumer surplus by offering free returns

Corollary 1 and Proposition 2 show that, in the BOP context, the most profitable allocation
strategy (strategy F') is the strategy that leads to lowest consumer surplus. Furthermore, even
the strategy that leads to the highest consumer surplus (strategy M R) has the downside that
uninformed customers with low valuation will have negative surplus if they purchase and then
return the product. To resolve these issues we examine a free returns strategy (which is equivalent
to offering free product trials in our model). Specifically, we assume that the distributor commits
to offering customers the option of returning the product for a full refund. This commitment
occurs at the start of the game, before the allocation of the investment budget. We remark that
there is recent field evidence that free trials are an effective strategy for increasing adoption of
life-improving products, such as cookstoves (Levine et al. 2018).

Although a free-returns commitment can only reduce the distributor’s maximum profits, it has
two main advantages. First, it guarantees that no customer ends up with negative surplus by trying
out the product. Hence, in effect, free returns transfer the product’s “fit risk” from the customer to
the distributor (Che 1996). Second, we will show that the distributor’s commitment to free returns
ensures that the total consumer surplus is maximized independently of the allocation strategy. In
other words, this commitment decouples the effects of distributor’s profit-maximizing actions from
worst-case consumer surplus. Thus, offering free returns can serve as a signal from the distributor
to its social investors and other stakeholders that it is indeed valuing consumer surplus, satisfying
an important ethical consideration when doing business in the BOP (Davidson 2009).

In this setting, we assume a wholesale contract that forces the retailer to set r =p — z. Recall
that p — x is the effective customer price after a distributor’s subsidy x. The model details and the
resulting distributor’s pricing strategy are given in Proposition B.5 in the Appendix.

Proposition B.5 shows that, when the distributor commits to full refunds, the total consumer
surplus is constant and equal to (v, —m)f, independently of the values of x and 6. We note that this
consumer surplus value is larger than the one induced by strategy M R in the allocation problem
and, from Proposition 2, is larger than any non-dominated distributor’s budget allocation strategy.

The Allocation Problem under a free-returns commitment has only two non-dominated strategies:
FR and M R. The next proposition describes the optimal allocation strategy. The same outcomes
for each strategy are achieved by assuming that customers are extremely risk averse, i.e., taking

the limit as @ — oo making customers max-min utility optimizers.

Proposition 3 Assume that the distributor commits to a free returns policy, then the distributor
has two non-dominated strategies for the Allocation Problem, which we denote by FR’, and MR/.
In both strategies the distributor follows the pricing strategy from Proposition B.5.
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e F'R’: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = v, —m, the remaining budget is invested in increasing 0 if v, —m <w —y
and not invested otherwise.

e MR': invest the budget in increasing the consumer education level. If there is enough budget
to set @ =1, the remaining budget is invested in increasing x.

Moreover, strategy MR’ is preferred by the distributor if and only if (1 — B8)(w —1y) > cq.

The allocation strategies in Proposition 3 follow the same intuition as the strategies in Theorem
1. However, in the free-returns case, the condition for choosing between investing in 6 and x is
simpler: if the expected cost of a returned product, given by (1 — 5)(w — y), is higher than the
marginal cost of investing in consumer education, given by ¢y, then the distributor should choose

strategy M R/. Conversely, if (1 — 3)(w —y) < ¢y the distributor chooses strategy FR’.

5. Pricing and Resource Allocation Problems with Heterogeneous
ATP

This section extends the previous results to the case where m;, > m;. In this case, the retailer and
distributor have the option to “skim” the market and choose a price such that only customers with
high ATP m,, are able to afford the product. While the results from the previous section still hold
in this setup, the supply chain equilibrium is more nuanced due to price skimming. Specifically,
more non-dominated strategies for the pricing and allocation problem exist.

When m;, > m,, there are four possible non-dominated pricing strategies for the distributor:

e A: Target all informed customers without product returns. The equilibrium price is p#* = m; +x
and r4 = 0. All customers that receive information signal S = 1 purchase the product.

o AR: Target all customers and offer product returns, pA® = m; + z and r4f = r,(m;). All
customers purchase the product and a fraction 1 — 8 (with valuation v;) return it for a refund.

e S: Skim the market and target informed customers with ATP m,; without product returns.
The equilibrium price is p° = my, + = and r° = 0. The fraction A\ of customers that have
valuation m;, and receive information signal S =1 purchase the product.

e SR: Skim the market targeting customers with ATP m;, and offer product returns, p% =
my, +x and % =r,(m;,). The fraction X of customers with ATP m,, purchase the product
and a fraction 1 — 3 of those who purchased with valuation v; return it for a refund.

Proposition C.1 in the Appendix fully characterizes these equilibrium pricing strategies, including

the profits of the distributor and retailer. Strategies S and SR are “skimming” strategies where
customers with low ATP m; cannot afford the product.

In the remainder of our analysis we make the following two assumptions that allow for an

analytical treatment of the Allocation Problem with heterogeneous ATP.
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Assumption 2 Assume that:
1. When there is no risk aversion (a=0), the purchasing decision of uninformed customers with
high ATP my, only depends on their expected valuation, i.e., my, > Buy;
2. For any risk aversion level, offering a refund of r,(my) to all customers is more expensive than
offering a refund r,(my,) only to customers with high ATP my,, i.e., ro(my) > Aro(my,) for all a.
p—Buy
i

+
Since lim, o7, (p) = (ﬁ> , this assumption is equivalent to (m; — Bvp)™ > X(my, — o) ™.

The first part of the assumption above states that when customers are risk neutral at least some
of the uninformed customers — those with high ATP m; — base their purchasing decision on their
expected valuation instead of their ATP. When this condition is not met, risk neutral uninformed
customers with high ATP m,;, always purchase the product as long as the price is lower than m,.

The second part of the assumption is consistent with the context in which BOP distributors
operate. The life-improving products these distributors sell are designed for low-income customers
with limited ATP such that, in practice, A is small and my, is close to m;. Thus, the refund cost in
strategy AR is likely higher than in strategy SR. This assumption also simplifies the description
of the distributor’s strategy map as a function of «, my, and m; since it eliminates the edge case
where small changes in the values of o, m; and m; can make the distributor’s optimal pricing
strategy shift directly from A to SR, without first becoming AR or S.

With Assumption 2 in hand, we extend the result from Proposition 1 to heterogeneous ATPs.

Proposition 4 Under Assumption 2, providing a subsidy x >0 can only improve the distributor’s
objective value, 1.e., % > 0. In contrast, increasing the consumer education level  might worsen

the distributor’s objective value, i.e., % <0 if
my, + & —w— (ro(ms) —y) —y(mp —ra(ms)) > 0. (5)

Additionally, for the distributor, x and 0 are strategic complements under strategies A and S,

while they are strategic substitutes under strategies AR and SR.

Proposition 4 states a sufficient condition for an increase in information availability to reduce
the distributor’s objective. The condition is analogous to the one in Proposition 1: when the
contribution of a returned unit priced at m,, to the distributor’s objective is high enough, increasing
information level’s might be prejudicial for the distributor. Proposition 4 also extends Proposition
1 by stating that strategies x and 6 are strategic complements under pricing strategies that do not

offer refunds (A and S), while being substitutes when refunds are offered (AR and SR).
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5.1. Allocation Problem and Free Returns with Heterogeneous ATP

When m; < my, there are eight possible non-dominated allocation strategies in the Allocation
Problem which extend the strategies in Theorem 1 and can be split into two sets. In the first
set of strategies, the distributor uses pricing strategies A or AR, which target all customers. We
denote these allocation strategies by FA, M A, FAR, and M AR — the notation mirrors F, M, F R,
and MR from Theorem 1. In the second set of strategies, the distributor uses pricing strategies
S or SR, which skim the market and target only customers with high ATP m;,. We denote these
allocation strategies by F'S, MS, 'SR, and M SR.

Theorem 2 Under Assumption 2, the distributor has eight non-dominated strategies in the Allo-
cation Problem:

o F'S: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = v, —my,, invest the remaining budget in increasing 6. The distributor follows
pricing strategy S, targeting only informed customers with high ATP.

o MS': invest the budget in increasing the consumer education level 0. If there is enough budget to
set 8 =1, invest the remaining budget in increasing . The distributor follows pricing strategy
S, targeting only informed customers with high ATP.

e ['SR: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = v, —my,, the remaining budget is invested in increasing 0 if vy, —w — (ro(mp) —
y) —y(my —ro(my)) <0, and not invested otherwise. The distributor follows pricing strategy
SR, targeting all customers with high ATP by accepting product returns.

e MSR: invest the budget as in strategy MS. However, the distributor follows pricing strategy
SR, targeting all customers with high ATP by accepting product returns.

e FA: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x =v;, —my, the remaining budget is invested in increasing 0 if m; — (1 —~) (v, —
my) — A/ (1= X)(my, —my) —w >0, and not invested otherwise. The distributor follows pricing
strategy A, targeting all informed customers.

o M A: invest the budget in increasing the consumer education level 0. If there is enough budget to
set 8 =1, invest the remaining budget in increasing x. The distributor follows pricing strategy
A, targeting all informed customers.

o FAR: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = v, —my, the remaining budget is invested in increasing 0 if vy, —w — (ro(m;) —
y) —y(my —ro(my)) <0, and not invested otherwise. The distributor follows pricing strategy
AR, targeting all customers by accepting product returns.

e M AR: invest the budget as in strateqy M A. However, the distributor follows pricing strategy

AR, targeting all customers by accepting product returns.
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If the distributor “constrains” itself to follow either only skimming allocation strategies (F'S,
MS, FSR or MSR) or non-skimming allocation strategies (FFA, M A, FAR or M AR) then the
restricted strategy map as a function of m; and « (alternatively, m; and «) has an analogous
structure to the homogeneous ATP case where m;, =m,.

We follow the analysis for the homogeneous ATP case and we define @w® = Buv, + (1 — B)y,
wh = Pup + (1= B)y = A/(1 = A) ((ms, —mu) B — (mu — ra(mu) — (mn — ra(mn))) (1= B)), &5 = (1 -
B)Aw — ), and & = (1= B)(w —y) = A/(1 = A)(1 = B)(my — 7o) — (ms, = ra(mi)):

The strategy maps for the case where the distributor constrains itself to either skimming alloca-
tion strategies or non-skimming strategies are derived in Proposition C.2 in the Appendix. Propo-
sition C.2 assumes w < w* and ¢y < & (resp. w < w* and ¢y < &), when the distributor constrains
itself to skimming (resp. non-skimming) allocation strategies. Analogous to Propositions B.3 and
B.4, fewer strategies can be optimal when w > w* or ¢, > &5 (resp. w > w* or ¢y > ¢') and we omit
the analysis of these cases since they are a special case of the analysis for Proposition C.2. Figure
7 in the Appendix illustrates Proposition C.2 by depicting the “constrained” strategy maps that
underlie the strategy map of Figure 5.

When w < min(w®,w*) and ¢, <min(c;, ;) the distributor’s full strategy map is a combination
of the constrained strategy maps from Proposition C.2, and shares many similar features with the
strategy map when m;, = my, recall Proposition B.2 and Figure 4. Namely, if « is high and m;, and
m; are low, then either strategy F'A or strategy F'S dominate. Conversely, if « is low and m;, and
m, are high, then either strategy M AR or M SR dominate.

A sample strategy map with heterogeneous ATP is depicted in Figure 5. The horizontal axis of
Figure 5 increases both m; and m;, by setting the ATPs to m; + Am and m;, + Am. Note the similar
disposition of the strategies in Figure 5 compared to the strategy map in Figure 4: an increase in
« can induce the distributor to choose strategies without refunds, while an increase in Am induces
the distributor to invest in increasing information instead of subsidies.

We now build on Proposition C.2 to extend Corollary 1 to the case where m; < m;, and ~ is

small, i.e., the distributor prioritizes profits (if v =0 the distributor is profit-maximizing).

Corollary 2 Under Assumption 2, if w < min(w®,w?), ¢4 < min(cy,cp) and vyeg < (N (1 —
A)2B(my, — my), then there exists ATPs m¥4S, mFS mMAR - and mMSE where mPS mF4s <
MmMAR MSE <, and functions aps(mg,my) and ayar(my) such that:

e Strategy F'S is optimal if and only if my <mF45 my, <mPS and o> aps(m;,my).

e Strategy M AR is optimal if m; > mMAR my, > mMSE and o < apap(my).

Corollary 2 strengthens the intuition on how the optimal investment and pricing strategy in a

BOP context (where m; and m,, are low and « is high) might differ from a non-BOP context (where
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Figure 5  Strategy map for the Allocation Problem as a function of Am and a. We assume v, = $10, w = $6,
6o =0.2, mp =$7, m; =3$6, A=0.4, b=3$0.2, y =$3.25, 3=0.5, co =0.33, and v = 0. The horizontal
axis sets the ATPs to m; +Am and m; + Am,,. Strategy F'A is dominated by other strategies and does

not appear.

m; and my, are higher and « is low). In the BOP context, a profit-maximizing distributor invests
in improving affordability and skims the market (strategy F'S). Conversely, in a non-BOP context,
a profit-maximizing distributor invests in increasing customer education level, offers returns, and
prices the product to target all customers (strategy M AR). Thus, in the BOP context, the het-
erogeneous ATP of customers might create an additional incentive for the distributor to skim the
market which does not occur in the non-BOP context.

We now characterize the consumer surplus attained in a BOP and non-BOP setting.

Proposition 5 Under Assumption 2, there exists a function a%g(my,m;) such that, for any cus-
tomers’ risk aversion level a >0 and customers’ ATPs my, my,, w <m; <my < vy,

o Strateqy M AR induces the largest consumer surplus among all strategies from Theorem 2;

o Strategy F'S induces the smallest consumer surplus among all strategies from Theorem 2 if

a > a%s(mp,my) and strategy F'A is individually rational for the distributor.

Proposition 5 highlights that the misalignment between consumer surplus and the distributor’s
profits in the BOP persists under heterogeneous ATPs. Given the market characteristics in the
BOP, where customers’ ATP is low and risk aversion is high, the most profitable allocation strategy
is F'S, where the distributor must skim the market and invest in increasing x to have a positive
objective function. This strategy is also the strategy that leads to the lowest consumer surplus if
a is high enough since only a small fraction of the market purchases the product (the market size
is ABOFS where 075 is the information level under strategy F'S) and receive surplus vj, —my,.

The total misalignment between the customer-surplus-maximizing strategy and the distributor’s

profit-maximizing strategy does not occur in a non-BOP context. From Corollary 2, when « is low
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and customer ATPs are high then strategy M AR, which from Proposition 5 induces the largest
consumer surplus, is the most profitable (despite the fact that some customers that return the
product might have negative surplus). Thus, Corollary 2 and Proposition 5 strengthen and extend
the main insight from Section 4.

Corollary 2 and Proposition 5 further indicate that, unlike the case where m;, =m;, consumer
surplus can increase as ATP increases. If both m;, and m; increase, the distributor can shift from a
skimming pricing strategy to a pricing strategy that targets all customers (for example from F'S to
M AR) which can lead to a price reduction for customers and a net increase in consumer surplus.

Finally, we revisit Section 4.3 and examine the value of an operational commitment by the
distributor to offer free returns in resolving the misalignment between customer surplus and dis-
tributor profits in a BOP setting with heterogeneous ATPs. Recall that free returns eliminate the
downside of pricing strategies AR and SR where customers that purchase and return the product

for a partial refund have negative consumer surplus. The proposition below extends Proposition 3.

Proposition 6 Assume that the distributor commits to a free-returns policy, then the distributor
has four non-dominated strategies in the Allocation Problem:

e FSRf: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x =wv, —my, the remaining budget is invested in increasing 0 if v, —m, <w —y,
and not invested otherwise. The distributor follows pricing strategy F'SR.

e MSRf: invest the budget in increasing the consumer education level. If there is enough budget
to set 8 =1, the remaining budget increases x. The distributor follows pricing strategy MSR.

e FARS: invest the budget in improving product affordability by increasing x. If there is enough
budget to set x = v, —my,, the remaining budget is invested in increasing 0 if vy, —m; <w —y,
and not invested otherwise. The distributor follows pricing strateqy FAR.

o MARF: invest the budget as in strateqy M SRf. The distributor follows pricing strateqgy M AR.

Moreover, the consumer surplus induced by strategies FSRf and MSRf is \3(vy, —my,), which

is larger than the consumer surplus induced by the allocation strategies F\S, FSR, MS and M SR
from Theorem 2. The consumer surplus induced by strategies FARf and MARf is (v, —my),

which s larger than the consumer surplus induced by any allocation strategy from Theorem 2.

Thus, a commitment to free returns guarantees that no customers that purchase the product
have negative surplus in the BOP. Free returns also eliminate strategies F'S and F'A, which induce
a low consumer surplus. However, free returns do not remove the incentive for the distributor and
retailer to skim the market and target only customers with high AT P.

To mitigate price skimming, the distributor can commit to a maximum retail price (MRP).

A MRP is required in a few developing countries such as India — the Indian parliament passed
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the Consumer Goods Act in 2006 (The Indian Express 2017), which requires consumer goods
distributed and sold in India to have a MRP printed on good’s package. A distributor can use
such policy to print a price on the box that mitigates skimming, ensuring that low ATP customers
can afford the product. Such MRP commitment coupled with free returns can ensure that the
optimal strategies for the distributor are either FARf or M ARf, and that there is no misalignment

between consumer surplus and the optimal allocation and pricing strategies.

6. Robustness Check: Model with Continuous Customer Types

We now illustrate that our main results and insights hold for a more sophisticated customer model
with continuous types. This model is analytically intractable and we study its equilibrium outcomes
through numerical simulations. We briefly describe each component of the continuous model.

There is a continuum of customer types defined by their product valuation. We assume valua-
tions are normally distributed as V' ~ N(u,0?). As in the discrete model from Section 3, without
perfect information customers only learn their valuation if they purchase the product. Customers’
ATP are also normally distributed as M ~ N(p,,,02,). Customers’ ATP and valuations can be
correlated, where x is the correlation between V and M. While we could assume other distribu-
tions of V' and M, a normal distribution allows for a tractable model of information disclosure. For
a discussion on the microfoundations of information disclosure models with normally-distributed
customer valuations see Chu and Zhang (2011) and Johnson and Myatt (2006).

Customers do not know their true valuation before purchasing the product and form an estimate
of the product’s utility. Customers of type v receive a noisy signal v + 7, where n ~ N (0,072,) is
random noise that models the quality of the information customers have about the product. The
distribution of signals is S =V + 1, and we assume V and 7 to be independent. Customers form
a valuation estimate which has the distribution of the random variable V = E [V|S]. Then, as in

Chu and Zhang (2011), it follows that
V=E[V|S]=p*S + (1-p*)p,

where p? = ﬁ € 10,1] is the correlation coefficient of V' and S, and models the quality of the
information a customer receives. Note that V is normally distributed and V ~ N(u, p?c?). More-
over, V-V ~ N (0,(1 — p*)o?). Hence, if p =0 customers have no information about their own
valuation, while if p =1 they have perfect information.

All customers receive a baseline “low-quality” information signal S; where the correlation coef-
ficient of V and S; is pi. The distributor can then invest in customer education campaigns that
provide a “high-quality” information signal S), with correlation coefficient p? (where p, > p;) to a

fraction of the potential customers. The probability of a customer being reached by a customer
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education campaign is 6. Thus, a customer receives signal .S;, with probability 6§ and signal .S; with
probability 1 — 6. In short, as in the model of Section 3.1, 6 models the campaign’s reach, while p,
and p, model the quality of the education campaign. We emphasize that allowing 0 < p; < p, <1,
generalizes the consumer education model from Section 3.1.

As in the discrete-valuation model, customers are risk averse and have the utility function
described in Section 3.1. We denote the utility estimate of a customer chosen at random by U.
Note that the expected utility and ATP are correlated if V and M are correlated. Given p, r, and

0, the fractions of customers that purchase and return the product are

B(p, 7,0, pn,p1) =E[Liuso0,m>p} |0, pns pi (Prob. of buying the product),

R(p, 7,0, pn, 1) :=E[Luso,m>p,v<r} |0, prs pi] (Prob. of returning the product),
and the consumer surplus is

CS(Z% .0, pn, Pl) = E[(V _p)]l{UZO,MZp,VZT} ’9; Ph;s Pl] - (p - T)E[R{UZO,sz,V<r} ’97 Phs Pl]- (6)

The distributor’s Pricing Problem in the continuous model is the same as in Section 3. The
Allocation Problem in the continuous model is nearly identical to the problem stated in Section 3.
We again interpret x as an investment in product affordability, while an investment in increasing 6
represents an increase in the fraction of customers with a high-quality information signal. However,
we assume an upper bound x <z where Z is an exogenous parameter (mirroring = < v;, — p*, which
does not directly translate to the continuous model due to the customers’ continuous valuation).
The bound on the subsidy x rules out edge cases where, in equilibrium, the distributor offers a

very steep discount and a very small fraction of customers purchase the product.

6.1. Numerical analysis

We now show that our main analytical results from Section 4 hold in the continuous model. In the
latter, fim, 0m, and Kk determine the distribution of customers’ ATP. We assume x < 0 since we
model products that would most benefit BOP customers, who might be under financial distress
and, as a result, have low ATP. We evaluate the probabilities of buying and returning the product

explicitly through numerical integration.

Pricing Problem. Figure 8 in Appendix D replicates the insight that increasing information
might decrease distributor profits if consumers have low ATP and low risk aversion (a similar effect
was observed in Figure 3). As before, when customers have low average ATP and risk aversion
(=0.01 in Figure 8a) increasing 6 decreases distributor profits. Conversely, when customers are
very risk averse (o =1 in Figure 8b), increasing 6 always increases distributor profits. This behavior

is robust to different model parameters.
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Parameter Values ‘ Parameter Values

w 1 ol Uniform(0.1, 0.45)

y Uniform(0,1) Ph Uniform(0.7, 0.95)

1 Uniform(0.7,1) 0, Uniform(0.01, 0.5)

o Uniform(0.5,1) Cy Uniform(0,2)

Om Uniform(0.1,1) b Uniform(0,1)

K Uniform(-0.8,-0.2) T W=+ 0+ 0,

Table 1 Distribution of parameters used for the Allocation Problem.

Avg. % of budget allocated to 0
Y =0.75 pp, =125 p,, =1.75

o= 0.01 0.5% 4.5% 26%
a=1 1% 4.7% 28%
o =2 1.8% 4.9% 30%

Table 2 Avg. % of budget allocated to 0

Allocation Problem. We now examine how the optimal distributor’s budget allocation strat-
egy changes as a function of the customers’ average ATP u,, and risk aversion level «, and discuss
their connection to the main results of Section 4.2, which are illustrated in Figure 4.

The simulation sets w = $1 and samples a set of initial market, product, and information param-
eters (p,0, 0., K, Y, Co, p1, pr.) drawn from the distributions described in Table 1. The values in Table
1 were chosen to generate problem instances that draw from a wide range of problem parameter
values relative to the value of w and from a wide variety of valuation and ATP distributions. We
assume that v =0, i.e. a profit-maximizing distributor. For each sample of parameters we solve
the allocation problem for different values of u,, and a. When solving the allocation problem, we
calculate the fraction of consumers that purchase and return the product through Monte Carlo
integration. We sampled 10,000 sets of problem parameters and, for each set, we considered nine
combinations of u,, and a. We solved a total of 90,000 instances of the allocation problem.

We first discuss the relative investment in 6 and x. Table 2 describes the average fraction of the
budget invested in 6 (the remainder budget is allocated to x) for different values of a and p,,,. The
results are consistent with Section 4.2: when comparing Figure 4 and Table 2 along their horizontal
axis, the relative investment in 6 (resp. x) decreases (resp. increases) with the average ATP in both
of them. The distributor invests more in consumer education 6 if the customers’ ATP is high.

Second, we discuss the prevalence of strategies that target uninformed customers via product
returns. Tables 3 and 4 describe, respectively, the average fraction of customers that receive the low-
information or high-information signal and purchase the product for different values of a and p,,.
As before, the results are consistent with Section 4.2. When comparing Figure 4 and Tables 3 and 4
along their vertical axis, the fraction of purchases from customers that receive the low-information
(resp. high-information) signal decreases (resp. increases) with . That is, the distributor should

induce the retailer to target uninformed consumers if the customers’ risk aversion level is low.
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Avg. % of low-info
customers that buy

m =0.75 p,, =125 pu, =1.75

a=0.01 11% 16.5% 20.3%
a=1 10.6% 14.7% 17.8%
a=2 9.7% 13.5% 16.5%
Table 3 Avg. % of purchases from customers that
received the low-information signal
% of instances where 8% > 9*
Y =0.75 p, =125 p,, =1.75
a= 0.01 98% 92% 75%
a=1 96% 86% 68%
a =2 93% 82% 61%
Table 5 % of sampled instances where maximizing

consumer surplus requires a higher 6

Avg. % of high-info
customers that buy

m =0.75 p,, =125 p, =1.75

a=0.01 5.4% 11.4% 18.3%
a=1 6.2% 13.4% 18.6%
a=2 7.1% 15.1% 18.8%
Table 4 Avg. % of purchases from customers that
received the high-information signal
% of simulations where z¢° > x*
P =075 p, =125 p, =175
a=0.01 0.6% 2.4% 21%
a=1 0.5% 0.8% 17%
a=2 0.5% 0.6% 16%
Table 6 % of sampled instances where maximizing

consumer surplus requires a higher x

We now examine the resource allocation strategy that maximizes consumer surplus. For each
sample of instance parameters from the previous simulations, we solve the allocation problem with
consumer surplus as the distributor’s objective for different values of u,, and «. Tables 5 and 6
summarize the fraction of consumer-surplus-maximizing allocations where the budget allocation
to z and 6 is larger than in the profit-maximizing allocation. Specifically, let 2“° and §° be the
optimal solution to the allocation problem when the distributor maximizes consumer surplus, and
let z* and 6* be the profit-maximizing optimal allocation. Table 5 lists the fraction of instances
where §¢° > 0*, while Table 6 lists the fraction of instances where 2% > z*.

Consistent with the discrete model, Tables 5 and 6 illustrate that strategies that invest more
in consumer education generally lead to a higher consumer surplus than finance-based strategies.
Additionally, Tables 5 and 6 confirm a strong tension between consumer surplus and profits in
the BOP, where « is high and p,, is medium or low. That is, in the BOP the consumer-surplus
maximizing allocation almost always involves a higher investment in # and a lower investment in
x than in the profit-maximizing allocation. Moreover, the tension between consumer surplus and

profits dissipates in non-BOP contexts with a higher average ATP.

7. Conclusions

We introduce a game-theoretic model to analyze the operations strategy of distributors of innova-
tive, life-improving, durable goods in supply chains that serve BOP customers. Our model incor-
porates two key features of BOP customers: risk aversion and customers with a lower ATP than
WTP. We use our model to analyze two operational optimization problems faced by BOP distribu-

tors. The first is a Pricing Problem, where the distributor decides the price and refund for returned
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Figure 6 Depiction of the distributor’s profit-maximizing allocation strategy as a function of customer ATP and
risk aversion. The green solid box highlights the strategy with highest consumer surplus and the red

dotted box highlights the strategy with lowest consumer surplus.

products it offers a retailer which, in turn, chooses a customer price and refund. The second is a
resource Allocation Problem, where the distributor allocates a given budget to (1) improve product
affordability (a financial lever), and (2) improve consumer education (an informational lever).

The distinction between risk-averse customers’ ATP and WTP has profound effects on the solu-
tions of these two problems and on supply chain equilibrium behavior. Figure 6 summarizes these
effects. The green solid box in Figure 6 highlights the equilibrium allocation strategy that induces
the highest consumer surplus, while the red dotted box highlights the strategy where consumer
surplus is lowest. Specifically, when customer risk aversion is high and customers’ ATPs are low
(which is common in the BOP), the distributor’s profit-maximizing allocation leads to the lowest
consumer surplus among non-dominated strategies. Conversely, when customers’ ATPs are high,
this tension between profits and consumer surplus disappears. Namely, we find a BOP-specific
misalignment between consumer surplus and profits.

We propose an operational commitment from the distributor to offering free returns as a poten-
tial solution to this misalignment. Such commitment ensures that no customer obtains a negative
surplus by trying out the product. We show that, when all customers have the same ATP, the
resulting consumer surplus is independent of profit maximization decisions and larger than any
equilibrium strategy without free returns, even in a BOP context. When customers have hetero-
geneous ATP, a commitment to free returns increases customer surplus but does not address the
incentives for the retailer to skim the market. Nevertheless, market skimming can be addressed by
a distributor’s commitment to charging a maximum retail price (which has become a legal require-
ment in India, for example). More generally, a commitment to free returns and a maximum retail

price can signal to socially-conscious investors that the distributor cares about consumer surplus.
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Many social enterprises spend significant resources measuring the social impact of their opera-
tions to provide “proof” that they are achieving their social goals. Our results indicate that, beyond
measuring impact, certain operational commitments (such as guaranteeing free returns and a max-
imum retail price) can also serve as “proof” of social-mindedness. These commitments constrain
the distributor’s decisions in a way that forces an alignment between social and financial objectives
throughout the supply chain. Exploring other operational commitments that force such alignment
can be valuable future research direction. Finally, there is a pressing need for more empirical
research and field experiments to validate stylized models of BOP supply chains. For example, a
field experiment to test the value of offering free returns on the adoption of durable goods in the

BOP could lead to new managerial practices and research questions.
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Appendix A: Challenges faced by BOP distributors: the case of Essmart

Profitably scaling the distribution of life-improving durable goods designed for BOP consumers is challenging
(Swaminathan 2007, Garrette and Karnani 2010). Although non-profit organizations, multinational compa-
nies, and start-ups have attempted to distribute these technologies at scale, no strategy has been completely
successful (Jue 2012). Non-profit organizations that have traditionally distributed technologies on a project-
by-project basis are limited in scale and financial independence. Multinational companies and start-ups alike
have tried increasing consumer awareness and access through massive door-to-door campaigns that combine
education and subsidized direct-sales to consumers (for an example, see Vidal 2013). However, managing
these massive campaigns with their large networks of sales agents is expensive and labor-intensive, and scal-
ing them is difficult due to high personnel turnover and the limited reach of the sales agents. Finally, all
types of distributors struggle with inappropriate product design, lack of long-term maintenance, and lack of
proper incentives, leading to commercial failures (see examples in Costello 2010, Simanis 2012).

Given this context, the motivation for our research and the main case study for this paper comes from
our collaboration with Essmart, a social enterprise that distributes innovative life-improving technologies to
BOP consumers in India. For a distributor like Essmart, the mixed objective includes both consumer surplus
and profitability.

Essmart was founded in 2012 and operates a hub-and-spoke distribution model that leverages India’s
extensive network of local retail shops. Each modular Essmart office, located in tier 3 towns in India, has four
Sales Executives who drive on routes of up to 100 kilometers per day via motorbike to build relationships
with peri-urban and rural retail shops, turning these shop owners into extensions of Essmart’s sales force
but with an established local presence and existing trusted buying relationships with customers. Essmart
currently operates 18 offices in Tamil Nadu, Karnataka, and Andhra Pradesh, India that have collectively
built a network of over 2,700 local retail shops.

Essmart’s innovative operations strategy, which allowed the company to achieve the unit economic prof-
itability of their offices in 2016, has three main components:

1. Distribution: Essmart partners with small “mom-and-pop” retail shops as points of sale and offers them
expedited product delivery, leveraging the fact that 85% of the annual retail spending in India occurs
through more than 12 million local retailers (Kohli and Bhagwati 2011). Essmart gives retailers a few
sample items and a catalogue that lists all of its products. With Essmart’s help, retailers select the
products from Essmart’s catalogue of 350+ SKUs that best fit their needs and shop profile, enabling a
diverse set of shop types to start selling Essmart products. When the retailer has a sale opportunity,
Essmart delivers the product within a few days. This “deliver-to-order” strategy effectively removes

the inventory risk and shelf space requirement from the retailer.

2. Consumer Education (marketing): Essmart Sales Executives run product demonstrations at local shops
and markets to educate consumers on product features and the needs they address, as well as refer
consumers to local retailers if they are interested in purchasing a product. Although the demonstra-
tions have less reach than door-to-door campaigns, they are significantly less labour intensive. The
demonstrations create awareness of Essmart’s products and seek to build trust between Essmart and

consumers, as well as between Essmart and their retailers, who are involved in the demonstrations.
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3. Consumer Guarantees: Essmart offers consumers a range of guarantees, including the opportunity to
return products and facilitating the service of faulty products that have manufacturer warranties. This
is the most innovative component of their operations strategy, since most companies and organizations
that distribute life-improving technologies in the BOP do not offer customers or retailers any form of

protection or recourse.
Appendix B: Proofs and Additional Results from Section 4
B.1. Additional Results from Section 4.1

Recall that r,(p) is the minimum refund the retailer must offer to uninformed consumers such that they
purchase the product at an effective price p, and p,(r) is the WTP of uninformed consumers given a refund
r offered by the retailer.

We now argue that r,,(p), given in Equation 3, is invertible for any p such that r,,(p) > 0, thus p,(r) =r_(r)
is well-defined. Indeed, the derivative r/ (p) for any p such that r,(p) > 0 is

B

Ta(P)=1+m>0a (7)

where the inequality follows since e®(*»=?+%) > 1 for p € [0,v, + 2] and 0 < B < 1. Then, 7,(p) is invertible.

We are now ready to characterize the optimal solution to the Pricing Problem.

Proposition B.1 Consider any consumer education level § € [0,1), ATP m € [w,v;], and subsidy x € [0,v;, —

m|. Then, the distributor’s optimal objective is
H*D(xae):maX{HaD(xve)aH%(xaa)} (8)

Where 11%,(x,0) and 114, (z,0) each correspond to the distributor’s profits in a non-dominated strategy.
Specifically, strategies (a) and (b) are characterized by:
(a) Target only informed customers without product returns. The customer price is p* =m+x and refund
is 7* =0. The retailer’s price and refund are ¢* =m+x and z* =0, respectively. The customer surplus
is CS® = (v, —m)0B. The retailer’s profit is 11, = 0 while the distributor’s profit is 119, (x,0) = (m +
x—w)fB+~CS*.

(b) Target both informed and uninformed customers with product returns. The customer price is p® =m+x

1—ge—a(vp—m)

5 )) The equilibrium retailer refund is

and the refund is * = r,(m) = max (O,m —2Iln (
2> =r,(m) and the retailer price ® is

(1-0)(1-p)05

b
c=m-+zx+ 03+ (1-0)

(2" —2). (9)
The consumer surplus is

CS" = (v, —m)B — (m—ra(m))(1-0)(1-B),
the retailer’s profit is I1% =0, and the distributor’s profit is

Iy (z,0) = (m+x —w)B+ (1= B)(m+z —ra(m) —w+y)(1-0) +7CS".
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Strategy (b) is preferred by the distributor over strategy (a) if and only if
m+z—w—(1=pB)(ra(m) —y) +v(B(vy —m) — (1 = B)(m —r4(m))) = 0. (10)

Proof. First, we analyze the retailer’s pricing problem and show that the optimal nominal price to
consumers is p* = m+xz and the optimal refund is such that r* € {0,7,(m)}. Note that the expected fraction of
customers who purchase the product is B(p, r,0) = (Oﬁ +(1- Q)JI{TZTQ (pfz)}) 1{p—w<m}- Since both indicator
functions are decreasing in p (cf. Equation 7), it follows that, for a given r, the optimal retailer’s price p* is
such that p* € {m+z,p,(r) + z}.

Then, if p* =m + x the retailer’s profit function is

Mg (m+2,7) = (m+2 =) (88+ (1= 0)Tgs, oy ) = (=)A= 0)(1=B)Lp,o, oy

The profit function above is constant for r < r,(m), has an increasing or decreasing step at r =r,(m), and
is linear decreasing for r > r,(m). Therefore, r* € {0,7,(m)} when p* =m + x.

Conversely, if p* = p,(r) + « the retailer’s profit function is

g (pa(r) +2,7) = (pa(r) +2 =) 08+ (1 =0) Ly, )<y = (r=2) =)L =B)Lr, (y<m)-

The profit function above is zero if p,(r) >m since customers cannot afford the product. When p,(r) <m
(equivalently when r < r,(m)) the profit function is increasing in r. To show this, first note that when
r <r,(m) we have

Ol g (po(r) + ,7)
or

(1) 09+ (1-0) ~ (1-0)(1 - 5) = 2T 0=

where the second equality comes from the fact that p, = r_*. Then, from Equation 7, for any p € [0, v), + ],

-([1=0)(1-5).

we have that ( )
B 5 98+ (1-¢
3" a9 "G00 5

The first inequality comes from noting that r/ (p), given in Equation 7, is decreasing in p for p € [0,v;, + z]

r,(p) <1+

and that r/ (v, +2) =1+ % It follows that %&THM >0, thus r* =r,(m) when p* =p,(r) +z, and
p* =m+ x in this case as well.

Hence, we conclude that p* =m + x and r* € {0,7,(m)}, fully characterizing the potential equilibrium
behaviors of the retailer. With the retailer’s equilibrium behavior in hand, we now characterize the distrib-
utor’s equilibrium pricing and refund strategies.

Assume first that the distributor is interested in inducing the retailer to target informed consumers with

high valuation, i.e. set p* =m+ x and r* =0. In this case, the distributor’s problem can be written as
max (c—w)8B + (v, —m)0p
st. (m+z—c)0f>(m+x—c)(08+(1—0)) —(ro(m)—2z)(1—-0)(1—-7) (10)
(m+x—c)08>0. (IR)

Note that the (IC') constraint above implies that the retailer sets p* =m + x and 7* = 0. The objective is

increasing in ¢ and independent of z, with an upper bound ¢ < m+ x given by the (IR) constraint as long
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as z < r,(m), otherwise the problem is infeasible. Hence, in particular ¢* =m + z and z* = 0, leading to
strategy (a) in the statement of the proposition.
Now assume that the distributor is interested in inducing the retailer to target uninformed consumers too,

ie. set p* =m+x and r* =r,(m). In this case, the distributor’s problem can be written as

max (¢ —w) (08 +(1-0)) = (z = y)(1 =) (1 = §) +v((vn =m)B — (m —ra(m))(1 = 0)(1 - §))

c,z>

st. (m+z—c)(08+(1—0))— (ro(m)—2)(1-0)(1—p5)>(m+x—c)0p (I0)
(m+z—c)(@6+(1-0)) = (ra(m) —2)(1=0)(1 - 5) > 0. (IR)

The objective is increasing in ¢ and decreasing in z, leading to ¢* =m + z and z* = r,(m) where both the
(IR) and (IC) constraints are tight. This corresponds to strategy (b) in the statement of the proposition. A
direct comparison between II% and I1%, shows that IT5,(x,60) > 1% (z, #) if and only if

m+z—w—(1=B)(ra(m) —y) +v(B(vs —m) — (1= B)(m —ra(m))) 20,

completing the proof. [
Note that in Equation 10 the term m + x — w is the expected distributor’s margin on each sale, (1 —
B)(ro(m) —y) is the expected cost of a product return, and (v, —m)— (1 — ) (m —r,(m)) is the uninformed

consumer’s expected surplus.

B.2. Proof of Proposition 1

Proof. We first show that the distributor’s objective function is increasing in x. Note that

a b
Mb 50, and 22 = 5+ (1-6)(1 - §) >0,
ox T

Hence, ang > 0.
In contrast, the distributor’s objective function is not always increasing in 6. To prove this, first note that

ar1e,

& = (ywn+(1—=y)m+2x—w)B >0 and

o, 1-8 1 — Be~alvn=m)

)= By

Hence, % <0 if and only if

1— ﬂefa(vh*m)
1-p

Moreover, recall from Proposition B.1 that I3 =TI% if and only if

1
y—|—(1—7)aln< >—|—3:—w20.

m+z—w—(1=p8)(ra(m) —y) +7(B(vs —m) — (1= B)(m —ra(m))) 20,

or equivalently

1. [1—pBeeln=m) B
y—i—(l—'y)aln — 15 —i—x—w—kﬂ(v(vh—m)—i—m—i-x—w)zo. (11)
By noting that (y(v, —m)+m+ 2z —w) > 0 we conclude that Bg—;b < 0 implies IT;, = II%. Therefore,
% < 0 if and only if the inequality (11) holds.

. %114 82118 .
Finally, 5,2 = 3> 0, and 5,52 = —(1— ) <0. This concludes the proof. O
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B.3. Proof of Theorem 1

Proof. Let (x*,0%) be the optimal solution of the distributor’s allocation problem. We analyze strategies
(a) and (b) from Proposition B.1 separately.

F and M: Assume first that IT} (x*, 0%) =11, (z*, 6%).

Since % =608 >0 and m;—;D =(yo, + (1 —v)m+ 2z —w)B >0 then from Assumption 1 it follows that
the optimal solution to the resource allocation problem exhausts the budget, i.e., ¢,(6* — 6p) + 6*Sz* = b,
or equivalently z*(0) = w. By replacing z*(€) in the resource allocation problem, it simplifies to the
following one-variable optimization problem

max I4(0) = (yon + (L —y)m —w)0B +b—cy(6 — 09)
b—co(6 —65) (12)

st.  0€[b,1], o5 € [0, v, —m].
Let 6% be the optimal solution of problem (12), and x* = %;_90). The objective function of problem (12),
1% (), is linear. Moreover,
dI1s, (0
50—y, + (1 )m —w)8 — e (13)

Hence, #* must be equal to one of its upper or lower bound, i.e.,

a (b—0oB(vy —m))*t . b
0 6{90—1— et Blon —m) ,mln(l,@o—i—%)},

and thus

z® € { min (vh —

b b—co(1—0p))"
" 9oﬁ> ’ n(ain (1,(00 + b); 3

co
Namely, when following strategy (a) in Proposition B.1 the distributor either invests the budget in increasing
the consumers’ maximum ability to pay first, and then the consumer education level only if there is budget
available (strategy F'), or invests the budget in increasing the consumer education level first, and then the

consumers’ maximum ability to pay only if there is budget available (strategy M).

F_ (b_QOB(Uh_m))—l_ F_ - ( _ b)
0" =0y + e+ Blon —m) , ' =min | vy m700,8 ,

Specifically,

and

_ —m))t
1y = <vvh+(1 —y)m + min (vh —m700bﬂ> —w) (90+ (bcei)g((?:; _;nl))) )5

— — +
Cop ﬁ

Similarly,

and
b
Y = (yv, + (1 —)m — w) min (1,«90 + c> B+ (b—co(1—0p))"
0

FR and MR: Assume now that IT}, (z*,0%) = II% (2, 6*).

Since % =p4+(1-0)(1—3) >0, then from Assumption 1 it follows that the optimal subsidy must either

b—cg(0—00) )

be equal to its upper bound or the budget constraint must be tight, i.e., 2*(0) = min (vh — M, S
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By replacing z*(#) in the resource allocation problem, it simplifies to the following one-variable optimization

problem

max 1% (6) = (30, + (1 —)m —w)5 -+ min (6, —m)(5+ (1~ 6)(1— B)).b—co(6 — o))

_ _ Bealon—m)
- (R ) ca-pw-n) a-o (19
st. 0€[0p,1], co(6—6p) <b.

Let 6° be the optimal solution of problem (14) and 2* = z*(6"). Since the minimum of two linear functions
is concave, then the objective function of problem (14), IT5,(6), is piece-wise linear concave with at most two
pieces. Moreover, note that
dIts,(9) 1-5 1 — Bealen=m)
=—|(1- 1 —(1- -
7 1-7)—h - (1-8)(w—-y)
= o= ((vh =m)(1 = B) = o) L1, (9—09)+ (v, —m)(8+(1-0) 1-8)) <0} (15)

Hence, we conclude that either #° is equal to its upper bound, i.e., #* = min (1,90+ é), or alterna-

tively 6° must be equal to one of its lower bound or the kink between the linear pieces of II%(0), i.e., 8° €

cg—(vp—m)(1-8)

the budget in increasing the consumer education level first, and then the consumers’ maximum ability to pay

{90, M}. Namely, when following strategy (b) in Proposition B.1 the distributor either invests

only if there is budget available (strategy M R), or invests the budget in increasing the consumers’ maximum
ability to pay first, and then in increasing the consumer education level only if it is beneficial and there is
budget available (strategy FR).

Specifically,
- — +
GIWR = min <1,90 + b) , xMR = M)
Co 6

nd
‘ ™= (yon + (L= y)m —w)B+ (b —ca(l— 6))*

+ ((1—7)1;5111(1—6;—_“?%)) —(1—6)(w—y)) (1—60—:9)+_ (16)

in closed form there are two possible cases depending on whether I1% (#) has a kink

In order to write 8%

in the feasible interval of problem (14), {00, min (1, 0o + i)] . We analyze these cases next.

First assume ¢y < (v, —m)(1 — ), then from Assumption 1 it follows that II%(6) does not have a kink
in the feasible interval of problem (14). Specifically, if ¢y < (v, —m)(1 — ) then % >1, and if
co = (v, —m)(1 =) then b—cy(0 —6p) < (v, —m)(B+ (1 —0)(1—5)) for all §. Namely, at 6 =, there is no
leftover budget after investing in x and 0% =6, in this sub-case.

Now assume ¢y > (v, —m)(1— ), then from Assumption 1 it follows that II%,(6) has a kink in the feasible
interval of problem (14) if and only if % > 0y, or equivalently (v, —m)(8+ (1 —00)(1—23)) <b.
Moreover, from Equation 15 it follows that the kink will attain an objective value at least as large as the
solution 6 = 6, if and only if y <y, where

_ Be—alvp—m)
Yo=w — (1*V)éln (1516_5> = (vp —m).
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0 ifzx<0

Th
Logfg>o0. oW

To simplify the notation, we define the function —+ = {

(b—(vn—m)(B+(1—60)(1—B)))"
(Cg — (v, —m)(1 —B))Jr+

xFR:min(vh—m b )
"B+ (1=600)(1-58))’

GFR :90 +

]l{yﬁye}v

and
ML = (0, + (1 =y)m —w) B+ min (v, —m)(8+ (1= 60) (1= 8)),b)

(a- i () 0 w-n) -0

. (wy 1fyln<1ﬂea<vhm>> <vhm>)+(15> (b= (on = m)(B+ (1= 60) (1= B))) "

+
1-5 (co— (vn —m)(1—B))""
(17)
To conclude, note that the optimal objective value of the resource allocation problem is
1977 = (15, T3 TG, T4 7).
O

B.4. Strategy Map with Homogeneous ATP

To characterize the strategy map of the Allocation Problem in Proposition B.2 we use three auxiliary
functions a;(m), az(m), and as(m), as well as three auxiliary thresholds on the consumers ATP m®, m™M~£

and mM*®, which are defined in its proof.

Proposition B.2 Assume w < v, +(1—08)y and ¢y < (1—0)(w—vy). Let F, M, FR, and M R be the invest-
ment strategies from Theorem 1. Then, there exist ATPs m¥, m™E  and mM~® where w < m¥ <mME mME <
v, and functions a;(m), az(m), and az(m), such that for a given customer risk aversion parameter o and

base ATP m,

Strategy F is optimal if o is large enough and m is smaller than m* . Specifically,
5 > max (1Y, TIER TIN®) if and only if m <m" and o> as(m).
e Strategy M is optimal if o is large enough and m is larger than m* and smaller than m™T. Specifically,
Y > max(I15, ITER TIN 7Y if and only if m"™ <m<m™* and a > ay(m).
e Strategy F'R is optimal if & and m are small enough. Specifically,
IER > max(IT5, TN, TIN %) if and only if m <m™*® and o < min(a;(m),as(m)).

e Strategy MR is optimal if m is larger than m*™ and « is larger than ai(m) and smaller than as(m).
Specifically,

Y7 > max (5, T IR if and only if m™ <m and a;(m) < a < az(m),

where a1 (m) < az(m) if and only if m>m". Also, ar(m) =0 for all m* <m and az(m)=oco for all

mME <m.
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Before stating the proof of Proposition B.2, we provide intuition on the proof’s structure and define
auxiliary functions.

Our goal is to describe the optimal allocation strategy as a function of (a, m). For such, we write the profit
of each strategy as a function of (o, m). The profits under strategies F, M, FR, and MR are, respectively
I (e, m), UY (o, m), TER (e, m), and Y (a, m).

We will define a threshold, m”, and functions a1 (m),az(m), and az(m) where a1 (m”) = az(m”) = az(m”).
We will then establish the following properties:

e Property 1: ITE (o, m) > TI¥ (o, m) if and only if m <m?";

Property 2: II¥®(a,m) > TTER(a,m) if and only if a > a;(m);

Property 3: I (a, m) > TI¥ R (,m) if and only if @ > as(m);

Property 4: IT5 (o, m) > TI5R(a,m) if and only if a > az(m);

Property 5: a;(m) < az(m) if and only if m > m®. Moreover, az(m) = oo for all m > m™* and a;(m) =0
for all m > m™M% where w < mf <mME mME <y,
Note that Property 5 combined with the first four properties establishes the following additional properties:

e Property 6: when m <m” then I¥%(a,m) < max(ITEF (o, m), [T (o, m));
e Property 7: when m >m* then a > as(m) implies IT5% (o, m) < T (o, m);
e Property 8: when m <m® then a < az(m) implies II5*(a, m) > ITY (o, m);

e Property 9: when m >m” then o < oy (m) implies ITER (a, m) > TTY (o, m).
The nine properties above completely characterize the strategy map in the statement of Proposition B.2.
Namely,

e [ is optimal if and only if m <m” and « > az(m) (combine Properties 1, 4, and 6);
e M is optimal if and only if m* <m <m™® and a > ay(m) (combine Properties 1, 3, 5, and 7);
e F'R is optimal if and only if m <m™* and a <min(a;(m),az(m)) (combine Properties 2, 4, 5, 8, 9);

e MR is optimal if and only if m* <m and a;(m) < a < az(m), where a;(m) < az(m) if and only if
m>m¥, a;(m) =0 for all m™~% <m, and a;(m) = oo for all m™~% <m. (combine Properties 1, 2, 3, 5).
We now prove each property.
Proof of Property 1. Recall the Linear Program in (12) for deciding between strategies M and F. From
Equation 13, we have that IT5 > I1¥ if and only if (yv, + (1 —v)m —w)3 < ¢y. Thus, m* = w
Proof of Property 2. Recall the optimization problem in (14). From the concavity of 11}, (9) it follows that

o . o e dIT%(0) .
it is sufficient to check the derivative —2°= at 6 =1, i.e.,
b
MR > [[ER dIl}, (1) >0.
do
We have
dI1s, (1) 1-8 1— Bealvn=m)
—— (- 1 (11— _
10 (1-7)—n 15 (1-8)(w—y)

= o= ((vn =m)(L=B) = o) Leo (1 091 (0,—mys<s)

_ _ Be—a(vn—m)
—— 1) (A ) - ) -
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where the second equality follows from Assumption 1. Thus,

dIre (1 1— 1— Be~o(vn=—m)
%20@ avln( - < g1(m),
where g1 (m) =w —y — (lc_—eﬁ) First assume that v <1, note that then the term 1;—7111 (%) is

monotonically decreasing in o and has range [0, %] f0<g1(m) < %, then there exists

1=y, (1= fesatnm) )
n = .
& 1-3 g

(; that satisfies

Then, we define a,(m) as
oo, ifgi(m)<0

ay(m)=< &y, if0<gi(m)< W

0, if U=l g (m).
Since ¢y < (1 — B)(w — y) by assumption, then g;(m) > 0 thus a;(m) < co. The definition of a;(m) when
~v > 1 is analogous and is skipped for the sake of brevity. This establishes Property 2.
Proof of Property 3. To compare strategy M and M R, we directly compare their distributor’s value. From
the proof of Theorem 1:

Iy ™ (a,m) =(yvn + (1 =y)m —w)B + (b= co(1 = 0p)) "

(a0 2w (2 ) (1-00- L)

1-p Co

and
T (0, m) = (y0n + (1 — 7)m — w) min (1,eo+f) Bt (b col1—00))"
0

Thus, IT¥ (o, m) > TT¥ (e, m) if and only if

s aemmewd (1-00- 2) > (002 (R ) S0 (1-0- 2)

Jr
If (1 — 0 — i) =0, then the budget is sufficient to set § =1 and the profits of policy M and MR are
the same since all customers are informed and there are no returns. Thus we consider the case where
+
(1 — 6y — i) > 0. In such case, the inequality above becomes

1 — Be—alon—m)
1-p

~Gun+ = pm =) =9l ) - -8

Rearranging the terms yields the relationship,

1— Be—aten—m)
1-p
where ga(m) =w —y — (yvn + (1 — v)m — w)%. As in Property 2, first assume that v < 1, note that
then the term i—”ln(

1—
Y (a,m) > Y (a,m) <= T n (
a

) < g2(m).

1—Be—(vp—m)
1-p

0<ga(m) < %, then there exists a &- that satisfies

lffyl 1fﬁe*@2(vh*m) B ( )
2 n 15 =ga(m).

. . . . (1—=7)B(vp—m)
) is monotonically decreasing in « and has range [0, nf;} If
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Then, we define az(m) as

oo, if ga(m) <0

as(m) =< é&a, 1 0<go(m)< W

0, if B=2lnom) < g)(m).
Since w < By, + (1 — B)y by assumption, then go(m) < (1 —7)5(v, —m)/(1 — B) thus az(m) > 0. As before,
the definition of as(m) when v > 1 is analogous and is skipped for the sake of brevity. This establishes
Property 3.

Proof of Property 4. The proof of this property is analogous to the proof of Properties 2 and 3. We denote

the information level in strategy F and F'R by 6 and 7%, respectively. We directly compare the distributor’s

value in F' and F'R. Hence,

I (a,m) > T5" (or, m)

= (yon + (1 —=y)m —w)0F B+ b—cy(0F —6p) >
(’yvth(l—’y)mfw)ﬂerin((vh—m)(ﬂJr(lf@FR)(lfﬂ)),b—cg(HFRfﬁo))
1-B. (1—peln=m) FR
o w (RS ) s w-n) a0

= (o + (1 —y)m —w)0" B+b—cy(0" — ) >

(104 (L ) — )5 b (07— ) — (b o (07 — ) — (t, — m)(3+ (1~ 0"F)(1— 3)))
(- (R ) - s+ o+ = pm - w)s) (=07
= ((yon + (L= y)m —w)B —cg) (07 - 077)
(b (o= m) (84 (1= 80) (1~ 8)) — (e — (v —m) (1 8)) (0"~ 6,)) =
_ _ Be-elon—m)
(-0 () - - 9w -0+ ot (L= )= w)3) (1= 6°7)
= ((yon (1 )m = w)5 - ) (07 07

(b (= m) (B4 (1= 80)(L = 8)) — (b (o~ m)(B+ (1= B0)(L— B)) "Ly r iy L) =
_ _ Be—alon—m)
(-0 2w (B ) - a4 o+ = pm - s ) (=07

1—7 1 — Be~alvn=m)
1 <
= — n< - < gs(m),

where the first equivalence is by definition of IT% and IT5%, the second and third equivalences follow by

OFE, and the last equivalence follows

rearranging terms, the fourth equivalence follows from the definition of
by defining g3(m) as

) 9F _ gFR
920m) = 755 [(1—ﬂ><w—y>—<w+(1—v)m—w>ﬁ+ (G (1= ym =) =as) (G )

1

+(b— (on —m)(B+(1—0p)(1—B8)) "

Ly chpcozon-mya-9}
1—0FF ’

ﬁefa(vhfm)

1-8
v<1,if 0< g3(m) < %, then there exists a &3 that satisfies

lffyl 1fﬁe*@3(vh*m) B ( )
2 n 15 =gz(m).

where yy =w — % In (1’ ) — (v, —m). Similar to the previous two properties, assume first that
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We then define a3 as
az(m)=1 éz, if0<gz(m)< %
0, if G=fmm) < go(m).
Again, the definition of az(m) when v > 1 is analogous and is skipped for the sake of brevity. This establishes
Property 4.
Proof of Property 5. We first show that a;(m”) = az(m’). By definition m” satisfies (yv, + (1 —~)m? —
w) B = ¢q. Therefore,

Co

B F
—w)mzw—y— 1-3) =g1(m").

F

g2(m") =w—y—(yp+ (1 —~)m

We now show that a;(m) > az(m) if and only if m <m” . Since (yv, + (1 —v)m —w)B > ¢, if and only if
m >m?, then g;(m) > g2(m) if and only if m > m?* | hence a;(m) < ay(m) if and only if m > m?”.

We now prove the second statement in Property 5. Let mM® = v, — %. Then, from the definition
of a;(m) in Property 2 we have that if m > m™¥% then a;(m) =0, i.e., strategy MR dominates strategy
FR for all a > a;(m) = 0. Moreover, the first statement in Property 5 then implies m™? > m® while ¢y <
(1 — B8)(w —y) implies m*® < v,. Furthermore, Property 1 then also implies that strategy MR dominates
strategy F for all &> a;(m)=0 and m >m?".

— %. Then, from the definition of as(m) in Property 3 we have that if

m > mME then as(m) = oo, i.e., strategy MR dominates strategy M for all o < as(m) = oco. Moreover, the

Similarly, let m™* = v,

first statement in Property 5 implies m™*® >m” while w < v, + (1 — 8)y implies m™*? < v,,, establishing
Property 5.

Hence, we have shown Properties 1 to 5, completing the proof of Proposition B.2. O

B.5. Strategy Map when w > fv;, + (1 — 8)y with Homogeneous ATP

The strategy map when (v, — w) + (1 — 8)(y — w) < 0 is simpler since only strategies F' and M can be

optimal, as shown in the following proposition.

Proposition B.3 Assume S(v, — w) + (1 — B8)(y —w) < 0 then the distributor’s optimal strategy in the
resource allocation problem can be characterized as follows. Strategies MR and FR in Theorem 1 are always
dominated. Moreover, consider the threshold m* on the customers’ base ability to pay from Proposition B.2,
then:

e Strategy I in Theorem 1 is optimal if and only if the customers’ base ability to pay m is smaller than

the threshold m¥ . Specifically,
max(I1Y , IIER TINF) <TIE if and only if m <m”.

e Strategy M in Theorem 1 is optimal if the customers’ base ability to pay m is larger than the threshold
m¥ . Specifically,

max(T15, IIEF TIN ) <T1Y if and only if m>m".
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Proof. We build on the proof of Proposition B.2. Specifically, recall the threshold m* and the functions
ay(m),az(m), and az(m). Moreover, recall Properties 1 to 5.

We show that B(v, —w)+ (1 — 8)(y — w) <0, or equivalently w > v, + (1 — )y, implies that strategies
MR and FR are dominated for any m and a > 0.

First, we show that w > Bv, + (1 — 8)y implies IT1¥ (o, m) > Y F(a,m) for any m and « > 0. We have

0> pBop+(1-Bly—w
=(on+ {1 =y)m—w)B+ (1 =)y —m) - (1= B)(w—y)
=1 =7)B(vn —m) = (1= P)ga(m).
Hence, go(m) > (1 —v)8(v, —m)/(1 — B). Thus, by definition ay(m) =0 for any m and Property 3 implies
¥ (a,m) > II¥ % (e, ) for any m and a > 0.

Second, we show that w > Bu, + (1 — B)y implies IIM%(a,m) > 5 (a,m) for any m > m” and « > 0.
Indeed, we have already shown that w > pv;, 4+ (1 — 8)y implies az(m) =0 for any m, then Property 5 implies
ai(m)=0 for any m >m?", and from Property 2 we conclude I} (a,m) > II5% (e, m) for any m >m" and
a>0.

Third, we show that w > vy, + (1 — 8)y implies 115 (o, m) > TER (o, m) for any m <m” and a > 0. Indeed,

157, m) -0 w)B -+ min (v —m)(B+ (1— 67F) (1 B)),b— ey (67 — 60))
(am i () 0 w-n) -0
i+ (1205 i (o )3+ (071 3) b o070
(- (24 e m)>—(1—B)(w—y)+ﬁ(vvh+(1—v)m—w)>(1—9FR)
om0 5 07— 00) 5 (3 — ) (1 8) o) (L
<(yon + (1 =7)m —w)8"™ B +b—cy (077 — bp)

Ym—w)0F B+ b—co(0F — )

<(yon+(1 -7

=I5 (a,m),
where the first inequality follows from min ((vs, —m)(B8+ (1 —67)(1—8)),b—ce (07 —0)) < b—co(87F —by),
and since =2 1n (1_‘3671(5;“"1)
follows from the assumption w > Bv, + (1 — 3)y. The last inequality follows since 6% > 7% from Lemma B.1

) is decreasing in a > 0 and taking the limit o — 0. The second inequality

below, and (yv, + (1 —y)m — w)B — ¢y > 0 for any m < m”. Hence, we conclude that w > Bv, + (1 — 8)y
implies I} (e, m) > IIER (o, m) for any m <m! and « > 0.

Last, Properties 2, 3, and 5 imply ITM % < max(IT5, TTIEF) for any m <m® and « > 0.

Putting all these observations together, we conclude that w > fv, + (1 — B)y implies
max(I15 (e, m), 1T (ar,m)) > max(ITI5% (o, m), II¥ (e, m)) for any m and a > 0.

Namely, strategies M R and F'R are dominated for any m and « > 0, and it is enough to compare between
strategies F' and M. Finally, Property 1 states 115 (o, m) > II¥ (o, m) if and only if m > m?”, concluding the
proof. O

Proposition B.3 shows that for products that are socially efficient to try by high valuation consumers only
the distributor generally implements strategy M or F' in Theorem 1, depending on whether the consumers’

base ability to pay m is high or low, respectively.
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B.6. Strategy Map when ¢, > (1 - )(w —y) with Homogeneous ATP

The strategy map when ¢, > (1 — 8)(w — y) is simpler since only strategies F' and F'R can be optimal, as

shown in the following proposition.

Proposition B.4 Assume ¢y > (1 — ) (w —y) then the distributor’s optimal strategy in the resource alloca-
tion problem can be characterized as follows. Strategies M and MR in Theorem 1 are always dominated for
any m <wvy,. Moreover, consider the function az(m) from Proposition B.2, then:
e Strategy F' in Theorem 1 is optimal if and only if the customers’ risk aversion parameter is large enough.
Specifically,
max(T1Y , TIER TIMNF) <TIE if and only if o> az(m).

o Strategy FR in Theorem 1 is optimal if the customers’ the customers’ risk aversion parameter is small
enough. Specifically,

max(I15, 1Y TN F) <TIER if and only if a < az(m).

Proof. We build on the proof of Proposition B.2. Specifically, recall the threshold m* and the functions
ai(m),az(m), and asz(m). Moreover, recall Properties 1 to 5.

We show that ¢y > (1 — §)(w —y) implies that M and M R are dominated for any m < v, and a > 0.

First, we show that ¢, > (1 — 8)(w — y) implies II5%(a,m) > U} (a,m) for any m and « > 0. Indeed,
¢o > (1 = B)(w — y) implies g;(m) < 0. Thus, by definition a;(m) =0 for any m and Property 2 implies
IIER (a,m) > ¥ (a,m) for any m and o > 0.

Second, we show that ¢y > (1 — 8)(w — y) implies max(I15 (a, m), IIER (o, m)) > I1Y (o, m) for any m < v,
and a > 0. We consider two cases. Indeed, first assume (v, —w) < ¢y which is equivalent to m* > v,,. Thus,
Property 1 implies 115 (a, m) > IT¥ (o, m) for any m < v, completing the proof in the first case. Now assume
B(vy, —w) > ¢q, since by assumption ¢y > (1 — §)(w —y) we conclude (1 — f)(w —y) < B(vy, — w), which
implies go(m) < 0 for all m < w,. Thus, by definition as(m) = oo for any m < v, and Property 3 implies
Y2 (a,m) > T (o,m) for any m < v, and a < oo. Since we have already shown LR (o, m) > TN E(a, m)
for any m and a > 0, we conclude that 8(v, —w) > ¢y and ¢y > (1 — 8)(w — y) imply HER(a, m) > T1¥ (o, m)
for any m < v, and a >0, completing the proof of the second case.

Putting all these observations together, we conclude that ¢, > (1 — B)(w — y) implies
max(I1E5 (a, m), U5 (a, m)) > max(IT¥ (o, m), I F(a,m)) for any m <wv,, and o > 0.

Namely, strategies M and M R are dominated for any m and a > 0, and it is enough to compare between
strategies F' and F'R. Finally, Property 4 states I15(«, m) > II5% (o, m) if and only if o > az(m), concluding
the proof. O

B.7. Proof of Corollary 1

Proof. The first statement in the corollary is the same as the first statement in Proposition B.2 taking
ar(m) = az(m), while the second statement in the corollary follows directly from the last statement in
Proposition B.2.

The third statement in the corollary is the same as Proposition B.3, while the last statement in the

corollary is the same as Proposition B.4, completing the proof. O
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B.8. Consumer Surplus Analysis with Homogeneous ATP

We now state and prove a useful auxiliary lemma.

Lemma B.1 Let 0%, i € {F,M,FR, MR} be the education level of each strategy from Theorem 1. Then,
under Assumption 1,

91\4 — eMR Z QF Z 9FR. (18)

Proof. From their definition, in the proof of Theorem 1, we have 6™ =M% where they are equal to the
natural upper bound on 6. Moreover, from Assumption 1 it follows that 0™ = M™% > 9F, We now argue that
0F > 0FE. In fact, if 6FF =0, then 0F > 0FF follows trivially from their definition, in the proof of Theorem
1. If 6F% > 6, then by definition again we must have ¢y > (v, —m)(1— 8) > 0, (67 —0y) + (v, — m) (8 +
(1—0FR)(1—B)) =b, and cy(6F — 6p) + (v, — m)0F (1 — B) = b, hence we conclude 0 > FE in this case as
well, completing the proof. [

B.9. Proof of Proposition 2

Proof. Recall, from Proposition B.1, that
CS" = (v,—m)0'B, ie{F,M},
and
1 _ /Be—a(vh—m)
1-p
We now show that C'SM® is the largest consumer surplus of the non-dominated distributor’s strategies

from Theorem 1. In particular, since ™% > 6F% from Lemma B.1 then CSM? > CSFE,

CSi:(vh—m)ﬁ—l;ﬁln< )(1—91), i€ {FR,MR}.

Moreover,

CSME > (v, —m)OMEB = (v, —m)V B =CSY > (v, —m)0" B =CS*,
1-ge—a@p—m)
1-8
a — 0. The second inequality follows since, from Lemma B.1, 6 = ™% > §F . Hence, we conclude CSME >

max (C'SF,CSM,CSFR).

Finally, we show that there exists a$(m) such that C'ST is the smallest consumer surplus of the non-

where the first inequality follows since %ln( ) is decreasing in a > 0 and taking the limit

dominated distributor’s strategies from Theorem 1 if and only if o > a$ (m). We have already shown C'SM% >
CSM > (CS*. We now show CSTE > CSY if and only if o > ay(m). Then, together with the first statement
in Proposition B.2, we will conclude II% > max(IT}, IIE® TIM7) and C'S* <min (CSME,CSM, CSFR) if and
only if m <m and a > max(ar(m),a$(m)), where ar(m) = az(m). In fact, we have

FR F 1-8 1— Be=on=m) (1-07)
CS*>C8t — - ln< - )Sﬂ(vhm)(l_m,

_ _ —a(vy, —m)
where the term 1=£1n (71 Be T i
a -8B

from Lemma B.1 we have 8% > 6% then 0 < 8(v;, — m)% < B(v, —m). Moreover, since 6F is indepen-

) is monotonically decreasing in « and has range [0, 8(v;, —m)]. Since

dent of a and 8" F is non-decreasing in « it follows that there exists a$s(m) such that
1-8. [1—Ber—m) (1-07) os
o ln( 1—ﬁ Sﬂ(ﬂh—m)mﬁﬁz&lp(m),

completing the proof. O
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B.10. Results from Section 4.3 on Free Returns with Homogeneous ATP
We first specify the model under the assumption that the distributor commits to a free return policy.

With free returns, the distributor’s pricing problem then becomes

I (,6) =max (e =) Blp' —ap" =2.6) = (=) R —a.p" =2.0)+7-CS(" —a.p" —a,0)

st. {p*} € argmgx(p—c) ‘Blp—z,p—z,0)—(p—z—=2)-Rlp—z,p—=,0) (IC) (19)
B(p* —x,p" —x,0)—(p* —x—2) -R(p* —x,p* —2,0) >0. (IR)

and the distributor’s resource allocation problem remains unchanged.

Note that the same outcomes can be achieved in the original model by assuming that customers are
extremely risk averse, by taking the limit as o — 0o, making customers max-min utility optimizers.

With the formulation at hand, we adapt Proposition B.1 to characterize the distributor’s pricing strategy

in this restricted setup, in the next proposition.

Proposition B.5 Consider any customer education level 8 € [0,1), ATP m € [w,vy], and subsidy x € [0,v), —
m]. Assume the distributor commits to a free returns policy. Then, the equilibrium customer price is pf =

m+ 2z and the refund is v¥ =m. The equilibrium retailer refund is z¥f =m and the retailer price ¢’ is

(1 — 0)(1 _ﬁ)eﬁ (Zf 72f).
95+ (1—-0)

The consumer surplus is CST = (v, —m)p, retailer’s profit is 0, and the distributor’s profit is

c=m+ax+

I (2,0) = (m+x —w)B+ (1—B)(z —w+y)(1—0) +CS’.

Proposition B.5 is a special case of Proposition B.1 when o — oo. Therefore, we omit the proof.
Proof of Proposition 3. The proof of the first part of the proposition is the same as the proof of Theorem

1 for the special case when o — co. Therefore, we only focus on the expressions that change. Specifically,

f b ’
My = (yon+(1=y)m—w)B+ (b= co(1 =)t = (1= B)(w—y) (1—90—) - (20)

Co

0 ifz<0

Th
1ogfp>0 000

To simplify the notation, recall the function H% = {

(b= (on—m)(B+(1~00)(1=B)) "
(o= (o —m)(1=p) T+ ATl

9 R =0, +

and
IER = (o, + (1= 7)m —w) B +min (v, —m)(8+ (1 - 0o)(1 - §)),b)
(b— (v, —m)(B+(1—6,)(1 *ﬂ)))+_
(co — (v —m)(1—p)) "

—(1=8)(w=y) (1 =o) + (w—y — (v, —m))" (1 - 5)

(21)

The proof of the second part of the proposition is the same as the proof of Property 2 in the proof of
Proposition B.2 for the special case when o — co. Namely,

dITp (1)
do

YA >TE — = (1—B)(w—y) —cs >0,

completing the proof. [
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Appendix C: Results from Section 5 on Heterogeneous ATP

Proposition C.1 Consider any consumer education level 8 € [0,1), ATPs my,my, € [w,vy,], m; <my, and

subsidy x € [0,v, —my]. Then, the distributor’s optimal objective is
I}, (2, 0) = max {11}, (x,0), 1157 (2, 0), 13 (, 0), 157 (2,6) } . (22)

Where 1T, (x,0) i € { A, AR, S, SR} each correspond to the distributor’s profits in a non-dominated strategy.
Specifically, these strategies are characterized by:
(A) Target all informed customers without product returns. The customer price is p* =m; +x and refund
OA

is v =0. The retailer’s price and refund are c* =m; +x — o and z# =0, respectively. The customer

surplus is CS* = (v, —m,)0f. The retailer’s profit is 11 = O4 while the distributor’s profit is
I (2,0) = (my + 2 —w)08 — 04 +~CSA,

where

o 208 (s =) if 0B < N8+ (1-19))
27\ max { 208t zm) g ralml =Nt ) 0L L i g5 > A(05 + (1 - 0)).
This strategy can be sustained in equilibrium if and only if Oﬁ <UB*, where

UBA - {min {ra(m)8B(1 - §), A9l A=A o) (OO L i g3 < A (65 + (1-0))

ra(m)0B(1— B) if 08 > \08+ (1—0)).

(AR) Target all informed and uninformed customers with product returns. The customer price is p*® =m,; +

—a(up—m AR
x and the refund is r*® =r,(m;) = max (O,ml —<In (Helf(;l))) Let 248 =r,(my) — OOW
Then, without loss of genemlity, the equilibrium retailer refund is 2% = max(0, 2*%) and the retailer
price is M =m, +x — 98" 4 W( — zA4%). The consumer surplus is CS*% = (v, —m;)B —

(my —ra(my))(1—0)(1— 5) the retailer’s profit is 1A% = OA%, and the distributor’s profit is
5" (2, 0) = (mu + & —w)B + (my + 2 —ra(mi) —w +y)(1 = B)(1 ) = O" +7C5*",

where

O = 2 (= m0) = (= ralm) — (my —ro(mi))) (1= 0)(1 = )"

This strategy can be sustained in equilibrium if and only if
OA% < (my+2)B+ (my+x —1a(my))(1—60)(1—p).

(S) Target only informed customers with high ATP without product returns. The customer price is p° =
my, +x and refund is r° = 0. The retailer’s price and refund are ¢ =my, +x and z° = 0, respectively. The
customer surplus is C'S® = (v, —my;,)AB. The retailer attains no profit, 115, =0, while the distributor’s
profit is

05 (2,0) = (my, + 2 —w)A\0B +~CS%.

This strategy can always be sustained in equilibrium.
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(SR) Target both informed and uninformed customers with product returns. The customer price is p>% =
my, +x and the refund is 757 =r,(m;) = max (0, mp, — iln (%ﬂ)) The equilibrium retailer
price is ¢ =my + x, and the retailer refund is 2% =r,(my). The consumer surplus is CS% =
(v, —mp)AB— (my, — 7o (mp,))A(1—0)(1—B), the retailer attains no profit, IR =0, and the distributor’s

profit is
055 (2,0) = (my + 2 —w)AB+ (my, + . —ro(my) —w+y)A(1 = B)(1 —0) +yCS~.
This strategy can always be sustained in equilibrium.

Proof. First, we analyze the retailer’s pricing problem and show that the optimal nominal price to
consumers and refund are such that (p*,r*) € {(m; + ,0), (m; + z,r,(my)), (my + x,0)(my, + z,74(my))}-
Note that the expected fraction of customers who purchase the product is B(p,r,0) = (ALy—s<m,; + (1 —
MNlgow<my) (95+ (1- G)Jl{TZru(piz)}). Since all indicator functions are decreasing in p (cf. Equation 7),
it follows that, for a given r, the optimal retailer’s price p* is such that p* € {m; +x,m;, + z,p.(r) + =}.

Then, if p* =m,; + x the retailer’s profit function is

g (my+z,r)=(m+z—c) (96 +(1- e)l{rzra(ml)}) —(r—=2)(1-0)(1- B)H{TZTQ(mL)}'

The profit function above is constant for r < r,(m;), has an increasing or decreasing step at r =r,(m;), and
is linear decreasing for r > r,(m;). Therefore, r* € {0,r,(m;)} when p* =m; + x.

Similarly, if p* =m,, + = the retailer’s profit function is
g (my, +x,7) = (my +2—c)A (96 +(1- a)l{rzm(mh)}) —(r=2)A1-0)(1- ﬂ)]l{TZm(mh)}.

As before, the profit function above is constant for r < r,(my), has an increasing or decreasing step at
r=r,(my), and is linear decreasing for r > r,(m;). Therefore, r* € {0,7,(ms)} when p* =m,, + z.

Conversely, if p* = p,(r) + z the retailer’s profit function is

i (pa(r) +2.7) = (pa (1) +2 =€) (AL, 1y} + (L= V1 (2} ) (08 +(1=0))
—(r=2) (M ey + L= N1, ) (1= 01— B).

The profit function above is zero if p,(r) > my, since customers cannot afford the product. When p,, () <my
or m; < p,(r) <my, (equivalently when r <r,(m;) or r,(m;) <r <r,(my)) the profit function is increasing
in 7. To show this, first note that when r <r,(m;) we have

Ol (po (1) + ,7)
or

=p,(r) (08 +(1-0)) - (1-0)(1-p)= W

where the second equality comes from the fact that p, =r_!. Then, from Equation 7, for any p € [0, v, + ],

- (1=0)(1-5),

we have that

, B 8 0B+ (1-0)
T R (R e R R s p o &

The first inequality comes from noting that r/,(p), given in Equation 7, is increasing in p for p € [0, v, + ] and

that 7/ (v, + ) =1+ %. The analysis for the case when r,(m;) <r <r,(m;) is analogous. It follows that
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Mg (Pa(r)+z,r)

o= >0 when r <r,(my) or ro(m;) <r <r,(my), thus r* € {r,(m;),r.(ms)} when p* =p,(r) +z,

hence p* € {m; +x,m; +x} in this case as well.

Hence, we conclude that (p*,r*) € {(m; 4+ x,0), (m; +z,7,(m;)), (my, + 2,0), (my, + z,7,(my)) }, fully char-
acterizing the equilibrium behavior of the retailer. With the retailer’s equilibrium behavior in hand, we now
characterize the distributor’s equilibrium pricing and refund strategies.

Strategy (5): First assume that the distributor is interested in inducing the retailer to target informed
consumers with high valuation and high ATP, i.e. set p* =m;, + 2 and r* =0. In this case, the distributor’s

problem can be written as

max (¢ —w)A0B + (v, —my) A0S

c,z>0

st. (mp+x—c)ANB> (my+x—c)6p (ICs4

)
mp+x—c)ANB>(my+xz—c)(08+(1—0)) — (ro(m) —2)(1—-0)(1-75) (ICsag)
mp+x—c)ANB>(my+x—c)AOB+(1—-0)) — (ro(my) —2)(1—=0)A(1—75) (ICssr)

> 0. (IRs)

The (ICs4), (ICsar), (ICssr) constraints above imply that the retailer sets p* = m;, + = and r* = 0.
Moreover, note that (ICgag) is redundant since it is implied by (ICs4) and (ICgsr) combined. Indeed,
(ICssr) implies (IC44r), the latter combined with (ICg4) implies (ICgar)-

The objective function is increasing in ¢ and independent of z, with an upper bound ¢ <my + x given by
the (IRg) constraint (note that the (ICs4) and (ICssg) are trivially satisfied for any m; < m,;). Hence, in
particular ¢* =m;, +x and z* =0, and strategy (S) can always be induced by the distributor.

Strategy (SR): Now assume that the distributor is interested in inducing the retailer to target all informed
and uninformed consumers with high ATP, i.e. set p* = m;, +x and r* = r,(m;,). In this case, the distributor’s

problem can be written as

max (¢ —w)A (05 +(1—=0)) = (z =y) A1 = 0)(1 = B) +7((vn —ma)B = (mp = ra(ma))A(1 = 0)(1 - 5))

st (mn+ 2 — ) A (OB + (1 — ) — (ra(mn) — 2)A(L — 0)(1 — B) > (my +z — c)8f (ICsna)
(my+z—c)A(0B+(1-0)) — (ra(ms) —2)A1-0)(1-5) =
(mi+x—c) 08+ (1—-0))— (ra(m) —2)(1 - 6)(1 - 5) (ICsrar)
(mi+2 = )M (O8+ (1= 6)) = (ralms) = )AL = 0)(1 = B) = (mp +x — ) A0 (ICsns)
(mr+z—c) A8+ (1-0)) — (ra(ms) —2)AN(1—0)(1 - 5) > 0. (IRsg)

The (ICsgra), (ICsrar), (ICsgrs) constraints above imply that the retailer sets p* = my, + 2 and r* =r,(m;,).

Note that the objective is increasing in ¢ and decreasing in z, leading to ¢* =m,, + z and z* =r,(my),
i.e., the constraints (ICsrs) and (IRgr) are tight. Note that constraint (ICsga) is trivially satisfied for any
m; < my,, while constraint (ICsrar) becomes redundant in this solution since it is implied by the combi-
nation of (ICsgra), and (ICsgrs) being tight. Specifically, since (ICsgs) is tight it is equivalent to (ICssr),
while (ICgra) is equivalent to (ICs4) and (ICsrar) is equivalent to (ICsar). Thus, since (ICggr) implies
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(ICaar), and the latter combined with (ICs4) imply (ICsar) we conclude that (ICsrar) is guaranteed to
be satisfied in this solution. Thus, strategy (SR) can always be induced by the distributor.

Strategy (AR): Assume that the distributor is interested in inducing the retailer to target all informed
and uninformed consumers, i.e. set p* =m, + « and r* =r,(m;). In this case, the distributor’s problem can

be written as

gﬂax (c=w)(08+(1=0)) = (z=y)(A=0)(1 = B) +y((vn —mu)B — (my —ra(mi)) (1= 0)(1 = 5))
t. (mi+a—¢) (08 + (1 —-0)) = (ra(mi) — 2)(1 = 0)(1 = B) = (my +x — ¢)08 (ICara)
(mi+z—c) (08 +(1-0)) = (ra(m) —2)(1 = 0)(1 = B) > (my +x - c)A0B (ICars)
(mi+z—c) 08+ (1—=0)) = (ra(m) —2)(1-0)(1 - 5) =
(mn+2 =) MO+ (1=0)) = (ra(ms) = 2)A1 = 0)(1 - 5) (ICarsr)
(mi+2—c)(08+(1—-0)) = (ra(mi) —2)(1-0)(1- ) = 0. (IRar)

The (ICaga), (ICars), (ICarsr) constraints above imply that the retailer sets p* =m; +x and r* =r,(m,).
Moreover, note that (IC4gs) is redundant, implied by (ICaga) and (ICagrsr) combined. Indeed, (ICara)
implies (/Csgrs), the latter combined with (ICagsgr) implies (ICags).

Let OAF = X/ (1= X)((mn —my) B — (my—7ra(my) — (my, —ra(mh)))(l —0)(1—p))". Note that the objective is

increasing in ¢ and decreasing in z, leading to ¢* =m, +x — =&~ " W(z —z4%) and z* = max(0, z4%),
AAR
where z4% =r,(m;) — (1(2%, i.e., the constraints (ICapa) and one of (IRag) or (IC4rsr) are tight when

24" >0, or the constraint (ICx,4) is redundant and one of (IRsg) or (ICagsr) is tight when z4% <0, as

long as

O™ < (mu+a)B + (my +x —ra(m)) (1 - 0)(1 = B), (23)

that is, as long as ¢* > 0. Alternatively, if Equation 23 is not satisfied then the problem is infeasible, i.e.,
strategy (AR) cannot be induced by the distributor.
Strategy (A): Finally, assume that the distributor is interested in inducing the retailer to target all informed

consumers, i.e. set p* =m; +x and r* =0. In this case, the distributor’s problem can be written as

max (c—w)8B + (v, —my)0pB

(mi+z—c)0B > (mi+x—c) (08 +(1—-0)) — (ra(mi) — 2)(1 - 0)(1 - 5) (ICaar)
(mi+2 — )08 > (my, +2 — ) B (ICxs)
(mi+z—c)0B = (my, +x—c)A(OB+ (1 —0)) — (ra(mn) — 2)AM1 = 0)(1 - ) (ICasr)
(my+z—c)03>0 (IR4)

The (IC4sr), (IC4s), (IC44r) constraints above imply that the retailer sets p* =m; +z and r* =0.
Assume first that 08 < A8+ (1 — 6)). Let OAl = 2% (my, — my). The objective is increasing in ¢ and
independent of z, with an upper bound ¢ <m; +x — =& glven by the (IR4) and (IC4s) constraints as long

as

(24)

0 <t 0301 9, 9 22— L) 03+ (01-0))1,

AOB+(1-0))—0p



Calmon et al.: Operational Strategies for Distributing Durable Goods in the Base of the Pyramid
Article submitted to Manufacturing € Service Operations Management; 53

AAL
i.e., as long as constraints (ICa4r) and (IC4sg) are satisfied. Hence, in particular ¢* =m; +z — S5 and

0B
z* =0, leading to strategy (A) in the statement of the proposition. Alternatively, if Equation 24 is not
satisfied then the problem is infeasible, i.e., strategy (A) cannot be induced by the distributor when 63 <
A0+ (1-0)).

Now assume that 5 > A(08 + (1 —0)). Let

On? Zmax{l)\eﬁ)\(mh —mz)7)\6’ﬁra(mh)(1 =)= 5) = (mn —m) 05+ (1~ 6)) } .

MO8+ (1-0)) -0

The objective is increasing in ¢ and independent of z, with an upper bound ¢ <m; +x — 9—; given by the

(IR4), (IC4s), and (IC,sr) constraints as long as

O <ro(m)0B(1 - B), (25)

AA2
i.e., as long as constraint (IC44z) is satisfied. Hence, in particular ¢* =m,, +x — Oe—fg and z* = 0. Alternatively,
if Equation 25 is not satisfied then the problem is infeasible, i.e., strategy (A) cannot be induced by the

distributor when 68 > A(05+ (1 —6)). O
C.1. Proof of Proposition 4

Proof. We first show that the distributor’s objective function is increasing in . Note that

ons
Ox

OIIAR oIIS, OISR

O =p+(1-6)(1-p5)>0, o =\08>0, and B

=6p>0,

=AML+ (1 -0)(1-p))>0.

OIT*
Hence, -2 > 0.

In contrast, the distributor’s objective function is not always increasing in 6. To prove this, we show that

SR AR
oIS g
96 96 =

Equation 5 in the statement of the proposition is equivalent to <0, and it implies IT%, < TIZE,
o114

and 59

<0 or IT} <TI4E. Hence, Equation 5 implies % <0.

SR
agg < 0. Note that,

First, we show that Equation 5 is equivalent to

aH%R B 1-5 1 ,ﬁe*a(vh*mh)
50 =—(1—7)A = ln( - )Jr)\(lﬂ)(wyx).
Then,
OIIgE 1 1— Be—o(vn—mn)
< )= —w>
50 <0<=y+(1 7)aln( - +z—w>0

itz —w— () — ) — A(m = ra(ma) 2 0.
Second, we now show that Equation 5 implies IT%, < TIZ%. Indeed, from Proposition C.1 it follows that
I3 <TI3° <= my + 2 —w— (1= B)(ra(mn) —y) +7(B(vn —mn) — (1= B)(mn —ra(mn))) >0,
or equivalently

1-p 1-5 T
By noting that (yv, + (1 —7)my, + 2 —w) > 0 we conclude that Equation 5 implies IT7, <TI3F.

s . 1 1— ﬂe*a(vh*mh) Jé]
Iy, <1} <:>y+(1—'y)aln —— | tr—uw+—Cr,+ 1 —y)my+2xr—w) >0
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Third, we show that Equation 5 also implies ar;%R < 0. Note that,
OHIIAR 1-8 1— ﬁe*a(”h*ml)
e )= -y-a

o0 1-5
A
*m(mz*Ta(ml)*(mhfra(mh)))(lfﬁ),
Then,
AR — Be—a(vn—my)
Ton <0 =y (=) i (S Y 2 ) () 20

Since m — r,(m) is decreasing in m, then Equation 5 also implies
A
Fourth, we show that Equation 5 implies angP <0 or 114 <II4E. On the one hand, from Proposition C.1
it follows that

Iy <Tp" <= my+z—w— (1= B)(ra(mi) —y) +v(Bon —mu) = (1= B)(mi —ra(m)))

- %(ﬂ(mh —my) — (1= B)(my —ra(mi) — (my —14(my)))) >0,

DR
- <o.

or equivalently

A AR 1 1 — Be—avn=m) A
HDSHD <:>y+(]._’y)aln T +x— 'ZU—’—m(ml—T'a(ml)—(mh—Ta(mh)))
SR O 2 1) >0
1—5 YUn my r—w 1_>\mh my -~ U.
On the other hand, Lemma C.1 below implies
o114 A
80D = (’yvh + (1 — ’y)ml +x— )6 — %(mh — ml)
Hence, we conclude that if Equation 5 holds, then 114 > IT4% implies 8— <0, i.e., 14 <TI4% or HD <0
must hold.
Thus, we have shown Equation 5 is equivalent to QHBZDR <0, and it implies I3 < TIgfF, 01'ID <0, and
% <0 or I3 <TI4%. Hence, Equation 5 implies BC?L* <0.
F HD _ RS 21y, o2mglE .
inally, 5522 = >0, 552- =—(1-0) <0, 5552 =A\3>0, and —;2- = —A(1 — 3) <0. This concludes
the proof. O

Lemma C.1 Under Assumption 2, if 08 > X0+ (1 —0)) then
A957“01(%)(1 —0) (A= p) = (myp —m)(08+ (1 —0)) _ A0B(ms — )
MO8+ (1-6))—05 - 1—-A '
Thus, by its definition in Proposition C.1 it follows that under Assumption 2 we have OAj; =

AOB(mp —my)
1—X :

Proof. The assumptions in the lemma imply r,(m,)(1 — 8)(1 — A) > (my — Bon)(1 = A) > (my, —my),

since the first inequality follows from r,(m;,) being increasing in « > 0 and taking the limit as o« — 0, and

m;—Buy

e iy when my;, > Buy,.

the second inequality is equivalent to the assumption A <
This inequality implies the result in the lemma. Indeed,
ro(mp)(1=0)(1—=8)— (my —my)(08+(1-0)) < A0B(my, —my)
MO+ (1-6))—06p - 1—X
= (ra(mn)(1=0)(1 = B) = (myp —ma) (08 + (1 - 0)))(1 = A) = (my, —my) (M08 + (1-0)) —05)
= ro(my)(1—0)(1—=8)1—=X) > (my —my)(1—0)

= ra(mn)(1=B)(1=A) = (my —m),

A0

where the first equivalence follows from the assumption 85 > A(65 + (1 — 6)), completing the proof. [
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C.2. Proof of Theorem 2

Proof. Let (z*,0*) be the optimal solution of the distributor’s allocation problem with heterogeneous
ATPs. We analyze strategies A, AR, S, and SR from Proposition C.1 separately.
FS and MS: Assume first that [T, (z*,0%) =113 (z*, 0%).
Since agT% =03 >0 and ag—:D =Ayvp+ (1 —y)m+2 —w)B >0 then from Assumption 1 it follows that

the optimal solution to the resource allocation problem exhausts the budget, i.e., ¢q(6* — 6) + A\0*Bax* = b,

_ b=co(6—=69)

g By replacing x*(6) in the resource allocation problem, it simplifies to the

or equivalently z* ()
following one-variable optimization problem

max II3(0) = (yvn + (1 —y)my — w)AIB +b — co(6 — o)
b— Cy (9 — 00) (26)

st.  0€][b,1], VI €[0,v, —my].
Let 6 be the optimal solution of problem (26), and z° = %55[;90). The objective function of problem
(26), 113 (), is linear. Moreover,
dIrs (6
0) (1=~ w)AE . (27)

Hence, #° must be equal to one of its upper or lower bound, i.e.,

s (b= MoB(vp —m )" b
0 6{00+ C9+)\,B('Uh_mh) , 11 1,00+CG ’

and thus

25 e {min <Uh oy, )\eboﬂ> 7 (b_CG():\lB_ 00))*" } |

Namely, when following strategy .S in Proposition C.1 the distributor either invests the budget in increasing
the consumers’ maximum ability to pay first, and then the consumer education level only if there is budget
available (strategy F'S), or invests the budget in increasing the consumer education level first, and then the

consumers’ maximum ability to pay only if there is budget available (strategy M.S). Specifically,

07t LD i (0.
and
I7° = (A/Uh + (1 —~)my, + min (vh — My, )\Gboﬁ> — w) (90 + (bc_e i‘_ef\g((:’; ::nnz)))+> AB.
Similarly, )
HMS — min <1,90 n CZ) | gMS ((’—00(;6—90)),
and

b
Y5 = (yup, + (1 —y)my, — w) min <1,90 + c) AB+ (b—co(1—6p))7".
0
FSR and MSR: Assume now that IT; (z*,0%) =137 (z*,67).

al;%R =XB+(1—-6)(1-7p)) >0, then from Assumption 1 it follows that the optimal sub-

Since

sidy must either be equal to its upper bound or the budget constraint must be tight, i.e., z*(0) =
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_ b—cg(0—00)
M XGEF-0)(1-8)

following one-variable optimization problem

i TI54(0) = (o, + (1~ )my, —w)AS -+ min (v, —my)AQS + (L~ 0)(1— 5)).b— co(60 — 6))
_ — Be—(vh—mp)
+(1a71n<1 b )(wy)))\(lﬂ)(lﬁ) (28)

min (vh ) By replacing x*(#) in the resource allocation problem, it simplifies to the

1-p

s.t. 0e [90,1], 09(9—90)§b
Let 6% be the optimal solution of problem (28) and z°% = z*(65%). Since the minimum of two linear
functions is concave, then the objective function of problem (28), IIZF (), is piece-wise linear concave with

at most two pieces. Moreover, note that

SR(g _ — Be—alvn—mp)
O (e (P ) —wen)aa-g)

—co = ((va = M) A1 =) — ‘39)l{ce<efoo>+(uhfmh>x<5+<1—o><1—ﬁ>>gb}- (29)

GSR

Hence, we conclude that either is equal to its upper bound, i.e., % = min (1, 0o + i), or alternatively

65% must be equal to one of its lower bound or the kink between the linear pieces of IT3E(6), i.e., 058 €

6 b+cgbp—A(vy, —m)
07 cg—(vp—m)A(1=p)

the budget in increasing the consumer education level first, and then the consumers’ maximum ability to

}. Namely, when following strategy SR in Proposition C.1 the distributor either invests

pay only if there is budget available (strategy MSR), or invests the budget in increasing the consumers’
maximum ability to pay first, and then in increasing the consumer education level only if it is beneficial and
there is budget available (strategy F'SR). Specifically,
b b—co(1—0p))"
OMSR _ iin 1,0+ — ), TMSR _ ( col 0)) 7
Co )\5

and
ISR = (qu, + (1= 3)mn —w)AB + (b— co(1 — 00))+

+ (1;7111(1—6@1—&(;—%)) _(w_y)) (1B (1_9°_Cl;>+~ (30)

in closed form there are two possible cases depending on whether I1%7(#) has a

In order to write 9F5F

kink in the feasible interval of problem (28), [90, min <17 0o + é)] We analyze these cases next.
First assume ¢y < (v, —my;)A(1 — B), then from Assumption 1 it follows that 1137 (6) does not have a kink

in the feasible interval of problem (28). Specifically, if ¢y < (v, —m)A(1 —5) then % >1, and

if ¢g = (v, — mp)A(1 — B) then b—ce(0 — 0o) < (v, — mp)A(B+ (1 —0)(1 — B)) for all . Namely, at 6 = 6,
there is no leftover budget after investing in = and 679% = 6§, in this sub-case.
Now assume ¢y > (v, —my,)A(1— ), then from Assumption 1 it follows that I177 () has a kink in the feasible

interval of problem (28) if and only if % > B, or equivalently (v, —m, )A(B+(1—00)(1—8)) <

b. Moreover, from Equation 29 it follows that the kink will attain an objective value at least as large as the

solution 6 =@, if and only if y < y5 ¥, where

1
st =w—(1-9)-In

< 1 — ﬂefa(vhfmh)

) )
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0 ifzx<0

Th
Logfg>o0. oW

To simplify the notation, we define the function —+ = {

(b— (v, —mp)A(B+ (1 —00)(1 — 6)))+

OF 5 =g, + s ]l{ < SR},mFSRZIHiD<Uh—mh7 b )’
(co — (vn —ma)A(1 - B)) AB+(1—6)(1-5))

and
HgSR = (’yvh + (1 — 'y)mh — UJ) )\ﬁ +min((vh - mh)A(ﬁ + (1 - 90)(1 - B))7 b)

+ (1;7111 (1—661j(;hmh)> _(w_y)) (1=B)A(1—16,)

1— 1 — Be—a(wh—mp) + b— (v, —mp) B+ (1—00)(1— *
(om0 (A2 ) -t (1 g = = mA G+ =01 -5)"
a - B (co — (vn, —mp)A(1 = B))
(31)
FA and M A: Assume now that IT}, (z*,0%) = T4 (x*,6%).
Since % =60 >0 then from Assumption 1 it follows that the optimal subsidy must either be equal to
its upper bound or the budget constraint must be tight, i.e., 2*(f) = min (vh —my, W) By replacing
2*(#) in the resource allocation problem, it simplifies to the following one-variable optimization problem
A0S

max I15(0) = (yon + (1 —~)my —w)0B 4+ min((v, —my)08,b—co(6 — b)) — m(mh —my) (32)

st.  0€][0,1], cp(0—06p) <D,
where O4 = 298 (my, —my) follows from Assumption 2 and Lemma C.1.
Let 6 be the optimal solution of problem (32), and z* = z*(#*). Since the minimum of two linear functions
is concave, then the objective function of problem (32), II4 (), is piece-wise linear concave with at most two

pieces. Moreover, note that

dl4 (60 A
B0 _ (- (1 )y~ w)8 = (=m0 + o) a0ty — T (e =m0 (39

Hence, we conclude that either 6 is equal to its upper bound, i.e., 8 = min (1, 0o + i), or alternatively
6 must be equal to one of its lower bound or the kink between the linear pieces of IT4(6), i.e., 6% €
{00 ot )

Namely, when following strategy A in Proposition C.1 the distributor either invests the budget in increasing
the consumer education level first, and then the consumers’ maximum ability to pay only if there is budget
available (strategy M A), or invests the budget in increasing the consumers’ maximum ability to pay first,
and then in increasing the consumer education level only if it is beneficial and there is budget available
(strategy F'A). Specifically,

OMA — min <1’90 + b) , pMA = (b—co(1—69))" :
Co B

and

A

YA = (’Yvh + (1 =~)m—w— ﬁ(mh —mz)> min (1,90 + Cb> B+ (b—ca(1—00))".
— 9

In order to write 674 in closed form there are two possible cases depending on whether 11 (6) has a kink

in the feasible interval of problem (32), [Ho,min <1,00 + é)} From Assumption 1, IT,,(6) has a kink in the

b+cpbo

feasible interval of problem (32) if and only if —<e"t—~2

> 6, or equivalently (v, —m)6y8 < b. Moreover,
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from Equation 33 it follows that the kink will attain an objective value at least as large as the solution 6 = 6,

if and only if w <w}' where

U}gl = Vp +'y(’Uh —ml) — m(mh — ml).
Then,
6F4 =0 —|—(b_90/6(vh_ml))+]l ¥4 =min (v, —m b
-0 09+(Uh_ml)5 {wﬁw‘g’}7 - h 17905 )
and
. b A b—0y8(v;, —my)) T

HgA = (’y’l}h + (1 — ’y)ml + min <’Uh —my, QOﬂ) —w — m(mh — ml)> <00 + ( o —f/g((v}; — mll))) ]]‘{wﬁw{;’}) B

FAR and M AR: Finally, assume that T}, (x*,0%) = IIA% (2%, 0%).

Since BgéR =0+4+(1-0)(1-p3) >0, then from Assumption 1 it follows that the optimal subsidy must either

b—co(8—60) )

be equal to its upper bound or the budget constraint must be tight, i.e., *(0) = min (vh — MU, S A

By replacing 2*(#) in the resource allocation problem, it simplifies to the following one-variable optimization

problem

max TI%(6) = (v, + (1 =)y — w)B+min (o, —mi) (5 + (1 - 0)(1— )b~ co(6 — b))

—%((mh—mz)ﬁ—(mz—Ta(mz)—(mh—ra(mh)))(l—@(l—ﬁ))
11 ' 1 — Be—olon—m) (34)
_fy — e h—my
(2 (A ) - w-n) -0 -0)
s.t. 0e [90,1], 89(9—00) Sb

Let 04F be the optimal solution of problem (34) and 4% = z*(*%). Since the minimum of two linear
functions is concave, then the objective function of problem (34), II$#(6), is piece-wise linear concave with

at most two pieces. Moreover, note that

MO (L (1_[36_&(%%)) ~(w-1))(1-5)

do 1-8
= Co = ((n =) (1= B) = €)1, (6t0) - (w—mi) (3+(1-0) 1-p)) <1}
A
—m(ml—ra(ml)—(mh—r,x(mh)))(l—ﬁ). (35)

Hence, we conclude that either 6° is equal to its upper bound, i.e., §° = min (1,90 + i), or alternatively
6* must be equal to one of its lower bound or the kink between the linear pieces of IIA%(0), i.e., 6° €
{00, :[:“_C‘&G}L‘)__—M}. Namely, when following strategy (b) in Proposition C.1 the distributor either invests
the budget in increasing the consumer education level first, and then the consumers’ maximum ability to
pay only if there is budget available (strategy M AR), or invests the budget in increasing the consumers’
maximum ability to pay first, and then in increasing the consumer education level only if it is beneficial and
there is budget available (strategy F'AR).

Specifically,

GMAR _ o0 <1790 4 b) | gMAR (b— Cg(lﬂ* 00))*" |

Co
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and
A = (o, + (1= y)m—w)B+ (b= co(1—060))*

A b\t
“1-x ((mh—mz)ﬁ— (my —7a(my) = (my —1a(my))) (1= B) (1—90— > ) (36)

Co
1—v 1— Bealvn=m) b\ "
—|—( " ln< 15 )—(w—y))(l—ﬁ)(l—ﬂo—ce) .

In order to write 674 in closed form there are two possible cases depending on whether T4%(6) has a

kink in the feasible interval of problem (34), [00, min <1, 0o + i)] We analyze these cases next.

First assume ¢y < (v, —my;)(1 — 3), then from Assumption 1 it follows that IT5%(6) does not have a kink
in the feasible interval of problem (34). Specifically, if ¢y < (v, —m;)(1 — ) then %m >1, and if
co = (v, —my)(1 — ) then b—cy(0 — ) < (v, —my)(B+ (1 —6)(1— B)) for all 8. Namely, at 8 = 6, there is
no leftover budget after investing in x and 874 =@, in this sub-case.

Now assume ¢, > (v, —my)(1— /), then from Assumption 1 it follows that II£(0) has a kink in the feasible
interval of problem (34) if and only i %m > 6, or equivalently (v, —m)(8+ (1 —60)(1—5)) <b.
Moreover, from Equation 35 it follows that the kink will attain an objective value at least as large as the

solution 6 = 6y if and only if y < y;'%, where

— Be—(vh—mi)
yitf=w—(1 —*y)éln (161_5) — (vn —my) — %(ml —ro(my) — (my —ra(mn))).
Then,
gran_g o (0= —m)(B+(1-0)(1-5)" SPAR _ in ( o b )
S P T T B0 (-5))
and

HEA% = (yu, + (1 —)my —w) B+ min ((v, —my)(B+ (1 —60)(1 = B)),b)

A
- m((mh —my) B — (mu —ra(my) + (my —ra(ma))) (1 —00)(1 - B))
11—~ 1 — Be~a(vn—m1)
1 —(w— 1-8)(1-6
(S (A (w-v)) (1-5)(1- )

1- 1— Be~alon=—m) A *
—l—(w—y_ a71n( Bl—ﬁ )—(vh—ml)—H(ml—ra(ml)—(mh—ra(mh)))>
(1= e = m)(B+ (1= 01— 8)

(co— (vn —m)(1—B))""
(37)
To conclude, note that the optimal objective value of the resource allocation problem is
9P = max(I155, TS, [IESR [IMSR [[FA [[MA [[FAR [IMAR)
|

C.3. Restricted Strategy Maps with Heterogeneous ATPs

In this section, we provide a generalization of Proposition B.2 that holds for heterogeneous ATPs. Propo-
sition C.2 below shows that the structure of the strategy map from Proposition B.2 is preserved when the
distributor constrains itself to using either only skimming or non-skimming strategies from Theorem 2. Fig-

ure 7 illustrates the motivating intuition for Proposition C.2 by depicting the “constrained” strategy maps
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1.0 | 1.0 -

0.8f 0.8f

0.6} 0.6f FA
3 3

OA4 I 0.4 -

0.2 [ 0.2 -

0 0 1
Am

(a) Strategy map constrained to strategies (b)  Strategy map constrained to strategies
FS.MS,FSR and MSR. FA,MA,FAR and MAR.

Figure 7 Strategy map for the Allocation Problem as a function of Am and o when the distributor is constrained
to either (a) skimming strategies or (b) strategies that target all customers. We assume v, = $10,
w=$6, 0 = 0.2, my =987, m; =$6, A=0.4, b=9$0.2, y =$3.25, §=0.5, ¢y =0.33, and v =0. The

horizontal axis sets the ATPs to m; + Am and my + Amy,.

that form the strategy map of Figure 5. Figure 7a depicts the strategy map when the distributor constrains

itself to “skimming” strategies F'S, M'S, FSR and M SR, while Figure 7b depicts the strategy map when

the distributor constrains itself to strategies that target all customers FA, M A, FAR and M AR.
Generalizations of Propositions B.3 and B.4 —which describe simpler settings where a smaller number of

strategies can be optimal- follow exactly the same logic, and are thus omitted for the sake of brevity.

Proposition C.2 Under Assumption 2, assume w < fv, + (1 —8)y and ¢y < (1 — )N w—y). Let F'S, M S,
FSR, and MSR be the investment strategies from Theorem 2. Then, there exist ATPs m*%, m™5%  and

7 MSR

m where w S mFS S ,,,n]MSR7 ~ M SR

m and functions agi(m), asz(m), and agz(m) such that for a given
customer risk aversion parameter « and base ATPs m;, my, m; < my,

o 1155 > max(TI¥ S TIESE TIMSE) 4f and only if m, <m*S and a > agz(my,)

o 115 > max(IIES TIESE TIMSE) 4f and only if m™S <m,, <mM5® and a > age(my,)

o T155% > max(IT5%, TI¥ S TIMSR) 4f and only iof my, <m™M5% and o <min(ag;(my,),ass(my))
)

o TIMSE > max(I1E%, TIM 5 TIE58) if and only if m™S <my, and ag1(my,) < a <aga(my), where agy(my,) <
agz2(my) if and only if my > m¥FS. Also, agi(my,) =0 for all mM5E <m,, and ag(my) = oo for all
mIMSR Smh-

Further, assume w < Bu, + (1 — B)y — A/ (1 = X) (mp —my) B8 — (my — ro(my) — (my, —ro(my,)))(1—B)) and
o <(1=0)(w—y)=X/A=X)1A—=08)(m;—ra(my) — (mn —ro(my))). Let FA, MA, FAR, and M AR be the
MAR

MAR FA <

investment strategies from Theorem 2. Then, there exist ATPs m¥™#, m , and m where w < m

,,,n]MAR7 ~ MAR

m , and functions as1(m), asa(m), and asz(m) such that for a given customer risk aversion
parameter o and base ATPs m;, m;, m; <my,,

o T1E4A > max(TT4A TIEAR TIMAR) if and only if m; <mF4 and o> a3(my)

o TTM4A > max(TTEA TIEAR TIMAR) 4f and only if mF4 <m; <mMAR and o> as0(my)
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EAR > max(ITEA, TIMA TIMAR) if and only if my <mMAE and o <min(aa, (my),asz(m;))

MMAR > max(TTEA, TIM A TTEAR) 4f and only if m¥4 <my and a,(my) < a <ao(my), where aq(my) <
as2(my) if and only if my > m 4. Also, aai(my) =0 for all m™4% < m; and as(m;) = oo for all

MMAR <y,

The proof of Proposition C.2 follows the same logic as the proof of Proposition B.2. Namely, we establish

the following properties:

Property 17: 1L > IT¥5 if and only if m;, <m*®, and TIEA > TIM4 if and only if m; <mf4;
Property 27: TI¥SE >TIE5% if and only if a > agi(my,), and TIY¥ AR > TIEAR if and only if o> a1 (my);
Property 3%: I} > IIM 5% if and only if a > ag2(my), and IIM4 > TIY AR if and only if o> aa2(my);

Property 47: 155 > TIE5E if and only if o > agz(my,), and [TEA > TIEAE if and only if a > aas(my);

Property 5: ag1(my,) < asz2(my,) if and only if my;, > m*5, aga(my,) = oo for all m;, > mM5% and

MSR MSR 5 MSR
’

ag1(my) =0 for all m, >m , where w <mf% <m m , and aa1(my) < aae(my) if and only

if m; > mP4, aqq(my) = oo for all m; > mMAE and as;(m;) =0 for all m; > mMAE where w < mf4 <

mMAR7 mMAR.

Note that the first five properties combined establish the following additional properties:

Property 6: when m < m®® then Y% < max(IT55% TIM9); and when m < mf4 then ITYAR <
max (TTEAR TIM4);

Property 7’: when m > m® then o > aga(my,) implies TIE5E <T1¥9: and when m > mf4 then a >
a2(my) implies TTEAR < TTMA;

Property 8: when m < m®S then a < agz(m,,) implies II55E > TIM5; and when m < mf4 then a <
as3(my) implies TTEAR > TTMA;

Property 9”: when m > m% then a < ag;(my,) implies ITE5F > TI¥9; and when m > m4 then o <

as1(my) implies TIEAR > M4,

Properties 1’-9’ above completely characterize the restricted strategy maps given in Proposition C.2. Namely,

MES > max(IMS TESE TIMSR) if and only if m < mf¥ and o > ags(my); and ITI54 >

max (IIY 4, TIEAR TIMAR) if and only if m <m®# and a > aa3(m;) (combine Properties 1’, 4, and 6);

MM > max(IE% TIESE TIMSE) if and only if m > mf® and a > agy(my,); and I1¥4 >

max (IT54, TIEAR TIMAR) if and only if m >m* and a > aaz(m;) (combine Properties 1’, 3’, and 7°);

OESE > max (5% TIMS TIYSF) if and only if o < min(asi(my),assz(my)); and IIEAR >

max(IT5A TIMA TIHAR) if and only if o <min(aq(my),ass(m;)) (combine Properties 2°, 4’, 8’ and 97);

MY SE > max (1T TIMS TTESE) if and only if m* <my, and ag;(m),) < a < aga(my,), where agy (my,) <

asz(my,) if and only if my, >m", ag;(m;) =0 for all m*5% <m,,, and ag(m;) = oo for all mM5E <

my; and TIMAE > max(TTEA, TIM A TIEAR) if and only if mP4 <m; and a;(my) < o < aax(m,), where
a1 (my) <aao(my) if and only if my > mf4) asy(my) =0 for all mMAE <m,, and a1 (m;) = co for all

mMAR <m; (combine Properties 1°, 2°, 3’, and 5).
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We now prove each property.

Proof of Property 1°. Recall the Linear Program in (26) for deciding between strategies M S and F'S. From

SO fw—ryv
Equation 27, we have that IT5% > TI¥° if and only if (yv, + (1 —7)my, —w)AB < ¢g. Thus, m*® = % =
G fw—, g
B 1-X c
T T a-E
Similarly, recall the optimization problem in (32). From the concavity of IT4 () it follows that it is sufficient
to check the derivative % at =1, i.e.,
A
oyA > «— A1) > 0.
de
We have
drig (1) AB
;9 = (yvn + (L =y)mu —w)B = o+ ((vn =) B+ o)L, (1 00)+ (0, —mpp<p} — T (M0~ 0)
A
= ('Yvh + (1 - ’Y)ml - w)ﬂ —Cg — - _ﬂ)\ (mh - ml)-

where the second equality follows from Assumption 1. Thus, I154 > TTI¥4 if and only if (yv), + (1 —)m; —

20 Lw—yw
w)B < o+ 25 (my, —my). Thus, m™™ = % + 25 (mh%'ffl) completing the proof of Property 1.
Proof of Property 2°. Recall the optimization problem in (28). From the concavity of IT$%(0) it follows
SR
that it is sufficient to check the derivative dnzi:(e) at =1, i.e.,
H%ISR Z HgSR — dHéZ(]‘) 2 0

We have

L (15€1j(;’”m’”) ~(1-8)(w-1)A

—co— (v —mp)AN1—B) — 09)1{cg(1—90)+(vh—mh))\ﬂ§b}
_ _ Be—alvp—mp)
—- -y P (1 )=o) -a

1-p

where the second equality follows from Assumption 1. Thus,

dH%R(l) 1 - 1 _ ﬂefa(vhfmh) Cy
—P2 2> = 1 <w—y— ——r,
9 - a 1-53 e S )
First assume that v <1, note that then the term 1;—7 In (%ﬂh_mh)) is monotonically decreasing in «
and has range [0, %”g”“h)] fo<w-—y— A(fjm < (lfﬂy)f(_”g*mh), then there exists &g; that satisfies
1_71 (1_ﬂe_aS1(Uh_mh,)) Co
- n =w—y— ———-.
s 1-5 /\(1 - 5)
Then, we define ag; (my,) as
00, ifw—y— A(fii@) <0 1
agl(mh) = dSla if ?1§ 1)1)6: Yy — )S(lcﬁﬁ) < ( —’Y)lﬁ_(;;h—m)
0, if A=A T 1_”5 Th <w—y—7/\(fﬂ5).

Since ¢y < (1 — B)M(w — y) by assumption, then ag;(my,) < co. The definition of agq(m,) when v > 1 is

analogous and is skipped for the sake of brevity.
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Similarly, recall the optimization problem in (34). From the concavity of II4%(6) it follows that it is
3

R
sufficient to check the derivative ddie(g) at =1, i.e.,

AR
[IMAR > TIEAR s Lga(l) > 0.

We have

MW (0 () )

= o= ((on —mu)(1 = 5) — 69)1{c9(1—90)+(vh—m,>55b}

A
—m(ml—Ta(mz)—(mh—ra(mh)))(l—ﬁ)
_ — Be—alvh—mq)
—— - o (A ) e )
A
—m(ml—ra(ml)—(mh—ra(mh)))(l—ﬁ)

where the second equality follows from Assumption 1. Thus,

dITAR(1) 1—~ 1 — Be—o(vn—mi)
——=2>0 <= 1 <
o = a 1-8 < gan(ma),
where gai(m) =w —y — %5 — 25(my — ra(my) — (my, — ro(my))). First assume that v < 1, note that
1—Be=*(wp—my)

then the term 1% ln( ) is monotonically decreasing in « and has range |0, % CIf

1-p8
0<ga1(my) < %ﬁ;_ml), then there exists é&v4; that satisfies

1—v 1— 56*54/41(%*7”1)
- In =5

) = ga1(m).

Qa1
Then, we define a;(m;) as

oo, lngl(ml)<0

aa1(my) =< ba1, ifoﬁgm(mz)ﬁw

0, if L=8lm) g,y (my).
Since ¢ < (1 =) (w—y) = A/(1=X)(1 = B)(my —ro(m;) — (my, — ro(my,))) by assumption, then gaq1(m;) >0
thus a1(m;) < co. The definition of a;(m;) when v > 1 is analogous and is skipped for the sake of brevity.
This establishes Property 2.
Proof of Property 8. To compare strategy M S and M SR, we directly compare their distributor’s value.
From the proof of Theorem 2:

Y57 (0, + (1 = y)ma — w)AB + (b= co(1 = 60))*

1— 1 — Be—a(wn—mn) b\ T
N T

and
b
Y* = (yv, + (1 —y)my, — w) min (1,90 + c) AB+ (b—co(1—0p))"
9

Thus, I1}¥5 > ITMSE if and only if

G+ =) =5 (10 b)+ > (F2n (15””’””) w=n) -5 (1-4 ")+.

Co o 1-7 Co
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Jr
If (1 — 09— i) =0, then the budget is sufficient to set § =1 and the profits of policy M and MR are
the same since all customers are informed and there are no returns. Thus we consider the case where

+
(1 — 0y — i) > (. In such case, the inequality above becomes

o+ = mma—wsz (S (R ) a- g

Rearranging the terms yields the relationship,
1— Be_a(vh_mh)

1_
IS > [IM5F s 71m<
(07

) < gs2(mu).

1-p
where gso(my) = w —y — (Yo, + (1 = y)my, — w) 5.
As in the proof of Property 2’, first assume that v <1, note that then the term 1;—"’ In (%ﬂwmh)) is
monotonically decreasing in « and has range [0, %] If 0 < gga(my) < %, then there

exists a dgo that satisfies

1—7 1— 66—&52(uh—mh)
——In (

5 >gs2(mh)~

Qs2
Then, we define ags(my,) as

0, lf gsg(mh) <0

asz(my) = Gg2, if 0< gga(my) < %
0, if % < gs2(my).

Since w < Bv, + (1 — B)y by assumption, then ggo(my) < (1 —7v)8(v, —my)/(1 = B) thus aga(my) > 0. As
before, the definition of ags(my,) when v > 1 is analogous and is skipped for the sake of brevity.
Similarly, to compare strategy M A and M AR, we directly compare their distributor’s value. From the

proof of Theorem 1:

T AR =(y0, + (1= 5)my —w) B+ (b—co(1 — 60))*

A

b +
1o <(m"‘ml)5‘(ml—%<mz>— (mn —ra(mi))) (1= B) (1—90— cg> )

_ _ Be—a(vh—my) b +
(A ) - wen) - (1m0 1)
and

b A b
M5 = G+ (=) = )i (1,004 2 ) 5 (0= L~ 00)* = 5 i (16 + 2 ) my = m)
6 - 0

Thus, ¥4 > TYAR(«, m,;) if and only if

— (et (1 =) — w)B (1—90—b)+>(1‘”1n(1‘56“(”’”m)) “w-p) -9 <1—90—b>+~

Co « 1-p Co
A b\ "
— 125 (=) = () = )1 ) (100 = )

+
If (1 — 0y — i) =0, then the budget is sufficient to set # =1 and the profits of policy M A and MAR
are the same since all customers are informed and there are no returns. Thus we consider the case where

+
(1 — 6y — i) > (. In such case, the inequality above becomes

2 (= m0) — (ra(mn) — () (L= B)) — (yom + (1 —7)mu —w)B

1—A
_ — Be—alvp—my)
> (S (R ) -




Calmon et al.: Operational Strategies for Distributing Durable Goods in the Base of the Pyramid
Article submitted to Manufacturing € Service Operations Management; 65

Rearranging the terms yields the relationship,

1 — Be—a(vn—m1)
1-p

1—
YA (a,m) > YA (a,m) <= T 1n <
a

) < gaz(mu).

where gas(m) =w—y+ ﬁ (m{b_—g” —(ro(my) — ra(ml))> —(yop+ (1 —~)m; — w)lf%.

As before, first assume that v < 1, note that then the term 1?7“’ In (%) is monotonically decreas-

ing in a and has range [07 %} 0< gas(my) < %, then there exists a &4 that satisfies

1—~ 1— 56*&;\2(%*7”1)
- In (

1-3 > = gaz(m).

Qa2
Then, we define aa2(m;) as
00, if gaz(m;) <0
anz(m) = Gz, if 0 < gas(my) < G=lplnzm)
0, if 7(17”?(};7”1” < gaz(my).
Since ¢p < (1= B)(w—y) = A/(1 = X)(1 = B)(my — ro(my) — (my —ro(my,))) by assumption, then gas(m;) <
(1=%)B(vy, —m;)/(1—B) thus as2(m;) > 0. As before, the definition of @ 42(m;) when v > 1 is analogous and
is skipped for the sake of brevity. This establishes Property 3’.
Proof of Property 4°. The proof of this property is analogous to the proof of Properties 2’ and 3’. We

aFS QFSR

denote the information level in strategy F'S and F'SR by and , respectively. We directly compare

the distributor’s value in F'S and F'SR. Hence,
15° > 115
= (yvn + (1 —=y)my, —w)05NB+b — co (67 — 0y) >
(Yor =+ (L =y)my — w)AB +min ((vy, —mp)A(B + (1= 075F)(1 = B)),b— co (075 — o))

(I’Yln <1 ﬂe*a(vh mh)> B (w_y)) (1—ﬁ))\(1—9FSR)
= (yon+ (1= 7)ms —w) 9”Aﬂ+b—ce(0” o) >
)

(Yo + (L= 7)my — w)FSEAB +b— ¢y (077 — 0p) — (b— co(075% — o) — (v, — mu)A(B+ (1 —075F) (1 §))) "
_ — Be—(vh—mnp)
(00 m () - )+ Gk (L) =) ) AL 67
= ((yon + (1 =y)my, —w)A\5 — cg)(QFS — GFSR)

+ (b= (on = mw)AB+ (1= 60)(1 = B)) = (co — (v = M) A(1 = B)) (8757 = 6)) " >

(- 22 (2 ) - =)+ (o + (1= = w)3) A1 =0

= (o + (1= )y — w)AS — ) (875 — 757)
(b= (0 = m)AB + (1= 00) (1= 8) = (b= (0= m)AB+ (1= 00) (1= B)) T sy L)) 2

_ — Be—(vh—mp)
(-0 () - w9+ (ot (=) = w)B ) L= 67
1—7 | 1— ﬁe*a(vh*mh)

a n( -5

—

) < ga(mn),
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where the first equivalence is by definition of IT5% and IT5%%, the second and third equivalences follow by
rearranging terms, the fourth equivalence follows from the definition of §75% and the last equivalence follows

by defining gg3(ms) as

1 OFS _ gFSR
gsalm) =5 (1= ) =) = (o4 (L= 2)mn =)+ (o + (1= ) = w035 = ) S )
-1 <y&,co>(vy,—mp )N (1-5)
0= (o =A@+ (L= 80)(1 = 9))) L D)
where y; =w— 1_—”’ In (W) — (vp, —my,). Similar to the previous two properties, assume first that

v<1,if 0< gg3(my) < w then there exists a dg3 that satisfies

1—7 1— 56*&53(%*"1)
- In <
1-5

Q53

> = gss(mn).

We then define ag3(m;,) as

00, if gs3(my) <0
asz(my) =< Ggs, if 0< gss(m) < %
0, if 7(1_7)§(_7Jg_mh) < gss(mp).
Again, the definition of ass(my) when v > 1 is analogous and is skipped for the sake of brevity.
Similarly, we denote the information level in strategy F'A and FAR by 074 and 6747, respectively. We
directly compare the distributor’s value in F'A and FFAR. Hence,

IT(6) = (ron + (1= 7)ms — )5+ min((0, — m0)05,b — co(6— 00)) 305 (my, )
IEA > 54 (o, my)
A FA . FA FA

— (’yvh +(1=y)m —w-— m(mh —ml)) 0" 4B +min((vy, —my)0 " 8,b—ce(0"* —0y)) >

(o + (1= 7)my —w) B+min ((v, —my)(B+ (1= B)(1—0547)),b— o (0747 — 6,))

- %((mh — 1) = (my — 7o (my) = (my, — o (my))) (1= B)(1 —6747))

_ — Be—(vn—m1)

(2 (A ) - we)) s - e
= <’yvh+(1—7) w—%(mh l)) 07 AB+b—co(07* —0) — (b—co(07* —0p) — (v, —my)0"4B) T

<70h+(1_7) w_lg\(mh—mz)) 0743 40— co (0747 — )

— (b= o074 — ) — (v —m)(B+ (1— 6747 (1 - 8)))
((mh —my) B — (my —7ra(my) — (my —ro(ma))) (1= 5)) (1 - HFAR)

T 1-A
(1 o (1—5i_j<;h mz>) —(w=y)+ (yon + (1 = 7)my _w)ﬁﬂ> (1-B)(1—6r4m)

+ =
— (('yvh—i— 11—+ w—A(mh—ml)>B—cg) (674 —grAR)

1-)\
b— (vn — )00 — (co + (vy —my) B) (074 — b)) "

(
+ (b= (vh—m) (B4 (1= 00) (1= B)) — (co — (va —my) (1 = B))(B7AF —6,))
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A
1 ((mn —m0) B — (my = 70 (1) = (M, — 70 (ma))) (1 = B)) (1 = 0747) >
1—v 1— ﬂe*a(vhfml) B FAR
(S () i+ ot (=m0 25 ) - g)a—074)
A
<(’Y’Uh+ 1— )ml w—l_)\(mh—ml)> B—CQ) (GFA—GFAR)

(b (vn —my)00B — (b— 0o B(vi — ml))+]l{wgwé4})+

(b= (o =) (B + (1= 00)(1 = B)) = (b= (o =) (B+ (1= 00)(1 = B)) T na sy Tgueog))
A

+ - ((mn —my) B — (my — 1o (my) — (my, — 70 (mp)))(1—B)) (1 —074%) >

<1 Ty (1 —5‘i_a(;hml>> — (w—y) + (yon + (1 = 7)my —w) 5) (1 B)(1— 67AR)

1-p
1— 1 — Be—a(vh—my)
— aryln( Bl—ﬁ )SQA?»(ml)v

where the first equivalence is by definition of I154 and IT5A%, the second and third equivalences follow

by rearranging terms, the fourth equivalence follows from the definition of 874 and 674% and the last
equivalence follows by defining gas(m;) as
gas(my) = 7 —y)(1=8) = (ywn + (1 —y)m —w)p
)\ QFA _ QFAR
(<7Uh+ 1* lwl_)\(mhml)>ﬁce> <1_9FAR>

1 A
w>w
—(b—00B(vi, — ml)+1{_071;-:i

1-1 <ybrco>(on—my)(1—
+ (b= (vn —m)(B+ (1 —60)(1— )" {Lf_Q;AR )a-5)}

A
1—A

n ((mh—mlw—(mz—m(mz)—<mh—ra<mh>>><1—ﬂ>>},

_Be—a(v my)
where wg' = v, + (v, —my) — 25 (my —my) and Yy =w—(1—~)L1n (%) — (v —my) — 25 (my —
ro(my) — (my, —ro(my,))). Similar to the previous two properties, assume first that v <1, if 0 < ga3(my) <
%, then there exists a & 43 that satisfies

1,71 1 ,56*54,43(%*”11)
Qs n( -5 > ~gaslm)

We then define a,3(m;) as

0, if gaz(m;) <0
aaz(my) =1 Gas, f0<gasz(m )<%
0 i < im).

Again, the definition of a 45(m;) when v > 1 is analogous and is skipped for the sake of brevity. This establishes
Property 4°.

Proof of Property 5°. We show the first sentence in the first statement in Property 5’. We first show that
as1(m?%) = aga(m*®). By definition m** satisfies (yvy, + (1 —v)m*® — w)AB = ¢y. Therefore,

Co

A1=p5)

Y =w—y— (yo, + (L —)m"®

932(m —w)%:w—y—
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We now show that ag;(my,) > asz(my,) if and only if m;, <m*® . Since (yv, + (1 —v)my, —w)AB > ¢y if
and only if m;, >m®®, then w—y — ﬁ > ggo(my,) if and only if m, >m%S hence agi(my) < ago(my,) if
and only if m, > m®".

We now prove the second sentence in the first statement in Property 5. Let m™°F =y, — %
Then, from the definition of ag;(m,) in Property 2’ we have that if m;, > m™5% then ag;(my) =0, i.e.,
strategy MSR dominates strategy FSR for all « > ag1(m;) = 0. Moreover, the first sentence in the first
statement in Property 5’ then implies m™%% > m% while ¢y < (1 — )M\ (w — y) implies m™5% < wv,. Further-

more, Property 1’ then also implies that strategy MSR dominates strategy FS for all a > ag;(m,) =0 and

my, > mFs.

_ Bupt(-By—w
(1-)8

that if m;, > m™5% then age(m),) = oo, i.e., strategy MSR dominates strategy MS for all a < agz(my,) = co.

Analogously, let mM9F =

U . Then, from the definition of ags(my;) in Property 3’ we have
Moreover, the first sentence in the first statement in Property 5’ implies m*Sf >mS while w < Buv, + (1 —
B)y implies mM5% <, establishing the first statement in Property 5.

Similarly, we now show the first sentence in the second statement in Property 5°. Namely, we first show

that as;(mf*) = asx(m*). By definition m** satisfies (yv), + (1 —v)m ™ —w)B = o + 75 (my, — m"*).
Therefore,
A my, —mi4 B
gaz(m™) =w—y+ ( Top o (retm) _”(mm”> ~ Ot (= m™ —w) 3
A Co
=w-—y— T—x (mFA — Ta(mFA) — (mp, — Ta(mh))) - m = 9A1(mFA)

We now show that a1 (m;) > a2(my) if and only if m < m*4 . Since (yv, + (1 —v)m; —w)B > cy+ %(mh _
my) if and only if m; > mf4, then gai(m;) > gao(my) if and only if m; > mF4, hence a1 (m;) < ao(my) if
and only if m; > m;.

To conclude, we now prove the second sentence in the second statement in Property 5. Let mMAF =
vy — % + 25 (1= B)(mMAR —r (mMAR) — (my, — 7o (my,))). Then, from the definition of a1 (m;)
in Property 2” we have that if m; > m™4® then a,;(m;) =0, i.e., strategy MAR dominates strategy FAR
for all a > asq1(m;) = 0. Moreover, the first sentence in the first statement in Property 5 then implies
mMAR > mEA while ¢y < (1—8)(w—y) =N/ (1=X)(1=8)(m; —ro(m;) — (my, —re(my))) implies mMAE < ,,.
Furthermore, Property 1’ then also implies that strategy MAR dominates strategy FA for all & > a1(m;) =0

and m; > m74.

By t+(1-Bly—w +L(mh—mz)ﬁ—(mz—Ta(mz)—(mh—m(mh)))(l—ﬁ)
X

(1-7)p - (1-1)8 . Then, from

Analogously, let mMAR = g,
the definition of aso(m;) in Property 3’ we have that if m; > m™4% then aaz(m;) = oo, ie.,
strategy MAR dominates strategy MA for all a < aaa(m;) = oco. Moreover, the first sentence in
the first statement in Property 5 implies mM4% > m#4 while w < Bv, + (1 — By — A/(1 —
A) ((my, —my) B — (my — 1o (my) — (my, —re(my)))(1 = B)) implies mMAE <, establishing Property 5.

Hence, we have shown Properties 1’ to 5°, completing the proof of Proposition C.2. O
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C.4. Proof of Corollary 2

Proof. To prove the corollary we build on Properties 1’-9’ from the proof of Proposition C.2, and show
the following additional properties at the end of this proof.
e Property 107 if ycp < (A/(1—=X))28(my —my) and I15° > 119 then 1155 > I154 if and only if m; <m*;

e Property 117: TIMAR > TIMSE if and only if a < apar(m).
Properties 1’-11’ prove the corollary. Namely,

o If veo < (N/(1—N))2B(my, —my) then

S FA S

if and only if m; < mf4S = min(m4, m?), m, <m and a > apg(m;, my,) = max(asz(my),assz(my))

(combine Properties 1’, 4, 5°, 6’ and 10);

MAR MAR 5 MAR
)

m )’ thmJ\JSR

MSR 7 MSR
’

o If my>m = max(m = max(m m ) and a < aprar(m;), then

MAR MS FSR MSR MA FAR FS
1_[D 2rna“x(l_[D 7HD 7HD aHD aHD aHD )7

(combine Properties 1’, 2’, 3’, 5, and 11°).
We now complete the proof of the corollary by proving Properties 10" and 11°.
Proof of Property 10. Let m® be the unique value of m, that satisfies

— (M —m 1 _(Cg—(’y’llh—f—(l—'y)mh_w)GFS_QFA
1—v "’1—)\( h z)<1+(1)\)(17)) 1-7)(1-N3 Tz

We analyze three exhaustive cases.

w — YU, A
m; =

(38)

First, assume b < Ay S(v, —my,) < 0pB(v, —my) then 675 = 075 =0, and after some algebra we conclude

that in this case

— A
MIES > [1FA < W=7 _ 1 =mS
> IIE" <—= m; < = +71_)\(mh my) +7(1—/\)(1—’y) m”,

concluding the proof of Property 10 in this case.

Second, if AoB(v, —my) < b < 09B(vy, —my) then 05 > 084 =0, and after some algebra we conclude

I3 > TI5% <= (o — (yvn + (1= )my, — w)AB)(cob +b)
< (eo= (om0 =mi == 25 =m0 ) ) oo + A5, ~ ). (39)

We show that if yc, < (A/(1—X))2B(my, —my) and T15% > TI3F(0) then the left hand side of (39) increases
strictly faster in m; than the right hand side in my,, m;. Indeed, after some algebra the latter statement

holds if and only if

A

(1- V)A(QOﬁ(Uh —my) —b) +‘90(1 - )‘) ((1_)\> B(my, —my) _700> +0o(co — (th +(1- ’Y)mh —w) >0,

where the first term is strictly positive in this case, and the second and third term are positive by assumption

(the third term being positive is equivalent to IT5% > TI27(6)). Hence, (38) follows directly from (39).
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Finally, if )\Goﬂ(vh — mh) S 906(?];1 - ml) Z b then HFS Z QFA > 90 then
05 >TE <= (co — (yvn + (1 —y)mpy —w)AB)(co + Blvn, —my))

< <C@ - ('yvh +(1=y)m—w— ﬁ(mh - ml)> ﬁ) (co + AB(vy, —my)). (40)
After some algebra, it is not hard to see that the left hand side of (40) increases strictly faster in my,, my,
than the right hand side in my,, m; if and only if yey < (A/(1— X))?B(my, —m;), which holds by assumption.
Hence, (38) follows directly from (39) completing the proof of Property 10’.

Proof of Property 11°. We now show that TIMAR > TTM5® if and only if o < ayar(my). From equations

(30) and (36) we conclude, after some algebra, that

MAR MSR
TYAR > [TV

= (a=mm—ram) + 125 (02 15 ) o ratm) — = remn ) -9 (1-00- 2)
> 22 = (=) + 25 )+ (0= )1 5) <1—9o—Z)Y—(wﬁ(l—v)mz—w)ﬂ (41)

To simplify the notation, let lhs(41) and rhs(41) denote the left and right hand side of (41), respectively.
As before, first assume that v < 1, note that then lhs(41) is monotonically decreasing in « and has range
L(j, ((1 —7)B(vn, —my) + 25 ((1 -v)+ ﬁ) B(my, — ml)> (1 — 6o — :9)1 . If rhs(41) falls in this range then
there exists dyrar that satisfies (41) with equality. Then, we define ayar(m;) as
oo, iflhs(41)<0
arian(mi) = { onar 0 <Ths(d1) < (1780w —m) + 25 (=7 + 5 ) Bms —m0)) (1-60— )"
0, i (=B —m)+ 25 (1= + 5 ) Blm —m0)) (1= 06— L) <Ins(a1),
The definition of ayrar(m;) when v > 1 is analogous and is skipped for the sake of brevity. This completes

the proof of Property 11°, thus the proof of the corollary. [
C.5. Consumer Surplus Analysis with Heterogeneous ATPs
We start by extending Lemma B.1 to hold for heterogeneous ATPs.

Lemma C.2 Let§', i€ {FA MA FAR,MAR,FS,MS,FSR, MSR} be the education level of each strategy

from Theorem 2. Then, under Assumption 1,
HJ\JSzeA/ISRZeFSZeFSR’ GMAZGMARZHFAZGFAR. (42)

PMA — MS _ gMAR _ gMSR

Proof. From their definition, in the proof of Theorem 2, we have , where they

are equal to the natural upper bound on 6. Moreover, from Assumption 1 it follows that M5 = §MSE > gFs

and QAIA — HI\/IAR > 9FA

We now argue that 75 > 0FSE, If 0FSE = 0y then 0F° > 0F5E follows trivially from their definition, in
the proof of Theorem 2. If #5% > 6, then by definition again we must have cy > (v, — my)A(1 — 3) >0,
co(0F5E — 0g) + (v, — mp)A(OFSEB + (1 — 0F5E)) = b, and co(0F5 — 0p) + (v, — mp)075 A3 = b, hence we
conclude 6F5 > gFSE,

We now argue that 674 > 0FAE If 9FAR = g then 674 > §FAE follows trivially from their definition, in
the proof of Theorem 2. If §F4% > @, then by definition again we must have cg > (v, —m;)(1 — 3) > 0,
co(0FAR —00) + (v, —my) (OFARB 4+ (1 — 0FAR)) = b, and ¢y (054 — 0y) + (vy, —my )04 3 = b, hence we conclude

4 > 9F AR completing the proof. O
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C.6. Proof of Proposition 5
Proof. Recall, from Proposition C.1, that

Csi:(vh_ml)eiﬁa ZG{FAaMA}’
CS* = (vp, —mn)N'B, i€ {FS,MS},

and
_ 1- 1 — Be—a(vn—m1) _
CS" = (v, —my) B — 'Bln( ’Bi 5 )(1—9’)7 i€ {FAR,M AR},
a J—
. 1— 17 —a(vp—mp) .
O = (1 — my)Af — aﬁln( 661—6} h)x(191), ic {FSR,MSR).

We prove the proposition by showing the following results,
(i) CSMSE>max(CSMS CSFS CSFIR); and CSMAR > max(CSMA, CSFA CSFAR).

(11) CS]VJSR S CSMAR;

(i) CST < min(CSMS CSTSE CSMSR)y if and only if « > ags(ms); and COSF4 <
min(CSMA CSFAR CSMAR) if and only if o > a4(my);

(iv) If ITEA > 0 then C'SFS < CSTA.
Then, the first statement in the proposition follows from (i) and (#4). While the second statement in the
proposition follows from (4i7) and (iv) by taking a%s(my, m;) = max(ass(ms), aas(my)).

We first prove (i). We start by showing that CS9E > max (CSM%,CSFSE CSF5). In particular, since

OMSE > 9FSE from Lemma C.2 then CSMSE > C ST, Moreover,

CSMSR Z (’Uh — mh)/\QMSRﬁ = (’Uh — mh)/\QMSﬂ = CSMS Z (’Uh — mh)/\QFSB = CSFS,

17B57a(vh—mh)
1-5
a — 0. The second inequality follows since, from Lemma C.2, M5 = §MSE > 9FS  Hence, we conclude

CSMSE > max (CSFS, CSMS CSFSR),
Similarly, we now show that CSMAf > max (CSMA, CSFAR CSFA). In particular, since M 4E > §FAE from

Lemma C.2 then CSMAR > CSFAE Moreover,

where the first inequality follows since % ln( ) is decreasing in a > 0 and taking the limit

CSMAR Z (Uh — ml)QMARﬁ = (’Uh — ml)QMAﬂ = CSMA Z (Uh — ml)QFAﬂ = CSFA7

1736—o¢(vh—ml)
1-p
a — 0. The second inequality follows since, from Lemma C.2, §M4 = gMAR > 9F4 Hence, we conclude

CSMAR > max (CSFA,CSMA CSFAR) | completing the proof of (7).
We now show (i4), i.e., CSMSE < CSMAE Indeed, note that

_ _ Be—alvp—myp) _ Be—alvp—my)
A R g
43

where the first inequality follows from noticing that the right hand side is monotonically increasing in « and

where the first inequality follows since % ln( ) is decreasing in a > 0 and taking the limit

taking the limit as « — 0. Thus, we conclude that the first term in (43) is non-negative, which is equivalent

to the second inequality in the following chain of inequalities

(1= mu) = 152 (e ) (1 pan)

@m_mwg_%gm(kﬁ%ggﬂﬂ)u_ngy

A<1< (44)
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which completes the proof by noticing that (44) is equivalent to CSM5% < CSMAR,

We now prove (iii). We start by showing that there exists ag4(m;) such that
min (CSMS,CSTSR CSMSR) > CSTS if and only if a > age(my,). We have already shown CSMST > CSMS >
CS¥5. We now show that CSTS% > CST¥ if and only if o > ags(my,). In fact, we have

1— Be-o(on=mn)
1-5

(1-6")

1_
CSFSE > (0875 — aﬁln( ) < B(vy, —my)

_ _po—a(vy—my)
where the term % In (%

from Lemma C.2 we have 675 > 0FSE then 0 < (v, — mh)% < B(vy, — my,). Moreover, since 679 is

) is monotonically decreasing in « and has range [0, 5(v;, —my)]. Since

independent of & and 875 is non-decreasing in « it follows that there exists ag4(m;,) such that

1-8 (1&&(%%) (1—6Fs)

< « 2 as4(mh).

« 1-p
Hence, we conclude min (CSMS CSFSE CSMSE) > CSFS if and only if a > ags(my).
Similarly, we now show that there exists a,4(m;) such that min (CSM4, CSFAR CSMAR) > CSFA if and

only if & > aa4(m;). We have already shown CSMAE > CSMA > CSFA 'We now show that CSFAE > CSFA

)SMwmn

if and only if o> aa4(m;). In fact, we have

1 — Be~a(n—m1)
1-5

(1—-6"4)

1_
CSFAR > 0§FA —s aﬁ In ( ) < B(vp —my)

_ _Be—a(vp—my)
where the term 1=£In (M
[ 1-38

if 074 < HFAR we conclude CSFAR > C'SF4 and thus we set ags(my,) = 0. Alternatively, if 074 > §74R then

) is monotonically decreasing in « and has range [0, 3(v, — m,)]. Hence,

0<B(v, — ml)% < B(vy, —my). Moreover, since 874 is independent of o and 674% is non-decreasing

in « it follows that there exists a4(m;) such that

1— 1— e*a(vh,*"bl) 1— 9FA
aﬁln( Bl_ﬁ ><5(’l}h_ml)((1_9FA}3) e aZCLAAL(ml).
Hence, we conclude min (CSM9 CSFIE CSMSR) > CSFS if and only if a > aa4(my,), completing the proof
of (ii).

Finally, we conclude by proving (iv), i.e., that II54 > 0 implies CSFS < CSF4. Note that [TE4 > 0 implies

(v, —mu)(co +AB(vy, —my)) _ (v —my)0F4

A S o ) (o + Blon )

(45)

where the first inequality is equivalent to A < (v, — m;)/(v;, — my,), which holds for any A satisfying the
assumption A <m,;/m,;,. We now verify the second inequality holds in three exhaustive cases. First, if b <
Ao B(vy, — my,) < 0B8(vy, —my) then 675 = 4 = 0, and the second inequality holds since (cg + AB(vy —
my))/(co+ B(v, —my)) <1=0F4/6F5. Second, if \0oB(vy, —my) < b < 0pB(vy, —my) then 675 > 674 =6, and
the second inequality holds since (cp + AB(vi, —my))/(co + B(vn —my)) < Og(co + AB(vi —my))/(cobo +b) =
674 /075 | where the latter inequality follows from b < 6y 3(v), —m;). Third, if A0y SB(vy, —my) < 0B (v, —my) <b
then TI54 > 0 implies 675 > 674 > 6, and the second inequality becomes tight. To conclude, note that the

extremes of the chain of inequalities (45) are equivalent to CS™ < (CS¥4, completing the proof. [
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C.7. Free Refunds Analysis with Heterogeneous ATP
The problem formulation is the same, see Problem (19), and the analysis is analogous to the case with
homogeneous ATP in Section B.10. Namely, we first adapt Proposition C.1 to characterize the distributor’s

pricing strategy in this restricted setup, in the next proposition.

Proposition C.3 Consider any consumer education level 6 € [0,1), ATPs my;, my,, w <m; <my, <vy,, and

subsidy x € [0,v, —my,]. Then, the distributor’s optimal objective is
IT; (z,0) = max {T3™ (2,0), 115 (2,0)} (46)

Where 11, (x,0) i € {ARf,SRf} each correspond to the distributor’s profits in a non-dominated strategy.
Specifically, they are characterized by:

(ARf) Target all informed and uninformed customers with product returns. The customer price is p**f =m, +
AARFf

OR
(1-p)oB”
retailer refund is 2" =max(0, 2) and the retailer price is ¢

AR — . Let zARS Then, without loss of generality, the equilibrium

x and the refund is r =m;—

ARf _ op™ + (1-9)(1-8) (ZARf _

08 05+ (1-0)
ZAREY. The consumer surplus is CSAR = (v, —my,)f, the retailer’s profit is ™ = OAR | and the

m;+x —

distributor’s profit is
A% (2,0) = (my+ 2 —w) B+ (x —w+1y)(1 — B)(1—0) — OA" +4COSARS

where
Aﬂ(mh - mz)
1—-A ’

o —

Moreover, this strategy can be sustained in equilibrium if and only if

O™ <muf+a(B+(1-60)(1-5)).
(SRf) Target both informed and uninformed customers with product returns. The customer price is p>% =
my, +x and the refund is 5% =m,,. The equilibrium retailer price is ¢S =m,, +x, and the retailer

refund is 257 = m,,. The consumer surplus is CS°" = (v, — m,)\B, the retailer attains no profit,

37 =0, and the distributor’s profit is
5" (2,0) = (mn + 2 = w)AB+ (2 —w+y)A(1 = B)(1 = ) +~CS.
Moreover, this strategy can always be sustained in equilibrium.

Proposition C.3 is a special case of Proposition C.1 when « — oo. Therefore, we omit the proof.

C.8. Proof of Proposition 6
Proof. The proof of the first part of the proposition is the same as the proof of Theorem 2 for the special

case when « — co. Therefore, we only focus on the expressions that change. Specifically,

MSRf _ i b\ "
TS5 = (w4 (1 — ) — w)AB+ (b — co(1 — o)) (1B)(wy)x\(190> RNt

Co
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if x <
To simplify the notation, recall the function # = {O ifz<0 Then,

L ifx>0.

i
gFSRI — g, + (b — (vn = mp)A(B+ (1 —00)(1 — 5)))

]lvh*mhﬁw*y7
(cg—(vh—mh))\(l—ﬁ))++ ¢ ’
and
%% = (yu, + (1 —y)my, —w) AB +min ((v, —mu)NB+ (1 —00)(1—B3)),b)
I
—(w—y)(1=p)A (1 -0, w—y— (v, —mp)) " (1— )\(b_(vh_mh)A(ﬂ+(1_00)(1_ﬁ)))
(0=9) (1= A=) 0 = (on =) (1= PUE T
(48)
Similarly,
+ e
I = (ot (1= = w)i+ (0= oL~ 60) = (1= B)w =) (10— - ) = 22T,
(49)
(b= (vn =m)(B+(1=00) (1= 5))) "
0 ! :90+ 1 vp—mi<w—y}y
(co—(n—m)(1-p)*"" :
and
5 =+ (1= 7)my — w) B+ min (0, — m) (B + (1 60) (1= B)),b) — 227 T)

1-A
+
—(w—y) (1= 8)(1=00) + (w—y — (v —my))" (1= (b= (vn —m)(B+ (1 —600)(1—f))) '
(0=9)(1=8) (1~ 05) 0~y — (o =) (19 T

(50)

The proof of the second part in the Proposition follows directly from Propositions B.5 and C.3 O

Appendix D: Figure from Section 6
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(a) a=0.01 (b) =1.0
Distributor’s profits for different average ATP 1, and consumer education level §. We assume w = $1.0,

y=2%$0.7, n=9$0.95, 0 =$1.0, 0, =$0.5, Kk = —0.5, p; =0.1, pr, =0.9, =0, and v =0.

Figure 8



