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1. Introduction

This paper models and analyzes operations strategy challenges faced by Essmart, a social enter-
prise! that distributes new life-improving technologies® in India. Essmart developed a novel dis-
tribution model that uses small local “mom-and-pop” retail shops as points of sale, and also as
warranty providers and collectors of returned products. This business model leverages the fact
that, in India, 90% of the annual retail spending occurs through more than 14 million small local
retailers, see Kohli and Bhagwati (2011).

! For the purposes of this research, social enterprises are organizations that use market-based methods to address
social issues (Miller et al. (2012)).

2 Examples of life-improving technologies are clean cooking stoves, solar lamps, water purifiers, and motorcycle hel-
mets.
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Essmart’s strategy has 3 main components: (i) distribute, (ii) demonstrate and (iii) guarantee. To
distribute products, Essmart partners with local retail shops and offers expedited product delivery
to these retailers. Specifically, they give them a catalogue with all the products and a few sample
items. 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 from the retailer. This is
important since the cost of many of the products sold by Essmart is equivalent to 2-3 weeks of the
average salary in rural India. To demonstrate products Essmart representatives educate consumers
and the retailer at local shops. These demonstrations are significantly less labor-intensive than
door-to-door campaigns for example, but have a more limited reach. To guarantee the quality of
their products, Essmart offers consumers the return of products that they did not like, and also
services faulty products under warranty.

To achieve all three components of its strategy, Essmart has invested in facilities and employee
training that allows them to service manufacturer warranties and to have a significantly higher
salvage value for consumer returns (e.g. by using refurbished items in their demonstrations.) This
last aspect is particularly novel for life-improving technologies being sold to the Bottom of the
Pyramid (BOP)3. Given Essmart’s distribution strategy, the main objective of this paper is to
compare the effectiveness of providing better information to the consumer (demonstrate), versus

improving its reverse logistics channel and providing higher refunds for regret-returns (gquarantee).

1.1. Main contributions
Motivated by this set-up, we model and analyze a problem faced by a social enterprise that dis-
tributes new life-improving technologies in a developing market, and seeks profitability and the
adoption of these products. This distributor must induce (small) retailers to carry these new tech-
nologies. Retailers sell to risk averse consumers that have an uncertain product valuation. The
distributor considers a mix of two possible strategies: (i) improve the information accuracy pro-
vided to the consumers, and (i7) improve its reverse logistics channel which supports higher refunds
for consumers’ regret-returns. Our modeling framework captures this set-up and incorporates con-
sumer regret-returns, information control, and the value of growing a base of satisfied customers.
In particular, we study two models: a two types model, where consumers’ valuation is either “high
or low” (see Section 4), and a model where consumer valuation is continuously distributed (see
Section 5). The main insights we obtain from analyzing both models are:
e Distributor’s value for product adoptions makes reverse logistics more attractive.
Both models confirm that consumer education and reverse logistics to process regret-returns
3 The “Bottom of the Pyramid” (also known as the “Base of the Pyramid”) has been relabeled and redefined by

multiple authors. Despite the semantics, the shared concept of the global poor as a market for new technologies
remains constant.
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are strategic substitutes®. Moreover, a distributor that highly values product adoptions com-
pared to immediate profits (with the goal of expanding its customer base for example) is more
likely to prefer a strategy based on reverse logistics, rather than a strategy based on consumer
education. We find this insight to be robust to the two models we consider.

e Reverse logistics aligns the retailer’s and distributor’s incentives. Product distribu-
tion through small retailers is what makes the distributor’s strategy scalable. However, the
presence of a for-profit retailer in the supply chain can reduce product adoptions, negatively
impacting the distributor’s objective (which is a mix of profit and product adoptions). In
this context, both models show that reverse logistics is a more effective tool than consumer
education in aligning the retailer’s behavior with the distributor’s goal of increasing prod-
uct adoptions. This occurs because better reverse logistics supports a larger salvage value,
increasing the retailer’s profit for each unit sold, while better consumer education may actually
encourage the retailer to only target consumers with a high valuation.

e Consumers’ risk aversion can lead to market collapse. Another insight common to
both models is that, without intervention from the distributor, it may unprofitable for the
retailer to carry a product with relatively low margin if consumers are very risk averse, even
if the retailer faces no inventory risk. This insight is consistent with the observations made by
Essmart in India. It suggests that additional market interventions that reduce the risk faced

by the consumers may be required to support the “deliver-to-order” distribution strategy.

1.2. Background and Motivation

Since the early 2000s, there has been an increasing interest in new, innovative technologies for
low-income users in emerging markets around the world. Newly developed products like affordable
solar lanterns, non-electric water purifiers, and smoke-reducing cooking stoves have the potential
to address the unmet needs of millions of people (IEA (2015) and Purvis (2015)). Strong interest in
these technologies is demonstrated by the growth of academic programs in which students design
products for international development, and global initiatives like the Global Alliance for Clean
Cookstoves, which plans to distribute 100 million clean and efficient stoves by 2020.

The idea of designing technologies for use at the BOP is not new. After World War II, some
economists began considering a new form of technology to create non-agricultural jobs in rural areas
of newly independent countries, as discussed by Schumacher (1970). Today, the idea of “design
for the other 90%” is a growing movement that has inspired life-improving technologies like non-
electric baby infant warmers, bicycle-powered mobile phone chargers, and drip irrigation systems
for small-plot farmers, see Smith (2007).

4 Specifically, the marginal benefit of increasing the salvage value of a returned product decreases with an increase in

the information accuracy given to consumers (and vice-versa). See Bulow et al. (1985) for the original definition of
strategic substitutes



Calmon, Jue-Rajasingh, Romero, Stenson: Consumer Education and Regret Returns in a Social Enterprise
4 Working Paper - January 2017

There are hundreds of life-improving technologies that meet the critical needs of populations
around the world (for a sample see Essmart (2017)). However, there is a very distinctive prob-
lem with these life-improving technologies for development. No matter how well-designed or well-
intentioned they may be, there is no guarantee that they will reach the people for whom they are
made, as discussed in Polak (2008) and Polak (2010).

The challenges in profitably scaling the distribution of life-improving technologies in the BOP is
the main motivation for this paper. These challenges include low consumer awareness, affordability,
lack of availability, risk aversion, and lack of confidence in the performance of these products (for
the case of solar lanterns, see Brine et al. (2015)). Furthermore, although nonprofit organizations,
government programs, large multinational companies, and small social enterprises have attempted
to move these technologies out of the lab and into the land, no strategy has been completely
successful (Jue (2012)). In particular, nonprofit organizations that have traditionally distributed
technologies on a project-by-project basis are limited in funding and scale. Additionally, inappro-
priate design and lack of long-term maintenance and proper incentives have led to failures, such as
Play Pumps in Mozambique (Costello (2010)). Another well-utilized dissemination strategy con-
sists of increasing consumer awareness and access through massive door-to-door campaigns that
combine education and subsidized direct sales to consumers, see for example (Vidal (2013)). How-
ever, managing the operations of these massive campaigns is expensive and labor-intensive, and
scaling these operations is, in many cases, difficult.

The rest of this paper is structured as follows. In Section 2 we present a brief literature review.
In Section 3 we introduce our modeling framework. Section 4 will be dedicated to analyzing the
discrete version of this problem, while in Section 5 we analyze the case where both Essmart’s signal
and consumer valuations are continuous. Finally, in Section 6 we discuss our conclusions and future

research directions.

2. Literature Review
This paper draws from the literature on social entrepreneurship, reverse logistics, and the intersec-
tion of marketing and operations management. We position our paper with respect to this literature

below, and also present an overview of previous research on these topics.

2.1. Social Entrepreneurship and Development

Our model is applied to the context of social entrepreneurship, which is a form of entrepreneurship
that combines social and economic value creation, differentiating itself not only from traditional
entrepreneurship but also from charities and philanthropy (Miller et al. (2012)). 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.” Other
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researchers highlight social entrepreneurs’ extensive search of different types of funding sources
(Austin et al. (2006)), the cross-sector partnerships of commercial businesses that foray into the
realm of creating social value based on common interests with nonprofit organizations (Sagawa and
Segal (2000)), and the identification of an opportunity at forging a new, stable equilibrium from a
previously unjust equilibrium (Martin and Osberg (2007)).

Through our research, we can particularly address problems confronted by social enterprises
because of the contexts in which they are implemented. Social entrepreneurship emerges in con-
texts where goods and services are not being adequately provided by public agencies or private
markets (Dees (1994)), where market and government failures are perceived (McMullen (2011)),
and where there are institutional voids (Austin et al. (2006)). These markets have been described
as “challenging” (Mair and Marti (2006)), and consumers have been described as “underserved,
neglected, or highly disadvantaged” (Martin and Osberg (2007)).

Historically, traditional entrepreneurs have underestimated the financial returns of serving low-
income markets. They lacked awareness of consumer wants and needs, as well as the obstacles
that prevent their fulfillment (Webb et al. (2010)). Very often, entrepreneurs have assumed that
poor consumers would not or could not repay loans (Yunus (2007)), and would not pay for brand
name consumer products that are popular in wealthier areas (Prahalad (2006)). However, relatively
simple innovations like extending credit to groups as microfinance and selling single-serving-sized
goods have proven that there is indeed a market in low-income markets. The model that we present
is also an innovative strategy that further enables social enterprises to reach their markets with
new, durable, life-improving products.

Operations management problems in developing countries that target BOP suppliers and con-
sumers has been an area of increasing interest in the supply chain management community. Sodhi
and Tang (2016) present an overview of this literature, together with business cases and a discussion
of research opportunities. Also, Sodhi and Tang (2017) challenge the supply chain community to
develop models and frameworks for supply chains that seek to have social impact and be financially
sustainable. Our model is one answer to this challenge, since we consider a distributor that values

not only profits, but also the dissemination of life-improving products, leading to new insights.

2.2. Reverse Logistics and Marketing

One of the main features of our model, and of Essmart’s operations strategy, is the possibility for
consumers to return products. Thus, we build upon the literature on operations of reverse logistics
systems that support warranties and customer returns. An overview of this literature is presented in
Guide and Van Wassenhove (2009). In particular, Su (2009) proposes a model where consumers face

valuation uncertainty and realize their valuation only after purchase. Su (2009) proposes variations
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on well known supply contracts (e.g. buy-back contracts) such that they coordinate the supply
chain even when taking into account consumer returns. In contrast, we incorporate information
control to the consumer, while we ignore aggregate demand uncertainty and the related inventory
management component of the problem. More recently, Atasu et al. (2008) study the impact of re-
manufacturing and refurbished products on firm profitability and market share, Calmon and Graves
(2016) investigate managing reverse logistics systems when prices and demand are uncertain, and
Pinge et al. (2016) study the relationship between pricing and re-manufacturing decisions.

Shulman et al. (2009) consider an analytical model with risk neutral consumers and two hor-
izontally differentiated products. They identify conditions under which it is optimal to provide
product fit information to consumers. However, they consider a binary decision of providing either
full information or no information. They do identify information provision and reverse logistics as
strategic substitutes, as we do. In contrast, we consider a richer information control model, and
additionally identify reverse logistics as a main driver of product adoptions.

Taylor and Xiao (2016) compare the options of distributing socially-desirable products through
non-commercial and commercial channels, where the latter include a for-profit intermediary, in a
model that incorporates consumer awareness. They study the optimal subsidy by an international
donor, and show that the subsidy level can be higher or lower in the commercial channel, depending
on the level of consumer awareness. Our model is different in several aspects, including the absence
of subsidies, and the presence of consumer returns. The common insight from their paper and ours
is that a decision maker with a social motive can be hurt by improving the information provided
to consumers, due to the presence of a for-profit intermediary in the supply chain.

Finally, the information control framework we consider, particularly in our continuous model
specification in Section 5, was introduced in Johnson and Myatt (2006). Recently, Chu and Zhang
(2011) used this framework to analyze the effect of information release in the prices of pre-orders,
before a product is officially launched, in the context of hi-tech products. In contrast, we develop a
framework to study the problem of how to increase the adoptions of new life-improving technologies

in developing countries.

3. Modeling Framework
Our model has three players: the distributor, the retailer, and the consumers. In this section, we

describe each of the players and define the sequence of events in the game we study.

3.1. Consumers
We assume that the market has a constant number of consumers, each with an individual valuation
for the new product. To simplify the notation, we normalize the total demand to 1, and we work

on a per-unit accounting basis. All results carry to any fixed pool of consumers.
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The set of possible valuations is Y C R. A consumer’s true valuation, V, is only revealed after she
purchases the product and uses it extensively. The distribution of types fi» among the population
is common knowledge. Prior to her purchasing decision, the information that a consumer has
about the product is a random marketing signal S received from the distributor (the signal is
representative of a marketing, or educational, campaign). For each individual consumer of type
v €V, this signal is drawn from a distribution fs(s|v,#), where the parameter § measures the
accuracy of the signal. The joint distribution of signals and types is fs .y (s,v|6).

The retailer sells each product for a price p, and offers a refund r for consumers that decide
to return the product after purchasing it. We assume that a consumer returns a product if, after
purchasing and using it, she finds that her true valuation is less than the refund r. Additionally,
we assume that all consumers have the same risk averse utility function U and, for a signal s, will

buy the product if her expected utility, denoted by Uy(p, 7, s), is nonnegative, i.e. if
Uo(p,7,5) :=Ev[U(max(V,r) —p)|S =s,0] > 0. (1)

To simplify notation and summarize the consumer behavior in our model, we define

=~
o
S
>
=
i

P(Uy(p,r,S) >0]6), (Probability of buying the product

&
S
3
=
1

)
P(Uy(p,r,S) >0,V <r|f), (Probability of returning the product)
A(p,m)|0) :=P(Uy(p,r,S) >0,V >r|d), (Probability of adopting the product)
P(S(p,7)|0) :=P(Us(p,r,S) >0,V > p|0). (Probability of a satisfied customer)
Note that a customer is considered satisfied if she adopted the product, and has no regret about

her purchasing decision, equivalently if she derives a non-negative consumer surplus.

3.2. Retaliler

The retailer buys the product from the distributor for a price ¢, and salvages returned items through

the distributor for a value u. We assume that all sales are deliver-to-order. Whenever a sale occurs,

the item is delivered to the retailer by the distributor, and then the consumer picks the product up.

This assumption is representative of Essmart’s operations in India, which motivated this paper.
Hence, the retailer’s decision variables are the price to the consumer p, and the refund r. Its

profit function is
g(r,p) = (p—c)-P(B(p,r)|0) — (r —u) - P(R(p,7)|0). (2)

We assume that the retailer carries the product only if he derives a profit larger than some baseline

profit m. > 0. The profit 7. can be interpreted as the retailer’s opportunity cost.
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3.3. Distributor

The distributor purchases items from the OEM at a unit price w, and can salvage returned products
for y. Furthermore, the distributor decides the price it will charge the retailer ¢, as well as the
amount it will pay the retailer for each return wu.

We assume that the distributor has processing capabilities to extract value from consumer
returns, resulting in a salvage value y. For example, the distributor could refurbish returned prod-
ucts and use them in demonstrations. Conversely, we assume that the retailer lacks the adequate
facilities to refurbish returned items and, in general, can extract very little value from returned
products on its own. This is consistent with the realities of poorer regions in developing countries.

Finally, we assume that the distributor values product adoptions by satisfied customers. This is
in part due to the distributor’s mission as a social enterprise. More generally, we model the fact
that many companies value their market share, even when improving it may potentially reduce its

short term profits. The distributor’s profit function is

p(c,u) =(c —w)-P(B(p,r)|0) — (u—y) - P(R(p,r)|0) +~-P(S(p,7)|0), (3)

where v > 0 models the relative value, for the distributor, of product adoptions by satisfied cus-

tomers with respect to its short term profits.

3.4. Sequence of Events
We assume that the distributor is a Stackelberg leader. That is, given the information accuracy
level 0 and salvage value y, the dynamics of our modeling framework are as follows:
1. Given 0 and y, and the distribution of types fsy(s,v|), the distributor chooses ¢, u antici-
pating the reaction from the retailer and consumers;
2. The retailer chooses p and r after observing ¢, u, and fs v (s,v]0), and starts selling the product
if max,. , [Ig(r,p) > 7g;
3. Each consumer observes p, r, and their individual signal s. Based on the distribution
fvis(vls,8), the consumer estimates her utility and purchases the product if Uy(p,r,s) > 0;
4. If a purchase occurs, the product is delivered to the retailer and is picked by the consumer at
the store;
5. The consumer uses the product, learns her true valuation v € V, and returns the product if
v < r, obtaining a refund r;
6. The retailer returns the products that were returned by consumers to the distributor for a

refund u per unit. The distributor, in turn, salvages the return for a salvage value y per unit.
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3.5. Overview of the Analysis

We will analyze two specifications of this model. First, in Section 4 we assume that the consumer
valuations, and the distributor’s marketing signal, are discrete and can be of two types each. This
model allows us to write the distributor’s objective value, and the retailer’s profits, in closed form
at equilibrium, and gives us simple expressions for the level of product adoptions by satisfied
customers. Then, in Section 5, we assume that the consumer valuations, and the distributor’s
signal to the consumer, are continuous and normally distributed. This set-up is considerably more
difficult to study analytically, therefore we explore it mostly through numerical simulations.

For each model, we characterize the equilibrium behavior of each player. Moreover, we study
the sensitivity of the equilibrium with respect to changes in: (i) the informational level 6, that
corresponds to campaigns that increase the accuracy of the signal received by the consumers;
and (i7) the salvage value y, that corresponds to improvements in reverse-logistics that increase
the value extracted from returned products. We also analyze the effect of the weight v that the
distributor gives to product adoptions by satisfied customers versus its short term profit, as well

as the role of the for-profit retailer in the distribution channel.

3.6. Discussion of Modeling Assumptions

We do not explicitly model the cost of marketing and consumer education, nor of reverse-logistics.
The reason for this is that these costs depend on the realities of each specific firm. For example,
Essmart’s marketing and consumer education costs are a convex increasing function of its marketing
effort, since many of their customers are located in isolated regions. On the other hand, firms that
rely on mass communication strategies for their marketing campaigns could experience economies
of scale on their marketing efforts. Salvage values also depend on contracts with suppliers, ease of
recycling and refurbishment, and are product specific.

We also assume that this is a full information game. Although this assumption is standard in
the literature, we recognize that it does not necessarily describe the market reality faced by many
social enterprises. We consider this assumption as a relevant starting point, and leave the partial
information version of this model as an interesting future research direction.

We do not model the inventory management problem faced by the distributor. In reality, since
Essmart delivers their products to order, they have to carry inventory. Although Essmart benefits
from inventory risk pooling across multiple retailers in multiple villages, they still face inventory
costs and risks. We also leave this aspect of the problem as a potential extension of our model.

The assumption that consumers are risk averse is representative of the challenging environment
where organizations working on distributing new life-improving technologies in the developing

world operate. In particular, the relationship between risk aversion and poverty is discussed by
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Haushofer and Fehr (2014). In our model, this assumption captures the insight that eliminating
the retailer’s inventory risk may not be sufficient to activate the market. Specifically, risk averse
consumers have a lower willingness to pay for a product with uncertain valuation. This generates
a gap between the potential profitability of the market if the valuation uncertainty was reduced,
and the actual profitability of the market without any external intervention. If the latter is smaller
than the retailer’s outside option, then the market collapses.

Furthermore, the other main insights in the paper either do not change or are actually strength-
ened if we assume that consumers are risk neutral. In fact, it can be shown that, when consumers
are risk neutral, the value of information accuracy is smaller compared to when consumers are risk

averse and, therefore, reverse logistics is even more attractive to the distributor.

4. Discrete Model
In this section, we assume that consumers can have either a high or low valuation for the product.
Thus, V = {v,, v}, where v, > v;. Moreover, we assume that P(V =v,) = .

First, we characterize the equilibrium behavior of the consumers, the retailer, and the distributor.
We prove that there are three non-dominated strategies, driven by the distributor’s refund policy.
Specifically, the three strategies are: (i) the distributor implements full refunds emphasizing reverse
logistics instead of consumer education, (i7) the distributor implements no refunds emphasizing
consumer education instead of reverse logistics, and (#ii) the distributor implements partial refunds
and uses a mix of reverse logistics and consumer education.

Then, in Section 4.4, we characterize the distributor’s optimal strategy as a function of the
information accuracy €, and the salvage value y. Finally, we analyze how the distributor’s optimal
strategy changes with the value of product adoptions by satisfied customers ~, and with the value
of the retailer’s outside option mz. We find that a larger value of any of these two parameters makes
the distributor more likely to select the strategy that emphasises reverse logistics.

In this model we assume that, as a result of the distributor’s marketing and educational efforts,
the consumers receive either a high or a low signal of the product’s value, s € {s,,s;}. We also
assume that 6 is the accuracy of the signal and that this accuracy is symmetric, i.e. the same for
both signal types. Specifically, we assume P(s;|v;) =6 for i € {l,h}, and 0 € [.5,1]. The case § =0.5

corresponds to an uninformative signal, while § =1 is a perfectly informative signal. We have

]P’(sh,vh]H) = 9(1 — 5), ]P’(sl,vl|0) = 06, ]P’(sh,vl\G) = (]. — H)B,and ]P’(sl,vh]Q) = (]. — 9)(1 — 6)

4.1. Consumers’ behavior
Once a consumer receives a signal, she will estimate her valuation. If a consumer receives a low
(respectively high) signal, the inferred probability of having a low (respectively high) valuation is

03 0(1-5)

Plodse )= g i gya—py 61— B) +(1-0)8

P(Uh|5h,0) =
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Consumers are risk averse, and we assume they have a CARA utility function with constant
absolute risk parameter o > 0. Therefore, given a signal s, a consumer’s expected utility Uy(p,r, s)

is
Uo(p,r,s) = E[U(max(V,r) —p)|s,0] =1 —P(v|s, H)efa(max(””)*p) —P(uvy]s, H)efa(max(”h”“)fp). (4)

Hence, a consumer that received a signal s € {s;, s;} will purchase if and only if Uy(p,r,s) > 0.
For any refund r, and information accuracy 6, let p;(r,0) and p;(r,0) be the highest price that

consumers that received signal s;, and s;, respectively, are willing to pay for the product. Then,

1
pr(r,)=——1In (P(Ug\sh, 9)6*”‘““”‘(”“” + P(v|sp, H)efamax(”h’r)) ,
«a
5)
1 (
p(r,0)=——1In (P(Ul |s1,0)e max(vp,r) 4 P(vys;,0)e max(vh,r)) .
a

Clearly py(r,0) > pi(r,0), for any refund r, and information accuracy 6.

4.2. Retailer’s behavior
From the consumers’ behavior, it follows that the retailer has two possible market targets. He
can choose to target either only consumers that received a high signal s,, by charging the price
pr(r,0), or the whole market, by charging p;(r,0). Thus, the retailer’s optimal profit, if carrying
the product, can be written as
I, = max (p—¢)-P(B(p,7)[0) = (r —u) - P(R(p,r)0).
rpE€{pp(r,0),pi(r,0)}

Note that the probabilities also depend on the distribution of types defined by S. The retailer will
carry the product if his profit is higher than some outside option 7, i.e., if II}, > 7.

The retailer’s optimal response, for any given distributor’s decisions, is characterized in Theorem
1 in Appendix A. Specifically, Theorem 1 shows that the optimal refund strategy for the retailer
is always one of two possible options: either (i) full refunds (r* = p*), or (ii) no refunds (r* =0).
Combining this observation with the two possible market targets described above, leads to the four
non-dominated strategies summarized in Table 1. We will see later, in Section 5, that this retailer’s
qualitative behavior is the result of the model specification in this section, as opposed to being a

feature of the modeling framework described in Section 3.

4.2.1. Consumers’ risk aversion and market collapse. Before presenting the distributor’s
equilibrium behavior, we show that in markets where the consumers are highly risk averse, it might
be unprofitable for the retailer to carry a new product with valuation uncertainty, even if he faces
no inventory risk.

In other words, a proactive intervention by the distributor that reduces the valuation uncertainty

for the consumers may be necessary in order to activate the market. This is relevant since many
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Refund Policy
No Refunds | Full Refunds

Whol
Market o (a) (b)

Market
High Signal

Target

() (d)

Consumers

Retailer’s non-dominated strategies

Strategy P(B(p,r)|0) P(A(p,r)l0) PR(p,7)|0) P(S(p,r)|0)

(a) 1 1 0 1-3
(b) 1 1-p B 1-8
(c) P(s4]0) P(s,|6) 0 P(sp,vn|0)
(d) P(s4]6) P(sp,vnl0)  P(sp,v]0) P(sp,vn|0)

Induced consumers’ behavior
Table 1 Summary of the retailer’s non-dominated strategies

social enterprises, particularly those in developing countries, operate in an environment that is
characterized by low levels of recognition for life-improving products and brands, as well as by
consumers that are highly risk-averse, and unwilling to spend a significant fraction of their income
on new technologies.

First, to ensure that the setup is non-trivial, we make the following assumption throughout.
Assumption 1. Assume v, —w < 7r < (1= 8)(v, —w).

Note that if the consumers are fully informed about their valuations, then the highest price that
the retailer can charge and still target the whole market is v;. It follows that the first inequality
in Assumption 1 states that the wholesale price w is large enough such that, if the consumers are
fully informed then it is not profitable for the retailer to carry the product and target the whole
market. Similarly, the second inequality in Assumption 1 states that, if the consumers are fully
informed then it is profitable for the retailer to target high valuation consumers. This assumption
generates tension in the model. Specifically, if consumers are very risk averse, and are aware that
the signal they receive is imperfect, then consumers that received a high signal s, will require a
price very close to v; in order to buy the product, since they will fear that v; is their real valuation.

In addition, to characterize highly risk averse consumers in this model, define the threshold level
« for the consumers’ absolute risk aversion parameter « as follows.

Definition 1. Let o be such that = In(fe 2 4 (1 — B)e ) —w =, if (1= B)vp + v, —w > 7,

and o =0 otherwise.
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If consumers are highly risk averse, then the strategy that attains full market adoptions by
targeting the whole market and offering no refunds (strategy (a) in Table 1) becomes unprofitable
for the retailer, regardless of the accuracy of the information provided to the consumer. This is
summarized in the following corollary. For the sake of brevity, the proofs of all the following results
in the paper are presented in the Online Appendix.

Corollary 1. For any accuracy level 6 € [%, 1] , if the consumers are highly risk averse (o> «), then
it is unprofitable for the retailer to carry the distributor’s product and target full market adoptions.
Namely, it is unprofitable for the retailer to implement strategy (a) in Table 1.

Moreover, there are non-trivial situations where unless the distributor improves the information

provided to the consumers, or gives a larger refund to the retailer, the market collapses and it is
always unprofitable for the retailer to carry the product, i.e., there are no sales. This is described
in the next corollary.
Corollary 2. Consider a market with the following challenging environment. Consumers are highly
risk averse (a > a), and they have no information about their valuation for the product (6 = 3).
Moreover, either the population of high valuation consumers, or the high valuation itself, is not
large enough ((1—B)v, <7, +w). Then, if the distributor provides no additional information (i.e.
maintains 6 = 1), and it does not provide a salvage value for returns to the retailer (i.e. sets u=0),
it is unprofitable for the retailer to carry the product, even if he faces no inventory risk.

We leverage the two previous corollaries to focus our analysis on the challenging environment in
which our partner social enterprise operates in. For such, we will make the following assumption
throughout.

Assumption 2. Assume that consumers are highly risk averse, specifically assume o > «.

4.3. Distributor’s behavior

From Assumption 2 and Corollary 1 it follows that it is always unprofitable for the retailer to
implement strategy (a) in Table 1. Then, the distributor will choose the values of ¢ and u that
induce the retailer to pursue either strategy (b), (c) or (d), in Table 1, depending on which attains
the largest objective value.

The distributor’s optimal response is characterized in Theorem 2 in Appendix A. Specifically,
Theorem 2 shows that the distributor has three non-dominated strategies, defined by the refund
policy it implements. These strategies can be summarized as follows.

(i) The distributor offers full refunds to the retailer. This induces the retailer to offer full refunds
to the consumers and target the whole market (see strategy (b) in Table 1), effectively eliminating
the need for more accurate information. Moreover, this strategy can always be made incentive

compatible for the retailer. Since improving the information accuracy is likely to be costly, it
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is optimal for the distributor not to invest in improving the current information accuracy when
following this strategy. Therefore, we refer to this strategy as a pure logistics strategy, and we
denote it by Log.

(74) The distributor offers no refunds to the retailer. This induces the retailer to not offer refunds
to the consumers and target the whole market (see strategy (c¢) in Table 1), effectively eliminating
the need for a reverse logistics channel to process customers’ returns. This strategy can only be
made incentive compatible for the retailer under some conditions, see Theorem 2. Since investing in
reverse logistics is likely to be costly, if the distributor decides to induce strategy (c), no investments
in reverse logistics should be made. Therefore, we refer to this strategy as a pure information
strategy, and we denote it by Info.

(7i7) The distributor offers partial refunds to the retailer. This induces the retailer to not offer
refunds to the consumers and target customers that received a high signal s;, by implementing
(essentially) full refunds (see strategy (d) in Table 1 and Theorem 1). As a result, both the infor-
mation accuracy to the consumers and the capability of offering a high refund remain relevant to
the customers’ purchasing decision. Therefore, we refer to this strategy as a mized logistics and
information strategy, and we denote it by Mizx.

For each of these three strategies, the cost to the retailer c is set such that the individual
rationality constraint for the retailer becomes tight. Namely, in this model the distributor always

extracts all the surplus from the retailer beyond the reservation utility mg.

4.4. Strategic analysis

In this section, we investigate how the distributor’s optimal strategy changes for different values of
the accuracy of the information provided to the consumers @, and salvage value y. In other words,
if we think of the pair (6,y) as the distributor’s type, then we study which distributor types would
prefer to implement the pure logistics strategy Log, the pure information strategy Info, and the
mixed strategy Miz, respectively.

This will provide insight into the relative effectiveness of reverse logistics, and consumer edu-
cation campaigns, for a social enterprise that distributes a product with uncertain valuation to
risk averse consumers through a for-profit distribution channel. Specifically, in Sections 4.4.1 and
4.4.2 we study the sensitivity of the distributor’s optimal strategy with respect to mg, the retailer’s
opportunity cost, and -, the relative value for the distributor of product adoptions by satisfied
customers with respect to short term profits, respectively.

Our first insight is summarized in the following corollary.

Corollary 3. Increasing the accuracy of the information provided to the consumers 0, and increas-

ing the distributor’s salvage value y, are strategic substitutes.
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v, =6,y =25, w=2,a=3,vy=0,8=0.8,7g = 0.6 v, = 4,0, =2.5,w=20,a0a=3,7y=0.0,=0.8,7r = 0.6
. >

LOG(v,r)
LOG("/* FR)

INFO(v,mr)

INFO(v,7Rr)

o

0.5 0.6 0.7 g 08 0.9 1
(b)

v, =4,y =1.5,w =20, =10,y=0.0,4=0.2,7p = 1.5

>

v, =4,v =2.5,w=20,aa=10,7y=0.0,4=0.2,m7g =15
>

INFO(v,R)

Figure 1 Examples of optimal decision diagrams for the distributor.

Corollary 3 shows that, in equilibrium, the marginal benefit of increasing 6 is reduced with an
increase in y, and vice-versa. The managerial insight provided by Corollary 3 is that the distributor
should emphasize either improving the information accuracy to the consumers, or improving reverse
logistics to obtain a higher salvage value. A natural question that follows is: Are there general
conditions that favor one option over the other?

In order to answer this question, Proposition 2 in Appendix A characterizes the sets LOG(v, 7r),
INFO(~,mg), and MIX(vy,7r), where the optimal distributor’s strategy is Log, Info, and Miz,
respectively. In other words, the set LOG(vy,7r) is the set of pairs (6,y) such that full refunds
are optimal for the distributor. Similarly, the sets INFO(vy,mr) and MIX (y,7r) correspond to
the sets of pairs (6,y) such that no refunds, and partial refunds, are optimal for the distributor,
respectively. Different examples of the distributor’s optimal decision diagram are provided in Figure

1. In particular, note that the set IN FO(~v,mr) may be empty, as shown in Proposition 2.

4.4.1. The effect of a larger value of the retailer’s outside option my.
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v, =6,y =1.5,w=20,aa=3,7v=0.0,=0.8,7g =0.0 v, =6, =1.5,w=20,a0a=3,7y=0.0,=0.8,7g =0.25
>-

>

LOG(v, R)

1.5

o MIX(v,7r)

0.57

INFO(y, )

INFO(y,7r)

0.5 0.6 07 6 08 0.9 1 0.5 0.6 07 6 038 0.9 1

(a) TrR=0 (b) 1r =10.25
v, = 6,9, =1.5,w=2.0,a0a=3,y=0.0,8=0.8,7g = 0.5
>

0.5

07 6 08 ‘. 1

(C) TR = 0.5
Figure 2 Impact of 7z on optimal decision diagram.

Corollary 4. Let 7y, %, be such that 7y > % > 0. Then LOG(vy,7%) C LOG(~,7R), for any
~v > 0. Namely, a more profitable retailer’s outside option makes the distributor more likely to select
the pure logistics strategy Log.

Corollary 4 suggests that, when dealing with a retailer that has a high opportunity cost, improv-
ing reverse logistics is more likely to be a better strategic option to induce him to carry a product
with valuation uncertainty for sale to risk averse consumers, compared to improving the informa-
tion accuracy to the consumers. This is illustrated in Figure 2, where the distributor’s decision
diagram is depicted for various values of the outside option 7. In particular, as 7wy increases, the
area in the distributor’s decision diagram for which the pure logistics strategy Log is optimal also
increases. Interestingly, the effect over the set INFO(+,mg), where the pure information strategy
Info is optimal, is non-monotonic in 7z. Namely, the region IN FO(v,7r) in Figure 2 first increases
with 7z (from 2a to 2b), and then it decreases to the point where it vanishes (from 2b to 2c).

This result could be valuable for social enterprises that are disseminating new clean technologies
that seek to replace polluting products (for example, solar lamps that aim to replace kerosene

lamps). If these social enterprises seek to distribute their products through small retail shops
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v, =6,y =25, w=2,a=3,vy=0,8=0.8,7g = 0.6 v, = 6,v, =2.5,w=20,aa=3,7y=6.0,6=0.8,7r =0.6
g >

LOG("/* TR )

LOG(v,7r)

INFO(v,7Rr)
INFO(y, )
07 § 08 l 1
(b) y=6
Figure 3 Impact of v on the distributor’s optimal decision diagram.

that are accustomed to distributing a traditional alternative product that is relatively profitable,
investing in a reverse logistics system, and offering refunds through the retailer, can be an effective

strategy for the distributor to increase product adoption.

4.4.2. The effect of a larger value for satisfied product adoptions ~.

Corollary 5. Let 71, 72, be such that vy > 2 > 0. Then LOG(y2,mr) C LOG(7v1,7Rr), for any
mr > 0. Namely, a larger weight on product adoptions by satisfied customers makes the distributor
more likely to select the pure logistics strategy Log.

Corollary 5 states the main result in this paper, for the discrete model we study in this section.
It shows that, everything else being the same, a distributor that puts a larger weight on product
adoptions by satisfied customers (compared to short term profits), is more likely to choose the pure
logistics strategy Log. This result is demonstrated in Figure 3 where, as the value of « increases,
the set of pairs (#,y) for which the distributor selects the pure logistics strategy becomes larger.
This result follows from the observation that the pure logistics strategy attains the upper bound on
satisfied customers P(v,) = (1 — ), while the information based strategies attain an intermediate
level of satisfied customers P(vy,,s,|0) = (1 — 8)0, for any information accuracy less than perfect
information, see Table 1. Interestingly, increasing the information accuracy 6 can only increase the
probability of satisfied customers in this model. In Section 5 we will see that this is a characteristic
of the model specification we study in this section, as opposed to being a feature of the modeling
framework described in Section 3.

In summary, the equilibrium behavior of the distributor, retailer, and consumers in this model
suggests that, when dealing with risk averse consumers and valuation uncertainty, improving
reverse logistics is a better strategic option to increase the fraction of satisfied customers, than
improving the accuracy of the information provided to the consumers through extensive marketing

campaigns. A natural question that arises is: how robust is this result to different specifications
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of the modeling framework described in Section 37 More precisely, is this insight driven by the
retailer’s optimal behavior in this specification of the model, where only full refunds, or no refunds,

can be optimal? We explore this question by analyzing a different model specification in Section 5.

5. Continuous Model

Although the discrete model from Section 4 provides closed-form results, it does not allow for a
detailed sensitivity analysis of product adoptions by satisfied customers with respect to changes in y
and # since the retailer’s behavior is non-smooth. In this section, we address this issue and consider
a model where both consumer valuations and the signal sent by the distributor are continuously
distributed.

Since this continuous model is analytically intractable, we study the equilibrium through numer-
ical simulations. Moreover, in Section 5.4 we perform a comparative statics analysis and we also
analyze how the distributor’s optimal strategy changes with . Our simulation results suggest that
a larger value for v makes the distributor more likely to select a strategy that emphasises reverse
logistics.

The continuous model has a fundamental difference compared to the discrete model. Specifically,
in the discrete model, improving information accuracy always increases product adoption by sat-
isfied consumers, as well as the retailer’s profit and the distributor’s objective value. In contrast,
in the continuous model, if a product has a high enough salvage value y, increasing information
accuracy may actually decrease adoptions, and even the distributor’s objective value. Namely, as
the salvage value increases, the distributor’s strategy switches from a strategy that seeks to improve
information accuracy improvement to a strategy that does not.

Our numerical simulations indicate that this change in the distributor’s strategy is driven by the
presence of the for-profit retailer in the supply chain. To be specific, improving information accuracy
may encourage the retailer to only target consumers with a high product valuation, ultimately
reducing product adoptions. In contrast, reverse logistics improvements supports a larger salvage
value which, in turn, increases the retailer’s expected profit for each unit sold, and better aligns
the retailer’s behavior with the distributor’s goal of increasing product adoptions.

We assume that ¥V = R, and that consumer valuations are normally distributed, i.e., V ~ N(u,c?).
As a result of the distributor’s marketing and educational efforts, the consumers receive a signal
S, of the form S =V +n, where n ~ N(0, 0727) corresponds to a random noise, and it is independent
of V. Hence, each customer receives a noisy signal that is correlated with her valuation for the
product. The distributor can improve the quality of the signals by decreasing afl. In particular, when
0, =0 the consumers receive perfect information, i.e. the signal is her exact valuation. Conversely,

when o, — 0o, consumers have no information about their valuation.
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5.1. Consumers’ behavior
Consumers form an estimate of their valuation based on the signal they receive. Let V, be the

valuation estimate of a consumer that received signal S, i.e. Vo = E[V|S]. Then,

g
Vo=E[V|S5] :M‘i‘PW(S—N) =p*S+(1-p*)p,
n

€ [0, 1], is the correlation coefficient of V' and S, see for example Bertsekas and

o
02-1—(7,2]

Tsitsiklis (2002).

In order to simplify the notation and analysis, let 6 := p? € [0,1]. It follows that the consumers’

where p =

valuation estimate V| is also normally distributed, and has the same mean and a fraction of the
variance of the consumers’ valuations. Specifically V ~ N (u, 80?). Moreover, let € be the consumer’s
valuation estimation error, then e =V — V, ~ N(0, (1 — 0)o?), see Bertsekas and Tsitsiklis (2002).
Namely, we can write the consumer valuations V as V =1, +e.

As before, 6 € [0, 1] represents the accuracy of the signal sent to the customers (although with
a different definition from the discrete model in the previous section). In particular, when 6 =0
(equivalently o, — 00), the consumers have no information about their valuation before buying
the product (they only know the average valuation p), while when § =1 (equivalently o, =0), the
consumers have perfect information and their valuation is equal to their estimate, i.e. V =1V,.

We assume that consumers are risk averse and have a CARA utility function. However, we
leverage our simplified notation and express the consumer’s utility as a function of V;, instead of S.
Recall that consumers anticipate that they will return the product if, after they purchase it, they
find out that their true valuation is less than the refund r. Then, for a valuation estimate V, = vy,

the consumer expected utility is
Us(p,7,v0) = Ey [U(max(V,7) — p)|Vo = 0o, 0] = 1 — E [e”*(max(voter)=p) 9], (6)

A consumer purchases the product if Uy(p,r,v9) > 0, and we say the consumer is satisfied if she
purchases the product and her valuation v is such that v > p. Namely, if she has no regret of having

purchased the product, i.e. derives a positive surplus.

5.2. Retailer’s behavior
There is a one to one mapping between the price p and vy, where vg is the lowest valuation estimate

of a customer still willing to buy the product, i.e.,
1 —amax(vg+e,r)
UO(p7TaUO) >0« p<——1In (Ee[e v max (vo+e, ’9])
o

Therefore, instead of choosing the price p, we can assume that the retailer directly targets the
fraction of consumers that buy the product P(V, > v,]0). We use this observation to define the
retailer’s pricing function

1
p(r’ 'UO) = _& In (Ee [e—amax(vo-‘re,r) ’9]) ) (7)
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This is the highest price that the retailer can charge when targeting consumers with a valuation

estimate of at least vy. It follows that we can write the retailer’s profit function as
g (r,v0) = (p(r,v0) — )P(Vo > v0|0) — (r — u)P(Vo > v, V < 7[0). (8)

This model is challenging to study analytically. Specifically, although the retailer’s objective
function is quasi-concave, there are no closed form expressions for the retailer’s optimal response.
The following proposition states a structural result for Iz (r,vy) with respect to the refund 7.
Proposition 1. For any vy, let r* = argmax, IIz(r,vy). Then, 0 < u < r* < p(r*,vy). Namely,
partial refunds are optimal for the retailer.

Proposition 1 shows that the retailer’s behavior is qualitatively different in this continuous model,
compared to the discrete model in Section 4. Specifically, Theorem 1 shows that in the discrete
model it is always optimal for the retailer to implement either full refunds or no refunds. In contrast,
Proposition 1 shows that partial refunds are optimal for the retailer in the continuous model.
In particular, implementing full refunds, or no refunds, is never optimal. Moreover, the retailer’s
optimal response changes smoothly with the product cost ¢, and the salvage value u, offered by
the distributor. This is a fundamental difference between the two model specifications we consider
in this paper. From a technical perspective, it can be shown that the retailer’s profit function
is quasiconcave and can be solved numerically for all practical purposes. We omit the proof of
quasiconcavity since it is long and tedious.

In the numerical simulations in Section 5.4 we will assume for simplicity that the retailer does
not have a profitable alternative product to carry, i.e. mg = 0. This does not affect our main
insights. This follows because, in contrast to the discrete model in Section 4, the retailer’s individual
rationality constraint can be loose in equilibrium. Namely, the retailer can always derive positive
profits even if mr = 0. This is the case since we assume that V = R. Specifically, for any fixed
distributor’s price ¢ and refund u, the retailer can always charge a price p > ¢, set r = u, and obtain

a positive probability of a consumer buying the product, leading to a positive profit.

5.2.1. Consumers’ risk aversion and market collapse. In this section, we show that if
the product has a small enough normalized margin, and the consumers are risk averse enough,
then it is unprofitable for the retailer to carry the product, unless the distributor gives a refund
to the retailer for consumers’ returns (i.e. u > 0), or more accurate information is provided to the
consumers (i.e. § > 0), see Figure 4.

In other words, and similarly to Corollary 2 in Section 4, the next corollary shows that there are
non-trivial setups where the distributor needs to be proactive in reducing the consumers’ valuation

uncertainty in order to incentivize the retailer to carry its product.
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Figure 4 Minimum normalized margin for the retailer to carry the product. The line represents the threshold

z(,0,3,0).

Corollary 6. Consider a market where consumers have no information about their type (6 =0),
i.e. Vo = p with probability one. Let z = *=* denote the normalized margin of the product. Then, for
any customers’ absolute risk aversion parameter o >0, and refund to the retailer u, there exists a
unique value z (a,u, - 7TT) such that max, I(r,u) < 7g if and only if z <z (a,u, g,m).

Namely, if the distributor provides no additional information (0 =0), the product has a small
enough normalized margin and the consumers are risk averse enough, (z < Z(a,u,%,m)), it is
unprofitable for the retailer to carry the product.

Corollary 6 shows that for any consumers’ risk aversion parameter «, and refund to the retailer
u, if the standardized margin of the product z is smaller than a threshold Zz (a,u, g,m), then the
retailer has no incentive to carry the product.

Figure 4 depicts the threshold z («,0,3,0). In the figure, we assume that the distributor provides
no information to the consumers (i.e. # = 0), nor does it provide a refund to the retailer (i.e. u=0).
Additionally, we assume that the probability of consumers deriving a negative value from the object
is negligible, namely p = 30. A smaller value for the ratio £ implies that some consumers may
get a negative valuation, and it has the effect of shifting the threshold from Figure 4 upwards,
making the risk of market collapse larger. Finally, we assume that the retailer does not have a
profitable alternative product to carry (mr =0). This makes Figure 4 consistent with the numerical
simulations in Section 5.4. A larger value for mx has the effect of shifting the threshold from Figure
4 upwards, once again making the risk of market collapse larger.

To make sense of the scale for the normalized margin z in Figure 4, note that z € [—1,1.5] has
been considered as a reasonable interval in the context of pre-orders of hi-tech products in developed
countries, see Chu and Zhang (2011). Life-improving technologies in the developing world are likely
to have a normalized margin well below 1.25, while their markets are characterized by highly risk
averse consumers, which is consistent with the need for the intervention of a proactive distributor

in our model.
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Figure 5  Objective function of the distributor as a function of ¢ and u. We assume 6 =0.6, « = 3.0, ;= 3.0,
=15, w=3.0,y=2.0, and y=0

5.3. Distributor’s problem
We assume that the distributor acts as a Stackelberg leader, anticipating the retailer’s response,
and the consumers’ purchasing behavior. The distributor can choose the price ¢, and the refund u,

offered to the retailer. The distributor’s objective function can be written as
Ip(e,u) = (c—w)P(Vo > vpl0) — (u—y)P(Vo > v,V <7|0) +yP(Vo > vo, V > p(vo,7)|0).  (9)

Where P(V, > v9]0) is the probability that a consumer chosen at random will buy the product.
Similarly, P(Vy > vo, V < r|@) is the probability of a consumer returning the product. Finally, the
last term in the distributor’s objective corresponds to the value associated with product adoptions
by satisfied customers, i.e., customers that purchase the product and extract positive surplus from
it. If v =0, the distributor’s objective is the same as its profits.

Note that vy and r implicitly depend on ¢ and wu, since the retailer responds to the decisions
made by the distributor. This makes the analytical characterization of the optimal distributor’s
behavior challenging in the continuous model. For this reason, in this section we resort to numerical
simulations in order to study the distributor’s response. All the simulations were carried out using
the Julia programming language, see Bezanson et al. (2012).

Although the distributor’s objective function is analytically intractable, it is numerically stable.
In particular, Figure 5 depicts the distributor’s objective for  =0.6, « =3.0, u=3.0, c =1.5, w =
3.0, y=2.0, and v =0. The figure only displays contours for values of v and ¢ where the objective
of the distributor is non-negative. The qualitative dependence of the distributor’s objective value
with respect to ¢ and u, depicted in Figure 5, is representative of the results obtained in extensive

simulations.
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Figure 6  Simulation results for a low margin product, where w =3, y=3, 0 = 1.5, and a = 3. Plots of the
distributor’s objective value, retailer’s profit, and fraction of satisfied customers as a function of the salvage value
y, and the accuracy of the information to the consumers 6. Includes the case when the distributor does not value

satisfied customers (top row, v =0), and when it does (bottom row, v =1).

5.4. Strategic analysis

In this section, we study how the distributor’s objective value, the retailer’s profit, and the fraction
of satisfied customers, change for different values of accuracy of the information provided to the
consumers 6, and the salvage value y. In Section 5.4.1, we additionally study the effect of changing
v, the relative value for the distributor of product adoptions by satisfied customers with respect
to its short term profits.

We calibrated our simulations using data from a water purifier sold by Essmart. This product’s
wholesale price is Y1100 (around US$ 15) and is a low margin product for both the distributor
and the retailer. It is also a product with a high adoption potential, since a significant fraction of
households targeted by Essmart don’t have access to non-murky bore well water, municipal water
lines, or pre-filtered water cans. However, given the wholesale cost of the water filter, Essmart
estimates that less than 30% of their consumers would be willing to purchase this product. Essmart
also perceives consumers to be risk averse towards purchasing the water purifier, since it requires
changing their water consumption behavior. Returns and warranties are available for this product.

Figure 6 depicts the simulation results based on this setup. Specifically, we assume w = pu =3,
i.e. the normalized margin of the product is z <0, and only a small fraction of the consumers can
potentially benefit from adopting the product. The figure depicts the distributor’s objective value,
the retailer’s profit, and the fraction of satisfied customers, as a function of the salvage value y, for

different accuracy levels of the information provided to the consumers 6. The first row in Figure
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6 considers the case where v =0, i.e. the distributor only values its short terms profits, while the
second row depicts the case where v =1, i.e. the distributor values an increase in the fraction of
satisfied customers as much as an increase in its short term profit.

First, from the first row in Figure 6, note that when 8 = 0.2 the market collapses since consumers
are risk averse and will not purchase the product, even if there is a high refund available. Intuitively,
for a small information accuracy 6, the estimated valuation for all the consumers is similar and
close to p. If w =, then there is no room for the distributor to incentivize the retailer to offer a
competitive price to the consumers. When there is more information available (e.g. # = 0.5, 6 =0.8),
the market is active. This suggests that, for products with a small normalized margin, at least
some level of information is actually required in order for the distributor to push the product. This
is consistent with the observations made by Essmart in their operations in India.

All the effects we discuss next are even stronger for products with a moderate and large normal-
ized margin. In particular, in the Online Appendix we present the numerical results of simulations
calibrated using data from a solar flashlight sold by Essmart, which has a high normalized margin.

In particular, from Figures 6a and 6d, note that the distributor’s objective value is increasing with
a higher salvage value y, for all the accuracy levels of the information provided to the consumers 6.
However, the marginal effect of increasing y (respectively, #), on the distributor’s objective value, is
decreasing with a larger 6 (respectively, y). Visually, the curves associated with lower information
accuracy (e.g. # =0.2 or § = 0.5) are catching up, and even surpassing, the curves associated
with high information accuracy (e.g. # = 0.8). Namely, increasing the information accuracy 6, and
increasing the salvage value y, are strategic substitutes for the distributor.

Moreover, from Figures 6¢ and 6f note that, for large enough salvage values y, increasing 0, i.e.,
disclosing more information, actually reduces the fraction of satisfied customers. This is the case
because, when the salvage value is high, the distributor will “pass along” the high salvage value
to the retailer, who in turn will offer a high refund to the consumers. In this case, the impact
that increasing the information accuracy 6 has on reducing the downside risk for the consumers
is already accounted for by the large refund for returns. In other words, when the salvage value
is already high, the main effect of increasing 6 is a reduction in the perceived upside for the
consumers. Since the consumers are risk averse, a smaller upside leads to less consumers trying out
the product, therefore to a smaller number of satisfied consumers.

Furthermore, when y is very large, increasing 6 does not only reduce the fraction of satisfied
customers, but it also reduces the distributor’s objective value in Figure 6d. Namely, as the sal-
vage value y increases, the distributor switches from a strategy that favors more accuracy in the

information provided to the consumers to a strategy that prefers less accurate information.
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Figure 7 Distributor’s profit when product adoptions are valued (y=1), for a low margin product, where ;. =3,

oc=15, w=3and a=3.

5.4.1. The effect of a larger value for product adoptions by satisfied customers ~.
As noted in the previous subsections, both the retailer’s behavior and the effect of improving the
accuracy of the information provided to the consumers are qualitatively different in the continuous
model in this section compared to the discrete model in Section 4. Nonetheless, we now corroborate
that our main insight is preserved in both models.

Namely, the results of the numerical simulations in this section suggest that, everything else
being the same, a distributor that puts a larger weight on product adoptions by satisfied customers,
compared to its short term profits, is more likely to pursue a strategy that emphasizes investing in
reverse logistics over improving the accuracy of the information provided to the consumers.

Specifically, comparing Figure Figure 6a to Figure 6d, suggests that the pairs of information
accuracy #, and salvage value y, for which the distributor follows a strategy that favors less accu-
racy in the information provided to the consumers increases with the value of product adoptions
by satisfied customers for the distributor 7. In other words, for a larger ~, the distributor is will-
ing to switch to a strategy with low accuracy in the information provided to the consumers for
smaller values of the salvage value y. We find this observation to be consistent across the extensive
simulations we ran for the continuous model. In particular, see the Appendix 7?7 for the case of a
product with a moderate normalized margin. Similarly to Corollary 5, this suggests that reverse
logistics are a better strategic option to increase product adoptions by satisfied customers, for a
social enterprise pushing a product with uncertain valuation to risk-averse consumers, through a
for-profit distribution channel.

One additional effect of having a larger distributor’s value for product adoptions by satisfied
customers 7, is that it can capture the willingness of a social enterprise to distribute products in
a challenging environment, where a for-profit company may not be interested in doing so.

In particular, consider Figure 6a and note that, since v =0, the distributor’s objective coincides
with its short term profits. Moreover, as already noted, when 6 = 0.2 the market collapses since

the distributor has no room to incentivize the retailer to carry a low margin product profitably. In
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Figure 8 Distributor’s objective value, and fraction of satisfied customers, when the distributor sells directly to

the consumers. For a low margin product, where w=3, y=1, p=3, 0 =1.5, and a=3.

contrast, in Figure 6d, and for the same product and information accuracy 8 = 0.2, we find that a
social enterprise that values product adoptions by satisfied customers as much as its own short term
profits, i.e. with v =1, is willing to distribute the product, and target reasonable product adoption
levels. In particular, in this numerical example, the expected fraction of satisfied customers ranges
between 8% and 15% for moderate salvage values y.

Not surprisingly, in order to induce positive sales in this challenging environment, the distributor
must be willing to accept a negative short term profit (otherwise the market would not collapse
for # =0.2 in Figure 6a). This is depicted in Figure 7, where the distributor’s profit is negative
when 6 = 0.2, for almost all salvage values below the product wholesale cost. Note that a negative
distributor’s profit is also attained in other cases in Figure 7. This behavior has been observed in
practice, where social enterprises, like Essmart, are willing to operate at a profit loss in the short
run, in order to fulfill their social mission, as well as to build up a consumer base that sustains

their operations in the long run.

5.4.2. The consequences of distributing through a for profit channel. In this section
we study the role of the retailer in our continuous model. In contrast to the analysis for the discrete
model in Section 4.4.1, the retailer has an important impact on the equilibrium outcome even if
he does not have an attractive alternative product to carry, i.e. even if mp = 0. This is depicted
in Figure 8, where the distributor’s objective, and the fraction of satisfied customers, are shown
assuming that the distributor sells directly to the consumers, i.e. without the retailer.

Note that the effect of removing the retailer in the continuous model is dramatic, both qualita-
tively and quantitatively. First, from Figure 8a, the distributor does prefer more accuracy of the
information provided to the consumers, even for a very high salvage value. From Figure 6, note
that this was also the case for the retailer before. This suggests that the presence of a for-profit
retailer in the supply chain is the main driver behind the distributor’s change of strategy discussed

in Section 5.4.1. Namely, with a very high salvage value, the problem of double marginalization
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gets exacerbated as the accuracy of the information provided to the consumers 6 increases, to the
point where the distributor prefers to have a lower 6, as discussed in Section 5.4.1.

Second, Essmart’s strategy of using local retailers as a point of sale to the consumers is associated
to a cost that can be significant, both in terms of reducing the distributor’s optimal objective value,
and the fraction of satisfied consumers. This cost was limited in the discrete model in Section
4, since the retailer’s individual rationality constraint is always tight at the equilibrium. Namely,
the distributor could always extract all the retailer’s profits beyond 7g, due to having a finite
support for the consumers’ valuations. Having said that, the cost associated with directly selling life-
improving technologies to millions of consumers in the developing world is likely to be prohibitive. In
this context, an interesting direction of future research is to evaluate the performance of alternative
distribution channels, in terms of supply chain profits and the fraction of satisfied consumers, and

compare them with Essmart’s current strategy of distributing through local retailers.

6. Conclusions

We propose a model that indicates that (¢) investing in improving the information to the consumers,
and (i7) investing in reverse logistics, are strategic substitutes, i.e. the marginal benefit of one
strategy decreases with an increase in the value of the alternative strategy. The model additionally
shows that a distributor that highly values product adoptions by satisfied customers, compared
to immediate profits, is likely to prefer to invest more in reverse logistics versus in information
improvement.

We find this insight to be robust to different model specifications. Namely, a two-type discrete
model, and a continuous model. Interestingly, the retailer’s behavior is qualitatively different in
each model. Specifically, in the discrete model either full refunds or no refunds are optimal, while
in the continuous model partial refunds are always optimal. Even if this is the case, in both model
specifications we find evidence that a distributor that highly values product adoptions by satisfied
customers is more likely to follow a strategy that emphasizes reverse logistics.

This issue is important for social enterprises that are trying to distribute life-improving products
in developing countries. From the authors’ experience, there is little thought given to the value of
reverse logistics and after sales warranties for these products. Most investments, especially in small
social start-ups, are directed towards marketing and education. Our analysis suggests that this is
not necessarily the optimal strategy. Moreover, investing in reverse logistics is an effective strategy
when the goal is to increase the proportion of satisfied customers. This observation is exacerbated
when consumers are very risk averse, which is the case in developing countries where consumers are
budget constrained, and have limited protection to the downside risk of poor purchasing decisions.

Identifying and developing effective reverse logistics and marketing strategies for social enter-

prises in the real-world can have a profound impact in the way new technologies are disseminated
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in these challenging environments. Furthermore, we believe that social enterprises that are trying
to scale and be financially sustainable in the developing world can be a rich source of interest-
ing Operations Management research questions. Many of these companies are attempting to align
profit, technology, and positive social and environmental impact. The expansion, analysis, and
optimization of the operations of these companies can be a valuable source of new operational

models.
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Appendix A: Appendix for Section 4

In this section we formally state the results discussed in Section 4.
Theorem 1. Given 0 € (%, 1], if the retailer chooses to carry the distributor’s product, his optimal
profit is
IT}, = max {11, I1%, 15, 115, } . (10)

Where each component in the max corresponds to a different non-dominated strategy by the retailer.
Strategies (a), (b),(c), and (d) are:
(a) Target product adoptions from the whole market, with no refunds. In this case, p* = p;(0,0),
r*=0, and 1% =p,(0,0) —c.
(b) Target product adoptions from consumers with high valuation vy, with full refunds. In this
case, p® =1’ =wy,, and U = (1 — B)(vy — ¢) + B(u—c).
(c) Target product adoptions from consumers that received a high signal sy, with no refunds. In
this case, p® =pp(0,0), r*=0, and 114 =P(s,|0)(pn(0,0) —c).
(d) Target product adoptions from consumers that received a high signal s, and have a high
valuation vy, with (essentially) full refunds. In this case, p® = py(v; ,0) = v, r*=wv, , and
1% ~ P(5410) (P(vp|sn, 0) (vs, — ¢) + P(v]sp, 0)(u — ¢)), where r* =v, denotes r* < vy, and r?
arbitrarily close to v,. Note that r* =v; < py(v, ,0) =p* <wvy, hence this strategy implements
essentially full refunds. Specifically, the approximations can be made arbitrarily accurate.
On the other hand, if 0 = %, i.e. the signal to the consumers is uninformative, then only strategies
(a) and (b) are non-dominated.
Proof. First, note that p;(r,6) < p,(r,6) if and only if 7 < v; and 8 € (3,1]. Otherwise, py(r,0) =
pr(r,0). In particular, if r > v;, then the retailer’s profit is II(r,0) = c—u < 0 < 7, for any 6 € [%, 1] )
If r = vy, then p;(r,0) =pp(r,0) = vy, P(B(vs,vs)|0) =1, P(R(vp,v4)|0) = 5, and II(vy,0) = (1 —
B)(vy, — )+ B(u—c), for any 6 € [$,1].
For any r € [u,v,), and 6 € [L,1], first assume p = pi(r,6). Then, P(B(p(r,6),r)|d) =
1, P(R(pi(r,0),7)|0) = B, and II(r,0) = p/(r,0) — ¢ — (r — u)B. Note that 9J,p/(r,0) =
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P(v]s1,0)
P(v|sg,0)+P(vp|s;,0)e
0> % Therefore, 9,11(r,8) = 0,p;(r,60) — B > 0, for any r < vj,. Moreover, the consumers’ behavior

—wr= > P(uls;,0) > 8, for any r < vy, where the last inequality follows from

is continuous at r = v,. Hence, it follows that the optimal refund in this setup is r* = v. This
implies p* = p;(vp,0) = vy, i.e. full refunds are optimal. Finally, the retailer’s profit in this case is
II(vy,0) = (1 — B) (v, — ¢) + B(u—¢). This corresponds to strategy (b) in the Theorem.

%,1], now assume that p = p,(r,0). Then, P(B(p,r)|0) =
P(su|0), P(R(p,7)|0) = P(sn,v|6), and II(r,0) = P(s,|0)(pn(r,0) — ¢ — (r — w)P(vi|sn,0)). Note
that O0,pu(r,0) = Pluy|5p,.6) = > P(ulsi,0), for any r < v,. Therefore, 9,I1(r,0) =

P(vi|sp,0)+P(vplsh.0)e
P(51,10)(0rpn(r,0) —P(vy]s1,6)) > 0, for any r < v,,. However, the consumers’ behavior is not contin-

For any r € [v,v,), and 6 € (

uwous at r =vy,. Namely, if r = v;, then there is no downside for consumers buying the product, and
it is no longer possible to price out the low signal consumers. Hence, it follows that the optimal
refund in this setup is 7* = v, , where r* = v, denotes 7* < vy, and r* arbitrarily close to v;. This
implies p* = pp, (v, ,0) = vj,, where the approximation can be made arbitrarily accurate. Therefore,

the retailer’s profit in this case is
(v, o (07 ,6)) = P(s410) (B(wnls1. 6) (pn (07 6) — €) + B(wr]1,0) (1 — ),
~ P(s4|0)(P(vn|sn,0)(vn — ) + P(vi]sp, 0) (u —c)).
Again, the approximation can be made arbitrarily accurate. This is strategy (d) in the Theorem.

For any refund r < v;, no consumer returns the product, i.e. P(R(p,r)|#) =0 for any p. Moreover,

pl(ra 9) :pl(oa 6)7 ph(rv 9) :ph(0?6)7 and

P(B(p,r)}f) = {; oo
(sn0) if p=pn(0,6).
Hence, in particular we can set r* =0 in this case. First assume p = p;(0,6), then the retailer’s
profit is II(0,0) = p;(0,0) — c. Now assume p = p,(0,0), then the retailer’s profit is II(0,60) =
P(s,|0)(pr(0,60) — c). These correspond to strategies (a) and (c) in the Theorem, respectively.
Finally, if 6§ = 1, then P(sp|0=3) = P(si/0=3) = 3, P(uls,q=3) = P(v;) = 3, and
P (vn]s,q=13) =P(vy) =1 — 3, for any signal s € {sp,s;}. Therefore, II§ = L1I%, and II§ = $11%.
Namely, strategies (¢) and (d) are dominated by strategies (a) and (b), respectively. O
Theorem 2 below summarizes the distributor’s non-dominated strategies. Depending on the
information accuracy to the consumers 6, and the value of carrying an alternative product for the

retailer g, some strategies might not be incentive compatible for the retailer. In order to simplify

the statement of the Theorem, we define the following functions. Let,

ph(O,G) . ]. —B . P(Sl|9) ph(O,H) . P(vh|5h;9)}
fil8, ”R>_mm{ B "B T P(s,0)8 Plulsn, 0) " P(uilsi,0) J
Ty pr(0,0) P(vh’Shag)

P(54]0)(B(vn|sn, 0) — P(va]si,0)) max{]?(vl|sh,9) ~ P (usn, 0)

(11)
,0}. (12)

fM(G,WR) =Up —
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Theorem 2. The optimal profit for the distributor is
1T, = max {T15"”, 15" 1y 0.0 200 115 Ly 0m) >0 } - (13)

Where each component in the max corresponds to a different non-dominated strategy by the dis-
tributor. The strategies Log, Info, and Mix are:

e Pure logistics strategy (Log), with full refunds. In this case, c**9 =u"*9 =v), — = and

15’
19 =P(vy)vp + P(v))y — w4+ P(v,) — 7,
e Pure information strategy (Info), with no refunds. In this case, ¢c™° = p,(0,0) — DL ulnfo =

0, and
I3 = B(5410) (P (0, 0) — w) + 7B (v, 5/0) — .

e Mixed logistics and information strategy (Mix), with partial refunds. In this case, ¢M@® =

T Miz _ _ ss
Uh = B oo’ & = U T B o) @onlen 0 —Fon @) 414

T =P(54]0) (P(vn|sn, ) v+ P(visp, 0)y —w) +yP(vn, 54/0) — 7.

The proof of Theorem 2 is long and it requires the analysis of many cases. For the sake of clarity,
we split it into Propositions 3-5 in the Online Appendix.
Proposition 2 below characterizes the distributor’s strategy that attains the maximum in equa-

tion (13), for any pair (6,y). In order to simplify its statement, we define the following functions.

—w— ]P)(Uh|8179) v —w
grm(0,7) = Blos.0) )( hty—w), (14)
nur(8)i=pa(0.6) = L (0~ 1 (0.0)), (15)
gri(0,7) =090 (0,7) + (1 —0)gnr(0). (16)

Proposition 2. Let © := [1,1], Y := [0,w]. Additionally, let LOG(v,7r), INFO(vy,7R), and
MIX (v, mRg), be the partition of © XY given by

LOG (v, 7TR) = {(9, y) €O xY 1y >max{g.1(0,7) 1t 0,01 9 (0,7) Lipy 00y ), (17)
INFO(v,mg) :={(0,y) €O x Y : f1(0,7r) > 0,y <min{gr1(0,7), 931 (0) Ly, 0.m)201 + WLigy0mp)<01}} 5
(18)

MIX(v,7mg):={(0,y) €O XY : far(0,7r) > 0,98 (0,7) =y = grsr(0) Lz, (0,mp)>0 ) - (19)

Then, if (8,y) € LOG(vy,7Rr), the dominant strategy for the distributor is the pure logistics strategy
Log; if (0,y) € INFO(vy,mRr), the dominant strategy for the distributor is the pure information
strategy Info; and if (0,y) € MIX(v,mr), the dominant strategy for the distributor is the mized
strategy Mix. Moreover, the sets LOG(vy,mr) and MIX (vy,mr) are guaranteed to be non-empty.

The proof of Porposition 2 is provided in the Online Appendix.
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Appendix. Online Appendix

Appendix A: Proofs

Corollary 1. For any accuracy level 8 € [%, 1} , if the consumers are highly risk averse (o> ), then it is
unprofitable for the retailer to carry the distributor’s product and target full market adoptions. Namely, it is
unprofitable for the retailer to implement strategy (a) in Table 1.

Proof. Assume first that (1 — 5)v, + fv; < 7. 4+ w, then II§ = p,(0,0) — c < p,(0,0) —w < P(v;|s,0)v; +
P(vy|si, O)vy, — w < (1 — Buy, + Bv; — w < m,.. Where the first inequality follows from ¢ > w, the second
inequality follows from noticing that p;(0, ) is decreasing in a and taking the limit o — 0, the third inequality
follows from P(v;|s;,8) >P(v;) = 8 for any 6 € [.5,1], and the last inequality follows by assumption.

Now assume that (1 — 8)v;, + fv; > 7, + w, then II§ = p;(0,0) — ¢ < p(0,0) —w = == In(P(v;]s;,0)e "t +
P(vp|s1,0)e™n) —w < =L In(Be=*" + (1 — Ble™>n) —w < =L In(Be~2" + (1 — B)e 2" ) —w = m,. Where the
first inequality follows from ¢ > w, the second inequality follgws from P(v,|s;,0) > P(v,) = B for any 0 € [.5,1],
the last inequality follows from the assumption a > «, and the last equality is the definition . [
Corollary 2. Consider a market with the following challenging environment. Consumers are highly risk
averse (o> «), and they have no information about their valuation for the product (6 = %) Moreover, either
the population of high valuation consumers, or the high valuation itself, is not large enough (1 — B)v, <
m.+w). Then, if the distributor provides no additional information (i.e. maintains 0 = %), and it does not
provide a salvage value for returns to the retailer (i.e. sets u=0), it is unprofitable for the retailer to carry
the product, even if he faces no inventory risk.

Proof. From 6 = % and Theorem 1 it follows that we can restrict our attention to the retailer’s strategies
(a) and (b) in Theorem 1. Moreover, from Assumption 2 it follows that the retailer follows strategy (b)
in Theorem 1. Finally, from u =0 it follows that the retailer’s profit from carrying the product is Il =
(1=PB)v, —c<(1—-p)v, —w <m7,. The first inequality follows from ¢ > w, and the second inequality
corresponds to the third assumption in the statement of the corollary. [

Proof of Theorem 2. For the sake of clarity, we split the proof of Theorem 2 into Propositions 3, 4, and
5 below.

Proposition 3. It is always possible for the distributor to induce the retailer to implement strategy (b)

from Theorem 1. Given that the distributor is interested in inducing the retailer to choose strategy (b), she

Ty

mazimizes her profits by giving full refunds to the retailer, u® =c® = v, — g

profit is 1" = (1 — B)v, + By —w +~(1 = B) — 7,
Proof. In strategy (b), the retailer sets p = r = v,. Then, P(B(vy,,v,,)|0) = 1, P(R(vy,v,,)|0) = B, and
P(S(vy,vy,)|0) =1— 8, for any 0 € [1,1]. Moreover, from Assumption 2 it follows that the retailer will never

In this case, the distributor’s

choose strategy (a) in Theorem 1.

Then, the distributor determines the optimal price ¢*, and refund u*, by solving
max c—w+(y—u)f+y(1-p)

st. (1=, + Bu>P(s,]0)pn(0,0) + P(s;|0)c (ICy)
P(8;]10)(P(vn|s1,0) (s — ) + P(vy]s1,0)(u—¢)) >0 (IC,) (20)
(1=8)(vn—c)+Bu—c) =, (IR)

0<u<e.
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The objective function in problem (20) corresponds to the distributor’s profit in this case. Constraints (1C1)
and (IC3) ensure that 1% > 115, and II% > I1%, respectively. Finally, constraint (I R) ensures that I1% > mg.
From Lemma 1 below we have that, without loss of generality, the (IR) constraint can be assumed to
be tight at optimality in problem (20). Assume that the (IR) constraint is tight. Then, by replacing c® =
(1= B)vy, + Pu— 7., and recognizing terms, we can re-write problem (20) as
max 1-=PBop+By—w+~v1-0)—m,
0.0 1-8 B(s)

t. h — T, I
=T EREDE R o
e
uzvh—m (IC2)
Ogugvh—lirﬁ.

We now verify that the feasible set of problem (21) is always non-empty. First note that Assumption 1

implies that the interval [O,Uh — l’r_rﬁ} is non-empty. Specifically, we have (1 — 8)v, > (1 = 8)(v, —w) > 7,.

To conclude we need to verify that the intersection of [O,Uh — 1’:’5} with the lower bounds on u given

by constraints (IC) and (ICs) in problem (21) is non-empty. In particular, for constraint (ICy) we have

ub = Up, 1 ;3 >0 m, since P(’Ul|$l,9) S lTr_Tﬂ i
(IC3) leads to the 1nequahty
—P(s,]0
0, 27, (0.6) 4 7, o) (22)

"= BR(sl6)
We now show that under Assumption 1 inequality (22) always hold. First, note that the inequality (22) holds
for any 3 < 5. Specifically, we have that v, > p,(0,6), and P(s;|6) > § for any 3 < %. Now assume > 1,
then we have

B —P(s:|0)
(1= B)P(snl0)

B —P(s]0)
(1= B)P(sn|0)

P(v;|sn,0)(vy — ;)

pr(0,60) +m, < P(vy|sn, 0)vy +P(vi]sh, 0)v; + 7,

B—P(s]0) _
(1= B)B(sn|0)

=v, + 7,

. (1*9) - Zﬁfli S

—n gy (1 o)
(1-9)

<wvp+ F(s10) (28 =1)(vh —w) — B(vn —w1))
(1-0) e
P(shIH)( (v —w) = (1= 6) (v, —w))

S'Uh.

The first inequality follows from p,(0,6) being decreasing in « > 0, and taking the limit o — 0. The second
equality follows from 8 —P(s;|0) = (1 —6)(28 —1). The second inequality follows from Assumption 1, specif-
ically from 7, < (1 — )(v, — w). For the last inequality, note that it trivially holds if v; < wj; alternatively
we have S(v; —w) < v, —w < (1 — B)(vy, — w), where the last inequality follows from Assumption 1.

This completes the proof that inequality (22) always hold. Therefore, the feasible set of problem (21) is

non-empty. In particular, the existence of the optimal solution c® = u® = v, — 1”_Tﬂ is guaranteed. Hence, we
conclude that the distributor’s optimal profits in this case are I3 = (1 —B)v, + fy —w+~y(1—B) —m,.. O
Lemma 1. Constraint (IR) can be assumed to be tight in problem (20) without loss of optimality.
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Proof. Note that at least one of the constraints (IC4), (IC) and (IR) must be tight at optimality in
problem (20), otherwise we could increase ¢, or decrease u, strictly increasing the distributor’s profits.
Assume first that the (ICs) constraint is tight. Then, by replacing ¢* = P(vy|s;, 0)vy + P(v|s;,0)u, and
recognizing terms, we can re-write problem (20) as

mu%x P(vy|si, 0)vn + (P(vi]s1,0) — B)u—w + By — g(0 — ) +~v(1 = B)

st.  Pon|sn, 0)vn +P(v]sn, 0)u > pi(0,0) (ICy)
< Tr (IR) (@)
vy, — ——m—————
="h P(vl|sl,9) —ﬁ
0<u<u,.

From P(v;|s;,0) > 8, for any 6 € [%, 1]7 it follows that without loss of generality we can increase the value of

u up until it attains its upper bound, i.e. until the (IR) constraint is tight.

)

Now assume that the (IC}) constraint is tight. Then, by replacing ¢* = By Uh T ]P,(S/j‘o)u — ]f’l;,((zzl“g))ph(Oﬁ),

and recognizing terms, we can re-write problem (20) as

max g(;gi v + ﬁi((ss?g)) u— ]]};((zﬂg)) pr(0,0) —w+ By — g(0 — q) +~v(1 = B)
st P(un|sn, O)vr +P(ui]sn, 0)u < pr(0,0) (IC2)
(1= B)vn + Pu+ g((;?) 7 < pu(0,0) (IR) (24)

0<u
(P(s:]0) — B)u < (1 = B)vn —P(s4|0)ps(0,0).

From S ];,((Ss’;":)) > 0, for any 0 € [%, 1], it follows that u must attain its upper bound at optimality. We show

that the fourth constraint is not tight at optimality, hence (I R) must be tight. We have three possible cases.

o If 3> 1, then P(s;|0) < f3, therefore u must be such that either the (/R) constraint is tight, or the
(IC5) constraint is tight. In the latter case, we have already shown that it implies that, without loss of
generality, we can assume that the (IR) constraint is also tight, and we are done in this case.

e If =1, then the fourth constraint in problem (24) reduces to 0 <0, i.e. it is vacuous.

e If 3< 3 and 6 <1, then we have (P(s)]0) — Bu= (28— 1)(1 — )u < (28 — 1)(1 — O)v, = (1 — B) —
P(s,]0))vi < (1 — B)vy, — P(s4]60)pn(0,0). Namely, the fourth constraint in problem (24) is redundant.
Hence, the logic of the first bullet point applies.

This completes the proof. [
Proposition 4. The distributor can induce the retailer to implement strategy (¢) from Theorem 1 if and

only if

mm{ph(o,e) —’Uhl_ﬁ —, P(Sl‘a) ’ ph<0,9) _th(Uh|Sh7€)} 20
B B P(s,0)8" P(vi]sn,0) P(vi]sy,0)
Given that the distributor is interested in inducing the retailer to choose strategy (c), she mazximizes her

profits by charging ¢ = p,(0,6) and not giving any refunds to the retailer, i.e setting u®=0.

pEADE
In this case, the distributor’s profit is I =P(s,]0)(pr(0,0) — w) +~P(s1,v4|0) — 7,

Proof. In strategy (c), the retailer sets r =0, p = p;,(0,6). Then, P(B(v;,,v;,)]0) = P(s4|0), P(R(vy,vp)|0) =

0, and P(S(vp,,v1,)|0) =P(sn, v,|0). Moreover, from Assumption 2 it follows that the retailer will never choose

strategy (a) in Theorem 1.
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Then, the distributor determines the optimal price ¢*, and refund u*, by solving
max  P(s,]|0)(c—w) +~yP(sp,v1|0)

st (1 =B)vn+ fu<P(s40)pn(0,0) +P(s;]0)c  (ICy)

P(vn|sn,0)vr, +P(v1|sn,0)u < py(0,0) (IC2) (25)
P(5110)(pn(0,0) —c) =, (IR)
0<u<e.

The objective function in problem (25) corresponds to the distributor’s profit in this case. Constraints (1C1)
and (ICy) ensure that II%, > I1%, and II% > I1%, respectively. Finally, constraint (IR) ensures that II$ > 7g.
Assume that the feasible set of problem (25) is non-empty. Then, note that the (IR) constraint must be

tight at optimality, otherwise we could increase ¢ without bound, strictly increasing the distributor’s profits.

Assume that the (IR) constraint is tight. Then, by replacing ¢ = p;,(0,0) — ﬁ, and recognizing terms,
we can re-write problem (25) as
max P(s,10)(pn(0,0) —w) +~P(sp,,v,|0) — 7.
pn(0,0)  1-8  P(s6)
st. wu <P —v T, 1C
=75 T"F TRees (Y -
pi(0,0) P(vnsn,0)
u < — vy, IC
(Uz|3h, ) P(v;|sn,0) (1Cz)
7r
0< 0,0) — ———.
<u<pn(0,0) Bl ]0)

Note that, assuming that the feasible set of problem (25) is non-empty, then setting u¢ =0 will be feasible.

Moreover, the feasible set of problem (25) is non-empty if and only if

min{ph(o’o) O St P(s:10)  pn(0,9) P(on]sn,0) } >0.

o ) v
B B TEGl0)B Plulsi6) " Flulsi.6)
Namely, if both upper bounds for u defined by the constraints (/C;) and (IC5) in problem (26) are non-

negative. This follows from the observation that the third upper bound on u in problem (26) is redundant

with (ICy). Specifically, if < 1 then we have that
T pr(0,0) 1-p P(s]0) )
0,0)— — —v -,
(00~ i) - (25 -0 5 -mpiais
P(sn]60)(1 — B)(vn — pn(0,0)) + 7. (P(s:]6) —
P(s,[0)8
The inequality follows from v, > p,(0,8), and P(s,|0) > g for any 5 < % On the other hand, if 5> % then

(ph(o,e)_ (7“ )_ <ph(079) R Sl S {C/1) )

Ao

P(s,0) B B P(s110)3
_ P(snl0)(1 = B)(vn — pn(0,0)) — 7 (8 = P(s1]0))
P(sn10)8
< P(snl0)(1 = B)(vr —pn(0,0)) — (1 = B)(vn —w)(B ~ P(s:]0))
- P(s[0)8
_ (1= B)((P(vn, sn|0)vn + P(v1, 51 |0)w — P(54|0)p1(0,0)) + (vn — w)P(vs, 51|0))
P(s1|0)8
> 0.

The first inequality follows from P(s;]0) < 8 for any 5 > %, and taking the upper bound on 7, from Assump-
tion 1 (i.e. 7. < (1—f)(vy, —w)). The second equality follows from (8 —P(s,|0)) = (1—28)(1—0) =P(vy, s,|0) —

P(v;, s,|0), and rearranging terms. The last inequality follows from v, > w, and Lemma 2 below. O
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Lemma 2. For any information accuracy 0 € [%, 1] , we have that
P(vn|sh,0)vn + P(vi|sh, 0)w > pr(0,0).
Proof. From the definition of py(r,0) in (5), the statement in the lemma is equivalent to
hi(0) :=P(v;|sp,0)e™*" +P(vy|sp,0)e™ " — e Fonlsn,O)vn+P(uilsn,0)w) > ()

We now show that hy(6) is quasiconcave for any 6 € [$,1]. Specifically, note that A} (6) > 0 if and only if
ha(0) := e~ — vt 4 e~ (Flunlsn O)vn+P(vilsn0)w) o (v, — w) > 0, which is decreasing for any 6 € [3,1].
It follows that we only need to check the statement of the lemma at the extremes values of 6 € [%, 1]. In

particular, if § = %, then the statement becomes (1 — 3)v, 4+ fw > p, (0, %) =p (0, %) This inequality strictly

holds, since from Assumptions 1 and 2 we equivalently have p, (O7 %) —w <7, <(1-p)(v, —w). Finally, if
0 =1 then the statement in the lemma becomes v, >v,. O

Proposition 5. The distributor can induce the retailer to implement strategy (d) from Theorem 1 if and

only if

. Es >max{ ph(O,Q) . ]P)('Uh‘sh,a) o 0}
P(Sh‘e)(P(’l}h|Sh,9) —P<’Uh|81,9)) - P(Ul|8h,9) ]P’(Uh\sh,@)vh ’

Given that the distributor is interested in inducing the retailer to choose strategy (d), she mazimizes

Up,

her profits by charging ¢ = v, — W, and giving the partial refund to the retailer u? = v, —

T d
P10 Flonlon @) FConsra) ~
In this case, the distributor’s profit is IIM™ =P(s,,|0)(P(vy|sn, 0)vn + P(vi|sn, 0)y —w) +v(1 — B)g — 7,
Proof. In strategy (d), the retailer sets r = v, , p = pun(v;,0) =~ v,. Then, P(B(vs,v,)|0) = P(s4]0),

P(R(vn,vi)|0) =P(sn,v1|0), and P(S(vp,,v1)|0) = P(sy,v]0). Moreover, from Assumption 2 it follows that the

retailer will never choose strategy (a) in Theorem 1.
Then, the distributor determines the optimal price ¢*, and refund u*, by solving
max P(s,]0)(c—w) —P(sp,v:|0) (v —y) +P(sn, vn|0)
st P(s5]0)(P(vn|s1,0) (v, — ) +P(vy]s1,0)(u—c¢)) <0 (I1Cy)
P(vn|sn, O)vn +P(vi|sn, 0)u > pn(0,0) (IC2) (27)
P(s110)(P(vn]sn, 0) (vn =€) +P(u]sn, 0)(u—c)) Zm  (IR)

0<u<ec
The objective function in problem (27) corresponds to the distributor’s profit in this case. Constraints (1C})
and (ICy) ensure that 1% > 115, and 1%, > I15, respectively. Finally, constraint (I R) ensures that I1% > mg.
Assume that the feasible set of problem (27) is non-empty. Then, note that the (IR) constraint must be
tight at optimality, otherwise we could increase ¢ without bound, strictly increasing the distributor’s profits.
Assume that the (IR) constraint is tight. Then, by replacing ¢® = P(v,|sn, 0)v, +P(v;]sn, 0)u — 5y and
recognizing terms, we can re-write problem (27) as
max P(s,|0)(P(vs|sh, O)vs +P(vi|sn, 0)y —w) + (1 — B)g —,
Ty
P(s1,10)(P(vn|sn, 0) — P(vnlsi,0))
pu(0,0)  P(vals,0) (28)
= P(v|sn,0)  P(vn|sn,0)von n (ICz)

T

(5n|0)P(vn|sn, 0) '

s.t. u<wv, —

Ogugvh—P
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Note that, assuming that the feasible set of problem (27) is non-empty, then setting the refund equal to its

upper bound u¢ = v, — P(Sh‘e)(P(UMS:TG)—P(”h‘Slae))7 will be feasible.

Moreover, the feasible set of problem (27) is non-empty if and only if

. T, e pn(0,0)  P(vnlsn, )
" P(Sh\Q)(P(UHShﬁ)—P(Uh|8179))Z { }”0}'

P(vi[5n,0)  P(un|sn,0)vn

Namely, if the upper bound for u defined by constraint (IC}) in problem (28), is larger than its lower bounds
defined by constraint (IC5) in problem (28) and zero. This follows from the observation that the second
upper bound on u in problem (28) is redundant with (ICy). O

Proposition 2. Let ©:=[1,1], Y :=[0,w]. Additionally, let LOG(y,7x), INFO(v,7r), and MIX (v,7g),
be the partition of © XY given by

LOG(v,mr) :={(0,y) €O xY :y >max{gr:(0,7)Lis,0,mm)03 9220 (0,7) Lisas (0mm) >0 } |+ (17)

INFO(77WR) = {(gay) €OXY: fl(oﬂTrR) Z O7y S min{glJ(ga’7)79]%1(0)]]'{/'1\4(9,#3)20} + w]]-{f'M(9,7rR)<0}}} )
(18)

MIX(y,mg) = {(Q,y) €OxXY: fy(0,mr)>0,900(0,7) >y > glwl(o)]]-{fl(e,wR)ZO}} . (19)

Then, if (0,y) € LOG(vy,7r), the dominant strategy for the distributor is the pure logistics strategy Log; if
(0,y) e INFO(vy,7r), the dominant strategy for the distributor is the pure information strategy Info; and if
(0,y) € MIX (v, mRr), the dominant strategy for the distributor is the mized strategy Miz. Moreover, the sets
LOG(vy,7r) and MIX(y,7r) are guaranteed to be non-empty.

Proof. From the definitions of ITjy?, TI}3*, and IT¥* in Theorem 2, as well as gz (0,7), and ga;(6) in
equations (14) and (15), respectively, it follows directly that II%? > IIM* if and only if s > g, (6,7), and
M > T137° if and only if y > gar(6).

Additionally, note that

Hlbog Z HIano
<~ P(vp)vn +P(v))y — w++P(v,) —P(84]6)(pn(0,0) — w) — yP(vy,, s,10) >0

< P(vn)vn +P(v))y — P(s1]0)w + vP(vp,, 5:0) — P(s,]0)px(0,6) >0

Plonlsi,0) 4 _ _ Plonlsn, 6)
Porls,0) " 7 )>+(1 9)<ph(0’9) P(v,|5n,0)

= y>g.:1(0,7).

(0=, (0.0))

= y>0(w—

Then, 1157 = max {I15*, I3 14, (0)0, 1N 1, 0501 } if and only if 7 > 15" 1, s)>0y and II57 >
Y14y, 0)>03, Or equivalently y > gr.r(0,7) 1y, 0)>01 and y > grar(0,7)1 s, 6)>0;- This completes the char-
acterization of the set LOG(vy,7r). The characterizations of the sets INFO(vy,7r) and MIX(y,7g) are
analogous, and are ommited for the sake of brevity.

Now we show that the set LOG(y,7r) is guaranteed to be non-empty. Note that g (6,7) < w,
for any 6 < 1. Moreover, from Lemma 2 it follows that gu;;(f) < w, for any 6 < 1. From the def-
inition of gra(60,7) in equation (16), it then follows that gr;(6,7) < w, for any 6 < 1. Therefore,
max{grr(0,7) 1. 0501, 9m(0,7) L5, 0)501 } < w, for any 6 < 1. Hence, (0,w) € LOG(v,7r), for any 0 €

[5:1]-
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To conclude, we show that the set MIX (y,7x) is guaranteed to be non-empty. In particular, if § =1 then
fr(1) =0, far(1) = vn — 75 >0, gra(L,7) = w, garr(1) = 0. Hence, (1,s) € MIX(v,mg), for any s € [0, w].
g
Corollary 4. Let nk, n%, be such that m), > 7% > 0. Then LOG(v,7%) C LOG(v,7%), for any v > 0. Namely,

a more profitable retailer’s outside option makes the distributor more likely to select the pure logistics strategy

Log.
Proof. We define the following functions in order to simplify the notation and exposition. Let,
0,0 1-— P(s,]0 0,0 P 0
hi(0,75) = pa (0, )—Uh p —, (s:10) . ha() = pr(0,6) —u, (Un|sn, )
5 ﬁ ]P)(Sh|9)ﬁ IED(UZ|S}”0) P('I}l|8h7€)
f1(0,mr) _ _ P(s119) ofm(9) _
Note that, for any 6, “T5 2 = —5CiG Lo emmsna) € 0, "5 = ~Bem@mim ) P < O

Therefore, for any 7}, > 7% >0,

max {gu(e, ’Y)]l{ff(gm}%)zo} , g (0, V)I{fﬂ/j(gyﬂ-}%)zo}} 2 max {ng(G, ’Y)]l{fj(gmg)zo} NSICE V)I{fM(e,,,g%)Zo}} :
Hence, we conclude LOG(v,7%) C LOG(v,7%) for any 7y > 7% >0. O
Corollary 5. Let 1, 72, be such that v; > 3 > 0. Then LOG(ya,7r) C LOG(v1,mr), for any wr > 0.
Namely, a larger weight on product adoptions by satisfied customers makes the distributor more likely to
select the pure logistics strategy Log.

Proof. From Proposition 2 we have that MIX(v) is non-empty. It follows that there exists a 6 € [%, 1]
such that max{g.1(0,7)1s,(6)>03: 9rar(0,7) L5, 0)>03 } > 0.

Note that, for any 6, ag“gf”) = —ﬂ;((?;lljll’g)) < 0. Therefore, %ff’”) = —qw < 0. Hence, for any
. omax{grr(6,7)1 ) (6,7)1 }
9’ elther maX{gLI(o,’7)]1{f1(9)20},gLM(H,'Y)]]-{fM(Q)ZO}} _ O, or gr1(0,y {fI(G)Zaopi ILM\UY) L {frr(0)>0} < O

Hence, we conclude LOG(vy2) C LOG(7;) for any 41 > v, >0. O
Proposition 1. For any vy, let r* = argmax, Iz (r,vg). Then, 0 <u <r* <p(r*,v9). Namely, partial refunds
are optimal for the retailer.
Proof Recall that
p(r,v0) = —é In (]Ee[e’amax(“°+€’”)|9]) .
o)e2
_, <q> () e 8) (1 (1t +m))> W

Then, 9,p(r —vy) can be compactly written as

6 (g% +avT=00)
1—@(%04-04@0)
s taT=00)  o(s%)
1-@ (% +avT=0o) +<1>(;%;>0)

(30)

Opp(r —wg) = ¢(

We now show that 0,p(r,vg) > P(vg + € < 7). By definition, P(vg+e<r) = (Hg). Then, from Equation
(30) we have that

o (=28 +av1=00) o

(
r— o r— o 1-@( 2 t+avI—bo) 1-@
Bp(r —vp) —® (—— ) = (1-®
plr o) <m0> ( (ma» o(Gihy +ovT=00) ¢<( %

1—<1>( e +a\/ﬂa) ®
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Figure 9  Simulation results for a moderate margin product, where w =2, =3, 0 = 1.5, and o = 3. Plots of the
distributor’s objective value, retailer’s profit, and fraction of satisfied customers as a function of the salvage value
y, and the accuracy of the information to the consumers 6. Includes the case when the distributor does not value

satisfied customers (top row, v =0), and when it does (bottom row, v =1).

Furthermore,

arp(’r7 UO) > ]P)(UO +€ S T) 2 ]P)(VO +€ S TH/O Z UO)'

Then, we have

0,1 (7,v0) = 0.p(u, v0)P(Vy > vg) — (r —u)0,P(Vo > o,V <71) —=P(Vo > 00,V <)
>P(Vo+e<r|Vo>v9)P(Vo >wv) — (r —u)0,P(Vo > o,V <71)—P(Vh > g,V <u)
=(u—7)0,P(Vy >vo,V <r),

and 0,11z (r,v9) > 0 for any r < u. Finally, from the definition of p(r,ve) we conclude that p(r,vy) > r, for

any 7. In particular, p(r*,vo) > r*. This completes the proof. O
Appendix B: Simulations for a moderate margin product

We calibrated the simulations presented in this section using data from a popular solar flashlight sold by
Essmart. This solar flashlight’s wholesale price ¥150 (around US$ 4) and is high margin product for both
the distributor and the retailer. It is also a product with a high adoption potential, since the majority of
households targeted by Essmart have limited access to electricity. Given the price point of the solar flashlight,
Essmart estimates that about 80% of their consumers would be willing to purchase this product. Essmart
also perceives consumers to be moderately averse towards purchasing this product, since there are cheaper
alternatives (such as kerosene lamps). Both returns and warranties are available for this product.

Figure 9 shows that all the insights discussed in Section 5.4 for a low margin product are even stronger

for a moderate margin product. We avoid repeating the discussion here for the sake of brevity.



