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Abstract

We consider a model of supplier-buyer relationships in agro-food supply chains with
fairness concerns. Motivated by the life conditions of farmers in developing countries,
we develop a game theoretic model to study the impact of the fairness considerations in
investment and pricing decisions. We propose a Stackelberg game in two stages, where the
pricing stage is lead by the supplier and we study the differences of having each player as
leader in the investment stage. We provide closed form solutions for the optimal wholesale
and retail prices, and propose an algorithm to find numerical solutions for the optimal
investment levels. Through a numerical study, we show that the total supply chain profit
is mainly redistributed through adjustments in the wholesale price, driven by the level of
social concern shown by the buyer. The value of this parameter is critical for the buyer,
as very high values can be harmful by resulting in negative profits. Similarly, we found
that high concerns from the supplier towards disadvantageous inequity are harmful for
everyone. Finally, we apply our model to a case study of a Mexican coffee retailer and
provide evidence that social responsibility and profitability are not mutually exclusive.



Summary

Worldwide, the work and life conditions of farmers in developing countries are very poor.
They struggle in many different levels, from lack of tools and equipment to make their
production process more efficient, to the loss of their production for a lack of retail chan-
nels to distribute them. And those who succeed in selling their products are usually paid
a very low price that keeps them in a condition of poverty. Institutions such as the Food
and Agriculture Organization of the United Nations identify a need to support these
farmers for micro and macroscopic reasons. At the microscopic level, it is clear that it is
undesirable to have all the people working in agriculture in conditions of poverty, where
they struggle everyday and can hardly make a living for themselves and their families. At
the macroscopic level, the projected population growth until 2050 requires a significant
increase in food availability throughout the world. There are many initiatives aimed at
fulfilling this projected need, and one is focused on supporting farmers through invest-
ments to increase their productivity.

In this work, we focus on the microscopic level that concerns the social welfare of the
agricultural workers. To this day, the research on this topic has remained limited due to
different reasons. Among the main ones is the difficulty in quantifying and measuring
social constructs. However, a second important reason is that these initiatives are often
associated to charity and thus deemed unprofitable. In this work, we propose a model
to incorporate fairness considerations in supplier-buyer relationships in agro-food supply
chains. The main objective is to propose a mechanism that will encourage a fair profit
distribution between producers and their buyers. This way, not only will the social wel-
fare of the suppliers be increased, but it will also put them in a condition to invest a
proportion of this profit to improve their production process by reducing their costs.

To address this problem, we consider a non-cooperative game theoretic setting with
a model in two stages. In the first stage, both players have to decide sequentially on how
much they will invest to reduce the farmer’s production costs. For this, we consider two
settings: one where the supplier is the leader of the game and the other where she is the
follower. In the second stage, both players decide again sequentially their prices. Here
we only consider the setting where the supplier is the leader and moves first by setting
her wholesale price, to which the buyer reacts by choosing a retail price.

Furthermore, we consider a setting with deterministic demand and supply. We model
the game considering that each player’s objective is to maximize his individual utility.
Each player earns a profit from the purchasing transaction of the crops, but they also
suffer a disutility if the profit they earn deviates from what they should be earning for
the allocation of the total supply chain profit to be considered fair.
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We provide some analytical results on the behavior of the model, which we complement
with a numerical study. The main findings show that the profit allocation mechanism is
highly dependent on the value of the disutility that the buyer experiences from earning
more than what is fair for him. We provide insights on how the leadership of the invest-
ment game affects the contribution of each player, but not the optimal value of the total
investment. We also show that each player will be motivated to invest more when the
parametrization favours him to earn a higher proportion of the total profit. Finally, we
found that it is detrimental for every player when the supplier is highly concerned about
suffering disadvantageous inequity.

Subsequently, we apply our model to a case study of a socially responsible coffee re-
tailer in Mexico City. The outcome of this case study provides evidence that paying a
higher price to the farmers allows them to improve their financial situation and enables
them to invest in their own production process without having to request loans that usu-
ally charge very high interest rates. The model also provides a useful framework for the
stakeholder to decide their optimal prices to support their socially responsible practices.

Overall, this work shows the potential benefits of incorporating social reponsibility
in supplier-buyer exchanges in an agricultural setting. It also identifies that being ”too
socially responsible” can be detrimental, so it is important for the big companies to find a
healthy balance between their own interests and their concern to empower their suppliers.
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Chapter 1

Introduction

Sustainable development is defined by the World Comission on Environment and Devel-
opment (Brundtland, 1987) as a “process of change in which the exploitation of resources,
the direction of investments, the orientation of technological development, and institu-
tional change are made consistent with future as well as present needs”. From this
definition, it is clear that sustainability encompasses several dimensions that relate to
the activities of governments, businesses and non-profit organizations. In the context
of corporations, Elkington (2004) coined the term Triple Bottom Line to refer to the
interrelations between the economic value that these add, and the environmental and
social value that they add or destroy. The acronym PPP (people, profit, planet) is used
interchangeably.

Every corporation needs to be profitable to survive, hence the economic dimension of
the Triple Bottom Line has received the attention of numerous research studies in the
field of Operations Management with the general objective to reduce costs and increase
profits. In recent years, the increasing evidence of the anthropogenic influences on climate
change has shifted the attention towards the effects that supply chain activities have on
the environment. This has lead to a new research stream that includes environmental
goals, such as minimizing greenhouse gas emissions, water usage or waste. Although the
issue of climate change is far from being solved, this aspect of sustainability has been
given more attention than the social dimension, mainly because of the difficulty in quan-
tifying social impacts and the lack of standard measures (Tang and Zhou, 2012; Lee and
Tang, 2017).

However, Operations Management is not the only discipline that struggles with the
social dimension of sustainability. Social objectives are hard to include in sustainabil-
ity projects in general because the social dimension does not have a clear and accepted
definition (Vifell and Soneryd, 2012). In an attempt to develop a clearer understand-
ing of the social pillar of sustainability, Murphy (2012) identified four social concepts
as part of a framework to evaluate social sustainability: public awareness, participa-
tion, social cohesion, and equity. This last concept, equity, refers to the “distribution
of welfare goods and life chances on the basis of fairness”. The notion of fairness has
its roots in various disciplines such as psychology, religion, philosophy, economics and
political sciences (Konovsky, 2000). Hence, it has a range of meanings and dimensions
in accordance to each of these disciplines. In the context of social sustainability, fairness
describes practices and policies which are inclusive and, therefore, widen the status and
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practice of citizenship (O’Brien, 2011). Another concept that is tightly related to equity
and fairness is that of justice, which has been studied since times of the Ancient Greece.
Among the first to talk of justice was Aristotle, who said that “justice consists in what
is lawful and fair, with fairness involving equitable distributions and the correction of
what is inequitable”(Nyquist, 2017). Given the overlap between the concepts of equity,
fairness and justice, in the remainder of this document we will use them interchangeably.

Equity has strong causal effects on other social indicators (Jones, 2009). First, a
higher level of equity in income and assets can contribute to incorporate disadvantaged
groups in the market and allow them to contribute to growth through investment, also
leading to poverty reduction (Jongwanich, 2007). Second, inequity gives way to forms
of collective behavior that impede growth, such as social protests. In contrast, equity
can increase levels of trust, which has also been linked to economic success (Harrison
and Huntington, 2000). Alesina and Drazen (1989) also related equity to social cohe-
sion, argueing that societies with substantial inequities between groups have difficulties
agreeing on public goods such as infrastructure and education. Thus, promoting equity
is expected to have a positive impact in both the economic and social welfare of people.

The benefits of including equity considerations in supply chain operations is particu-
larly relevant in the context of developing countries. According to the Overseas Devel-
opment Institute (Jones, 2009), there is considerable inequity in developing countries in
the form of inequitable access to services and income inequity. In these countries, around
55% of the propulation lives in rural areas (Heinemann et al., 2011), and an estimated
86% of these people consider agriculture as their main source of livelihood (Bank, 2007).
All the potential benefits of increasing equity in developing countries could benefit a large
proportion of the total population if the efforts are focused in agricultural practices.

Currently, agriculture in developing countries operates in a context of low global prices
for food products and unfavourable domestic environments characterized by low levels of
investment in agriculture, inappropriate policies, weak rural infrastructure, inadequate
financial services, lack of reliable markets and little available pricing information. For
these reasons, it is often unprofitable for small holders to engage in agricultural practices,
which is contradictory as this constitutes the main activity that they can do for a living.
The low prices paid to producers of agricultural products and low levels of investment
in agriculture of developing countries are examples of the inequity present in this con-
text. Furthermore, this lack of investment translates into low productivity levels, as the
producers stay behind in terms of technology adoption to make their production process
more efficient and reduce production costs by taking advantage of economies of scale. In
some cases, the investment is not even required for the acquisition of new technologies,
but to cover more basic needs such as fighting plant diseases or getting access to fertilizers
(Hallam, 2009).

Reports of the Food and Agriculture Organization of the United Nations (FAO) ac-
knowledge the importance of agricultural investment as an effective strategy for the de-
velopment of rural areas. Furthermore, the global agricultural sector currently faces a
challenge to meet increasing demand, as the world population is expected to rise from
the current 7.6 billion to 9.8 billion by 2050 (DeSA, 2017), which represents an increase
of almost 30%. Hence, there is a renewed interest in increasing agricultural investment
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to increase productivity, food availability, employment creation, poverty reduction, tech-
nology transfer, and access to capital and markets. Apart from public investment, these
challenges require an increase in private investment, particularly in investments made by
the farmers themselves (Liu, 2014).

In this thesis, we seek to understand how social fairness can be incorporated in the
decision making processes that take place between suppliers and buyers in agro-food sup-
ply chains. Particularly, our goal is to study the effects of the inclusion of these fairness
considerations in the investment and pricing decisions of both parties. As we identified,
there is an increasing need for investment in agriculture in developing countries which
might come from different sources, including private companies or the farmers themselves.
However, the latter are often financially restricted, and it is not clear whether receiving
a fair share of the supply chain profit will represent an incentive for them to invest. Sim-
ilarly, private companies might find themselves motivated to make an investment if they
have high fairness considerations. Also, it is of our interest to understand how suppliers
and buyers will contribute to the total investment depending on their available capital,
fairness considerations and the contribution of the other player.

The main research questions that we seek to answer with this project are:

• How can higher levels of equity be achieved in supplier-buyer relationships in agro-
food supply chains?

• How is the performance of suppliers and buyers affected by the redistribution of
profit based on fairness considerations?

• Do fairness considerations constitute an incentive for the parties to invest in im-
proving the efficiency of their production process?

The remainder of this work is organized as follows. In Chapter 2 we review the existing
literature in relation to our problem and position the contributions of this work. Chapter 3
presents the model we propose to study this problem, and an analytical approach to solve
this optimization problem. In Chapter 4 we present a numerical study to complement
the understanding of the behavior of the model and the implication of including fairness
concerns in the optimal solutions, together with the description of a case study that
we use to apply our model in a real life situation. Finally, we present our conclusions,
limitations and ideas for future work in Chapter 5.
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Chapter 2

Literature review

The problem that we address with this study concerns social responsibility in supply chain
operations. Underlying this topic is the research in other disciplines such as economics,
marketing and social sciences. In this section we review the existing related literature
to identify research gaps and position the contribution of this research in the field of
Operations Management. First, it is important to study the literature on value creation
in social enterprises to understand the drivers for implementing these practices. Then we
focus on how social responsibility and supplier-buyer relationships have been addressed
in a supply chain context, in general and with considerations of fairness.

2.1 Value creation in social enterprises

Corporate social responsibility (CSR) can be applied in different aspects of supply chain
operations. Maloni and Brown (2006) developed a framework of CSR applications in
food supply chains. They combined research from Ethics, Purchasing Social Respon-
sibility (PSR), and Logistics Social Responsibility (LSR) fields with industry trends to
develop their model. Their findings suggest that ignoring supply chain CSR issues can
represent a great risk for companies in the form of financial burdens as consequence of
public campaigns or protests against unsustainable practices. Hence, they recommend to
proactively invest in preparing a strategy for supply chain CSR, rather than paying the
costs of the negative publicity. In their model they include eight categories of CSR in
the food industry: animal welfare, biotechnology, health and safety, environment, com-
munity, labor and human rights, procurement, and fair trade. This last dimension is
based on the premise that food retailers should pay to the suppliers enough to prevent
poverty and sustain business longevity. They also identified that the food industry is
facing a rising public concern on fair trade practices. Kalkanci et al. (2012) performed
a series of consumer choice experiments that suggest that voluntary disclosure of social
and environmental impacts can boost a firm’s market share.

Moreover, companies are recognizing the need to develop the emerging market by
helping the poor break their poverty cycle so they become their consumers in the future
(Tang and Zhou, 2012; Lee and Tang, 2017). Poverty reduction can be achieved through
mechanisms such as microfinancing, which help microentrepreneurs grow their businesses
and boost local economies, along with non-economic benefits such as empowerment and
increased social cohesion. Another mechanism is the creation of employment opportu-
nities in low-skill sectors. In addition, productivity needs to be increased so that wages
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2.2. Social responsibility in supply chain operations Chapter 2

can be increased as well, and this can be achieved through investments in equipment and
information systems. The income of the poor can also be raised by increasing the effi-
ciency of the markets, which often fail to capture the full value of products and services
in developing countries (Karnani, 2007).

Markley and Davis (2007) provided some positive examples of the effects of having a
social/ethical focus. When McDonald’s agreed to raise by a penny the price they paid
per pound of tomatoes, the wages of the migrant workers who harvest the tomatoes was
nearly doubled. Another example is the Fair Trade initiative, which has shown to have a
positive impact on the financial situation of coffee farmers by guaranteeing that they are
paid a minimum price (Ponte). All these examples and opportunities serve as motivation
for firms to establish more socially responsible operations with agro-food producers in
developing countries.

2.2 Social responsibility in supply chain operations

Regarding Operations Management research in socially responsible value chain innova-
tions, Lee and Tang (2017) identified that some research works have approached the
topic, but there are still many open research opportunities, especially in the context of
developing economies. One example is the work by Sodhi and Tang (2014), in which
they provide stylized models as a basis for further studies to develop supply chains that
include poor people as suppliers or distributors with the objective to alleviate poverty.
They modeled the value of direct purchase and direct market access by considering a
farmer that sells a product through a serial supply chain with a variable number of mid-
dlemen. They used a nested model to determine the optimal wholesale and retail prices
set by the farmer and middlemen, respectively, to maximize their profits. By analyzing
this model, they showed that each additional echelon translates into a lower profit for the
farmer and higher price for the final customers.

They also modeled the value of search cost reduction for a microentrepreneur that
needs to search for a customer to sell one unit of his product. By introducing a search
cost and a threshold for the minimum price that he is willing to accept, they showed
that the micro-entrepreneur will increase his earning if he uses information technology to
reduce his search cost. This is beneficial for small producers of perishable products that
do not have access to technologies to extend their products’ life, such as refrigerators,
and by reducing the search cost they have access to a service that will help them find a
customer that will pay at least their minimum price in a timely manner.

Another model proposed in this paper shows the impact of price information and an
alternative channel in the context of Indian markets. These are characterized by farmers
who need to pay agents to display their products and often, the lack of information by
the farmers enables the agents to treat them unfairly, pay them low prices or not to pay
them within a reasonable time frame. The proposed model maximizes a farmer’s profit
under price uncertainty and with risk aversion, showing that the optimal expected utility
is decreasing in price uncertainty. As an extension to this model, the authors introduce
an alternate channel with a pre-announced unit price and show that this option allows
the farmer to obtain a higher profit. The main takeaway is that providing market price
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information and offering an alternative sales channel results beneficial for both the farmer
and the buyer.

Finally, they modeled a hub-and-spoke distribution strategy by using a distribution
network with one central warehouse or hub and a variable number of local entrepreneurs
(spokes). By considering an order up-to level policy, they modeled the expected total
inventory and the associated cost. Then they extended the model to introduce a piggy-
backing strategy, which consists of the spokes referring customers to the central hub, and
proposed that each strategy is effective in different scenarios. This work also identified
different types of micro-finance models for the poor to obtain loans and finance their
working capital. Although all the proposed models are at a basic level, they provide an
insight into all the research areas that are yet to be addressed in this context.

A common practice among agro-food producers is to aggregate into cooperatives to
join their efforts and act as a single, empowered entity. An et al. (2015) studied the
benefits that individual farmers in emerging markets can obtain from such aggregations.
They showed that the members of the cooperative can reduce production costs, increase
or stabilize their production yield, increase brand awareness, eliminate unecessary inter-
mediaries and eliminate price uncertainties. They also studied the effects that focusing
on each of these objectives has in the market in terms of the achieved production out-
put, including the effects on the individuals who choose to stay out of the cooperative.
Although in some cases these are beneficial to the market as a whole, some others might
result hurtful for the individuals who choose not to join the cooperative.

Other approaches have considered social responsability as a cost incurred to intro-
duce it in decision making processes. An example is the work by Cruz (2008), who
developed a supply chain network equilibrium model incorporating social responsibility
and environmental impact. They included different levels of social responsibility activi-
ties between buyers and sellers and risk management, which they quantified with values
in the range [0,1]. The model also considers the costs incurred to achieve a certain level
of social responsibility and the manufacturer has to decide his production levels seeking
to maximize his profit and minimize his emissions and risk. Here, they assumed that the
emission function depends, among other variables, on the levels of social responsibility
activities. Similarly, Hsueh and Chang (2008) modeled a three-tier supply chain network
to investigate the behavior and profits in three different systems: centralized supply chain
network, decentralized supply chain network, and supply chain network with corporate
social responsibility (CSR). Their results showed that total profits of the whole network
can increase with or without coordination between the supply chain stages. As in the
model by Cruz (2008), social responsibility was included in the model as a cost with a
‘virtual benefit’ that is assumed to be greater than the adoption cost. Ni et al. (2010)
studied a social responsibility allocation problem in a two-echelon supply chain under
wholesale price contracts. In this setting, an upstream supplier invests in corporate so-
cial responsibility and then shares this cost with a downstream firm through a wholesale
price contract that increases in function of the CSR investment. They used a game theo-
retic analysis to determine who should be the social responsibility holder (responsible for
pricing the CSR performance in the contract) under different power structures, based on
economic or CSR performance criteria.
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To show the effects of incorporating socially responsible practices in supply chain
operations, Carter and Jennings (2002) studied the involvement of purchasing managers
in purchasing social responsibility (PSR). They performed an empirical study for which
they first developed a conceptual model of the consequences that PSR brings to a firm
based on literature. Afterwards they tested the model with data from a survey responded
by purchasing managers in consumer products manufacturing industries. Their results
suggest that involvement in PSR practices result in increased commitment to relation-
ships with suppliers and increased trust in them.

Another approach to including social responsibility within the context of a supply
chain consists of including social impacts in product life cycle assessments (LCA). Norris
(2006) used human health as a social indicator for a LCA and recognized the lack of
standard metrics to measure social impacts. Hunkeler (2006) and Dreyer et al. (2006)
developed similar studies, emphazising that methodologies are available for societal life
cycle assessments, but that a lot of work still needs to be done in clarifying social indi-
cators.

2.3 Supply chain operations with fairness considera-

tions

The previous section includes works that have addressed social responsibility as a whole.
In this section, we restrict ourselves to works concerning measures or perceptions of fair-
ness.

Several authors have proposed conceptual and structural equation models of supply
chain relationships taking into account fairness considerations (Brown et al., 2006; Duffy
et al., 2013; Griffith et al., 2006; Kashyap and Sivadas, 2012; Gu and Wang, 2011; Liu
et al., 2012; Narasimhan et al., 2013). Some others have approached the same topic from
a game theoretical perspective (Ho et al., 2014; Wei and Tang, 2016; Wang et al., 2016;
Du et al., 2014; Katok and Pavlov, 2013), using as a starting point the copious research
that has been conducted in economics. Among these, game theory has often been used
to introduce fairness considerations in economic models (Fehr and Schmidt, 2001; Rabin,
1993) in the nature of preferences of the game participants - whether they act on the basis
of self-interest or if they are also concerned about the well being of other parties. Hence,
all these works consider fairness as a perspective, rather than a quantitative measurement.

On the other hand, a few studies have introduced approaches to quantify levels of
fairness in different contexts. Murray et al. (2000) proposed a measurement and an index
of fairness in financial contributions to the health system that is being used by the World
Health Organization. This index, among other variables, takes into consideration the
capacity to pay of a household. Although they did not provide numerical formulas, Savas
(1978) verbally described different calculations that can be used to equitably allocate
public services, such as providing equal inputs per district, providing equal inputs per
capita or providing equal inputs per unit of area.

Marsh and Schilling (1994) reviewed different alternatives to measure equity and in-
corporated them in facility location models. Examples of these measures include the
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2.4. Fairness in supplier-buyer relationships Chapter 2

Gini index (measure of statistical dispersion that represents the income distribution in a
population), a minimization of the difference between the best and worst groups in the
variable being measured, and Theil’s entropy coefficient of inequity (measure of economic
inequality). McCoy and Lee (2014) modeled three approaches to fair bargaining solutions
as used in game theory, but they used a quantitative measure of fairness to represent each
of these approaches and adapted the model of fair congestion controls proposed by Mo
and Walrand (2000) to a context of health delivery fleet management. The latter con-
siders a closed multiclass fluid network with a notion of proportional fairness in resource
allocation.

All these works evidence not only the lack of standarization in modeling fairness, but
also that the concept can have different interpretations between different disciplines and
within a single one, which is Operations Management in the context of our study.

2.4 Fairness in supplier-buyer relationships

Buyer-supplier relations have been exhaustively studied by the marketing research. Some
of the early authors in this discipline (Dwyer et al., 1987; Frazier, 1983) acknowledged
the importance of fairness in buyer-supplier relationships. Kumar et al. (1995) studied
the buyer’s perception of fairness and showed that it can enhance the quality of his rela-
tionship with the supplier. On the opposite perspective, Zaefarian et al. (2016) studied
the effects of a supplier’s perception of fairness and how it affects not only the quality of
their relationship by increasing their levels of trust and commitment, but also how it can
increase the supplier’s sales growth.

Poppo and Zhou (2014); Jambulingam et al. (2011); Kim et al. (2017) studied fairness
perception as a governance mechanism in the relationship between buyers and suppliers.
All their results suggest that fairness has an effect on the quality of the relationship. Em-
pirical models have showed that high levels of fairness perceived by both parties promote
successful buyer-supplier relationships through mutual knowledge sharing, continuous
commitment, and relationship investment (Liu et al., 2012; Duffy et al., 2013; Gu and
Wang, 2011).

Regarding game theoretic models, Du et al. (2014) developed a newsvendor model for
a supply chain in which both the supplier and the retailer have fairness concerns. These
are modeled by incorporating profit disparity into the utility functions. The analysis of
this model showed that the efficiency of the channel decreases with fairness concerns,
meaning that the buyer’s share will be larger when the supplier concerns less about fair-
ness. Another conclusion is that, in many cases, fairness concerns do not change the
status of channel coordination.

Akkrout et al. (1999) proposed a cooperative model that incorporates trust as a mu-
tual fairness equilibrium by using what they call ‘fairness functions’. For these, they
compute maximal and minimal profits for each party and calculate the deviation of the
actual profit from the mean of these two parameters. Then they introduce modified profit
functions where the fairness granted by the other player and the own level of fairness to-
wards the other player represent the feelings of trust. Finally, they provide expressions
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for the best response functions to the strategies adopted by the other player. Their in-
tersection represents the Nash equilibrium, but the authors argue that several equilibria
may exist, or equilibrium may not exist at all. The authors conclude by providing a list
of hypotheses that could be tested by using their proposed model, but provide no insights
on results such as the impact of the level of trust.

2.5 Outcomes

The review of all these papers shows the importance and potential benefits of incorpo-
rating social dimensions into supply chain operations. Some efforts have been made, but
the field is still widely unexplored and there are many opportunities to cover the gaps.
However, the challenge that this represents has also been made clear. As we stated in
Chapter 1, social constructs often have different meanings and interpretations depending
on the discipline that studies them. Even within one discipline, there is a lack of stan-
darization in the methods and indicators used to evaluate and measure social aspects.

Different disciplines and tools have been used to study this topic, but most approaches
are empirical given the challenges just mentioned. Also, many of the inputs considered
in these studies are based on perceptions of the stakeholders, rather than on objective
measures. However, taking into consideration the fact that one concept such as fairness
has a variety of meanings and interpretations, the question remains whether it is even
possible to measure such social contructs objectively.

Another takeaway from the literature review is the importance of linking these social
considerations with the economic pilar of sustainability. Social responsibility is important
by itself and deserves individual attention. However, any initiative with social consider-
ations will only be able to subsist over time if it proves to have a positive economic value
for those in charge of its implementation. Hence, showing the economic value of incorpo-
rating social responsibility in supply chain operations constitutes yet another challenge
to this stream of research.

The main objective of this research is to contribute to the literature on equity in
supplier-buyer relationships in the agro-food sector in developing countries. We propose
a model that incorporates fairness considerations in the profit allocation between the two
stakeholders and study how this affects the decisions made by using a game theoretic
approach.
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Chapter 3

Model

In this chapter, we propose a model to address our research questions based on the con-
text characteristics identified in Chapter 1 and the previous works reviewed in Chapter
2. We consider a situation with a supplier (S) and a buyer (B) in an agro-food supply
chain where they both have fairness considerations regarding the distribution of the sup-
ply chain profit.

As we identified in Chapter 2, a common approach to studying supplier-buyer rela-
tionships is through Game Theory. Then, to capture the interaction between supplier
and buyer, we propose a game theoretic approach based on a Stackelberg model. In
the interest of our research questions, we seek to modify the original problem setting
by introducing a buyer that is socially responsible and is thus concerned about paying
the supplier a fair price for her products. For this, we consider the economic model by
Fehr and Schmidt (2001), which also uses a game theoretic structure but incorporates a
disutility experienced by each player from earning a quantity different from what they
consider to be fair.

Our model consists of two stages. In the first stage, both players can make an invest-
ment in technology to improve the production process, resulting in a reduced production
cost per unit. In line with our context, we consider that it is possible for either party to
lead the Stackelberg game at this stage. The buyer, having a higher available capital, can
take the initiative to make an investment to support the supplier and see how she reacts to
his proposed quantity. On the other hand, motivated by her own needs but also restricted
by her available capital, the supplier might offer to contribute a certain amount to the
investment expecting that this will motivate the buyer to contribute as well. Afterwards,
the supplier will decide on her wholesale price and the buyer on his retail price, with
the objective to have a fair distribution of the total supply chain profit. Here, we only
consider the supplier as leader of the Stackelberg game to model a situation where the
socially responsible buyer empowers his supplier by allowing her to take the leadership
of the game. This structure is also inspired by the case study that we present in Chapter 4.

3.1 Notation

In this section, we introduce the notation that we use throughout the rest of the document.
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Parameters

Ui: total utility of player i, i ∈ {S,B}
πi: sales profit of player i, i ∈ {S,B}
Πi: total profit of player i, i ∈ {S,B}
Ai: initial available capital of player i, i ∈ {S,B}, Ai > 0
c(IT ): unit production cost incurred by the supplier, as a function of the total investment,
where IT = IS + IB
c0: unit production cost before investment, c0 ≡ c(IT = 0)
g: sensitivity of the investment, g > 0
D(p): total demand, as a function of retail price
a: potential market demand, a > 0
b: price sensitivity of demand, b > 0
αi: player i’s disutility coefficient of earning less than his fair profit share, i ∈ {S,B},
αi ≥ 0
βi: player i’s disutility coefficient of earning more than his fair profit share, i ∈ {S,B},
0 ≤ βi < 1
γi: proportion of the total supply chain profit that is fair for player i, i ∈ {S,B},
γS + γB = 1

Decision Variables

Ii: investment made by player i, i ∈ {S,B}
w: wholesale price paid by the buyer to the supplier
p: retail price charged by the buyer to his customers

3.2 Formulation

The buyer experiences a deterministic price dependent demand, D(p) = a − bp, which
also determines the quantity produced by the supplier and sold to the buyer. Hence, each
player earns a profit from this transaction.

πS = (w − c(IT )) (a− bp) (3.1)

πB = (p− w)(a− bp) (3.2)

For the cost function, we base on the literature about investments in technology,
research and development for production unit cost reduction. Several works (Kamien
et al., 1992; Hammerschmidt, 2006; Etro, 2007) consider a function of the form

c(IT ) = c0 − f(IT ) (3.3)

with f(IT ) < c0 and f(0) = 0. More specifically, we will use the function proposed by
Etro (2007), where

f(IT ) =
√
g(IS + IB) (3.4)
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Based on the model by Cui and Mallucci (2016), we consider that the total profit
of each player is given by the difference between his initial capital and the amount he
invests plus his profit from the sale.

ΠS = AS − IS + πS (3.5)

ΠB = AB − IB + πB (3.6)

Additionally, in line with Fehr and Schmidt (2001), each player experiences a disutility
if the profit allocation is unfair. For each player, two cases are possible:

• Disadvantageous inequity: occurs when a player receives a lower profit than his fair
share of the total supply chain profit (γi(πS + πB) > πi).

• Advantageous inequity: occurs when a player receives a higher profit than his fair
share of the total supply chain profit (πi > γi(πS + πB)).

The total utility functions for each player are given by:

US = ΠS − αS ·max{γS(πS + πB)− πS, 0} − βS ·max{πS − γS(πS + πB), 0}

= AS − IS +
(
w − c0 +

√
g(IS + IB)

)
(a− bp)

− αS ·max{(a− bp)
[
γSp− w + (1− γS)

(
c0 −

√
g(IS + IB)

)]
, 0}

− βS ·max{(a− bp)
[
w − γSp− (1− γS)

(
c0 −

√
g(IS + IB)

)]
, 0}

(3.7)

UB = ΠB − αB ·max{γB(πS + πB)− πB, 0} − βB ·max{πB − γB(πS + πB), 0}
= AB − IB + (p− w)(a− bp)

− αB ·max{(a− bp)
[
w − (1− γB)p− γB

(
c0 −

√
g(IS + IB)

)]
, 0}

− βB ·max{(a− bp)
[
(1− γB)p− w + γB

(
c0 −

√
g(IS + IB)

)]
, 0}

(3.8)

From these utility functions, we can see that each player can only experience either
disadvantageous or advantageous inequity at once depending on whether they are receiv-
ing less or more than their fair profit share. In the original model by Fehr and Schmidt
(2001), parameters γS and γB are taken to be whatever each player considers fair, so
in any given case they could both simultaneously think that their fair profit share is as
large as they want, e.g. γS = γB = 0.7. This means that fairness considerations are
based on the perception of each player, rather than on an absolute measure of fairness.
In Chapters 1 and 2, it was made clear that fairness is difficult to quantify and a standard
measure is not recognized. However, our modeling approach considers that this decision
of how much is fair for each player is exogenous and absolute, meaning that it does not
depend on the players beliefs and we require that γS + γB = 1. The idea behind this is
that an agreement can be reached between both players on how much of the total profit
each should fairly receive depending on different factors, such as their value added to the
final product, for example. However, this is out of the scope of this work and we only
consider γS and γB as given parameters.
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3.3 Optimization

The problem is formulated as a Stackelberg game, so for the optimization we use a
backward induction approach and solve Stage 2 first, where the supplier acts as leader.
This implies that we first set the optimal retail price p∗ in response to the wholesale price
set by the supplier, which is in turn a response to the investment levels chosen by both
players. In this Section, we show an analytical approach to the solution of this game.

3.3.1 Retail price

The optimal retail price is a decision made by the buyer, so it comes from optimizing the
utility of the buyer. For this, we first need to verify that the function is concave and that
it achieves its maximum value at p∗. We can see in the formulation of the utility that
only one of three cases can be true:

1. No fairness concerns: the buyer is not concerned about either advantageous or dis-
advantageous inequity, so he does not experience any disutility from these situations
and the problem reduces to a basic pricing problem.

UB = AB − IB + (p− w)(a− bp) (3.9)

Proposition 3.3.1. When the buyer does not experience inequity, his utility UB is
concave in p and attains its maximum value at p∗(w) = a+wb

2b
.

Proof. For UB to be concave on p, we need to show that it satisfies the second-order
condition of optimality U ′′B(p) < 0. So, we obtain the second partial derivative of
the utility function with respect to p:

δ2UB
δp2

= −2b

It is clear that δ2UB

δp2
< 0, so we conclude that UB is concave in p.

With this result, we can use the first-order optimality condition δUB

δp
= 0 to find

p∗(w):

δUB
δp

= a− 2bp+ wb

p∗(w) =
a+ wb

2b
(3.10)

This expression for p∗(w) denotes the optimal solution for the general pricing game
theoretic model. This value is dependent on the wholesale price and the parameters
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of the linear demand function, which was expected because we know that the retail
price is a response to the supplier’s decision on the wholesale price and also that
the total demand is a function of p, so it is natural that these parameters regulate
the optimal value.

2. Disadvantageous inequity: if the buyer is only concerned about disadvantageous
inequity, he will experience a disutility from receiving a lower profit than his fair
proportion γB of the total profit. The size of this disutility is given by parameter αB,
which represents the weight that the buyer gives to suffering this type of inequity.
For this case, the final expression of the utility is as follows.

UB = AB−IB+(p−w)(a−bp)−αB
[
γB

(
p− c0 +

√
g(IS + IB)

)
(a− bp)− (p− w)(a− bp)

]
(3.11)

Proposition 3.3.2. When the buyer experiences disadvantageous inequity, his util-
ity UB is concave in p and attains its maximum value at

p∗(w, IS, IB) =
a+wb−αB

[
γB

(
a+c0b−b

√
g(IS+IB)

)
−a−wb

]
2b(1−αB(γB−1))

Proof. For UB to be concave on p, we need to show that it satisfies the second-order
condition of optimality U ′′B(p) < 0. So, we obtain the second partial derivative of
the utility function with respect to p:

δ2UB
δp2

= −2b− αB [(1− γB)2b]

We know that 0 ≤ γB < 1, so δ2UB

δp2
< 0 and we conclude that UB is concave on p.

With this result, we can now use the first-order optimality condition δUB

δp
= 0 to

find p∗(w, IS, IB):

δUB
δp

= a− 2bp+ wb− αB
[
γB

(
a− 2bp+ c0b− b

√
g(IS + IB)

)
− a+ 2bp− wb

]

p∗(w, IS, IB) =
a+ wb− αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2b (1− αB(γB − 1))

(3.12)

We can see from this expression that it has the same basic form as can be seen in
equation 3.10 for the case of equity, dependent on a, b and w. However, this expres-
sion now includes the fairness related parameters. Evenmore, we can see that now
the production cost, and thus the investment levels, influence the optimal value of
the retail price as well. With respect to the case without fairness concerns, it is not
immediately clear whether the optimal retail price with disadvantageous inequity
will be higher or lower, as it depends on the values of all the other parameters.
However, we can see that p∗ will increase with αB and γB.
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3. Advantageous inequity: if the buyer is only concerned about advantageous inequity,
he will experience a disutility from receiving a higher profit than his fair proportion
γB of the total profit. The size of this disutility is given by parameter βB, which
represents the weight that the buyer gives to suffering this type of inequity. For
this case, the final expression of the utility is as follows.

UB = AB−IB+(p−w)(a−bp)−βB
[
(p− w)(a− bp)− γB

(
p− c0 +

√
g(IS + IB)

)
(a− bp)

]
(3.13)

Proposition 3.3.3. When the buyer experiences advantageous inequity, his utility
UB is concave in p and attains its maximum value at

p∗(w, IS, IB) =
a+wb−βB

[
a+wb−γB

(
a+c0b−b

√
g(IS+IB)

)]
2b(1+βB(γB−1))

Proof. For UB to be concave on p, we need to show that it satisfies the second-order
condition of optimality U ′′B(p) < 0. So, we obtain the second partial derivative of
the utility function with respect to p:

δ2UB
δp2

= −2b− βB [(γB − 1)2b]

We know that 0 ≤ γB < 1 and 0 ≤ βB < 1, so δ2UB

δp2
< 0 and we conclude that UB

is concave in p.

With this result, we can now use the first-order optimality condition δUB

δp
= 0 to

find p∗(w, IS, IB):

δUB
δp

= a− 2bp+ wb− βB
[
a− 2bp+ wb− γB

(
a− 2bp+ c0b− b

√
g(IS + IB)

)]

p∗(w, IS, IB) =
a+ wb− βB

[
a+ wb− γB

(
a+ c0b− b

√
g(IS + IB)

)]
2b (1 + βB(γB − 1))

(3.14)

Similar to the previous case, we see the base structure of the case with no fairness
concerns and the inclusion of the fairness and investment parameters. However,
now we see an opposite behavior regarding the fairness parameters as they appear
with opposite signs (comparing αB from the previous case with βB in this case).
This seems intuitive, provided that αB and βB represent opposite fairness concerns.
It is also not clear in this case whether the price will be higher or lower than for
the other cases, and how it will react to different values of the fairness parameters.

The expressions for the optimal retail prices in each case allow us to see the impact
of the fairness considerations as a regulating mechanism. Depending on the situation in
which the buyer finds himself, he will adjust the retail price to stay as close as possible
to his fair proportion of the total supply chain profit. However, these adjustments are
not easily identified from the expressions of p∗(w, IS, IB).
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3.3.2 Wholesale price

The optimal wholesale price is a decision made by the supplier, so it comes from optimiz-
ing her utility function. In the Stackelberg setting, the supplier moves first and decides on
the optimal wholesale price w∗, to which the buyer reacts by setting p∗(w∗). This means
that the supplier knows in advance what the buyer’s response will be to any wholesale
price she sets, so she uses p∗(w) to find w∗. For this, we first need to verify that the
function is concave and that it achieves its maximum value at w∗. As for the utility of
the supplier, one of the following three cases can be true:

1. No fairness concerns: in this case, the supplier does not experience any disutility
from inequity, so the problem reduces to a basic pricing problem.

US = AS − IS +
(
w − c0 +

√
g(IS + IB)

)
(a− bp) (3.15)

This also means that there is equity for the buyer, so we can substitute the corre-

sponding expression with p∗(w, IS, IB) (equation 3.10) to get US(p∗(w), w, IS, IB).

US(p∗(w), w, IS, IB) = AS − IS +
(
w − c0 +

√
g(IS + IB)

)(
a− a+ wb

2

)
Proposition 3.3.4. When the supplier does not experience disutility from inequity,
her utility US is concave in w and attains its maximum value at

w∗(IS, IB) =
a+b

(
c0−
√
g(IS+IB)

)
2b

Proof. For US to be concave on w, we need to show that it satisfies the second-order
condition of optimality U ′′S(w) < 0. So, we obtain the second partial derivative of
the utility function with respect to w:

δ2US
δw2

= −b

It is clear that δ2US

δw2 < 0, so we conclude that US is concave in w.

With this result, we can use the first-order optimality condition δUS

δw
= 0 to find

w∗(IS, IB):

δUS
δw

=
a

2
− wb+

b
(
c0 −

√
g(IS + IB)

)
2

w∗(IS, IB) =
a+ b

(
c0 −

√
g(IS + IB)

)
2b

(3.16)
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If we substitute this result in equation 3.10, the expression for p∗(IS, IB) is:

p∗(IS, IB) =
3a+ b

(
c0 −

√
g(IS + IB)

)
4b

(3.17)

It is clear from these results that the optimal wholesale price for the general case
without fairness has the same behavior as the optimal retail price for the same case.
This means that it depends on the player’s cost, which is now the production cost,
and also on the parameters for the demand model.

2. Disadvantageous inequity: if the supplier is only concerned with disadvantageous
inequity, she will experience a disutility from receiving a lower profit than her fair
proportion γS of the total profit. The size of this disutility is given by parameter
αS, which represents the weight that the supplier gives to suffering this type of
inequity. For this case, the final expression of the utility is as follows. Note that
we use γS = 1− γB to simplify our expressions when we substitute p∗(w, IS, IB).

US =AS − IS +
(
w − c0 +

√
g(IS + IB)

)
(a− bp)

− αS
[
(a− bp)

(
(1− γB)p− w + γB

(
c0 −

√
g(IS + IB)

))] (3.18)

If the supplier suffers disadvantageous inequity, this means that the buyer expe-
riences advantageous inequity. Hence, we substitute the corresponding expression
with p∗(w, IS, IB) (equation 3.14) in equation 3.18 to get US(p∗(w), w, IS, IB).

US(p∗(w), w, IS, IB) = AS − IS + (1 + αS)
(
w − c0 +

√
g(IS + IB)

)a− a+ wb

2 (1 + βB(γB − 1))

+
βB

[
a+ wb− γB

(
a+ c0b− b

√
g(IS + IB)

)]
2 (1 + βB(γB − 1))

− αS(1− γB)

 a+ wb

2b (1 + βB(γB − 1))

−
βB

[
a+ wb− γB

(
a+ c0b− b

√
g(IS + IB)

)]
2b (1 + βB(γB − 1))

− c0 +
√
g(IS + IB)

a
−
a+ wb− βB

[
a+ wb− γB

(
a+ c0b− b

√
g(IS + IB)

)]
2 (1 + βB(γB − 1))


Proposition 3.3.5. When the supplier experiences disadvantageous inequity, her
utility US is concave in w and attains its maximum value at

w∗(IS, IB) =
−a (1 + αS) (1 + βB (γB − 1))2

b (βB − 1) (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))

+
b
(
−c0 +

√
g(IS + IB)

)
(−1− αSγB + 2βB (1 + αSγB) + β2

B (γB − 1) (1 + γB + αSγB))

b (βB − 1) (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))
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Proof. For US to be concave on w, we need to show that it satisfies the second-order
condition of optimality U ′′S(w) < 0. So, we obtain the second partial derivative of
the utility function with respect to w:

δ2US
δw2

= (1 + αS)

(
− b(1− βB)

1 + βB(γB − 1)

)
+ αS (1− γB)

(
− b (1− βB)2

2 (1 + βB(γB − 1))2

)

We know that 0 ≤ βB < 1 and 0 ≤ γB < 1, so we can see that both terms in the

sum are negative. This means that δ2US

δw2 < 0 and we conclude that US is concave in
w.

With this result, we can now use the first-order optimality condition δUS

δw
= 0 to

find w∗(IS, IB):

δUS
δw

= (1 + αS)

[
a−

(
w − c0 +

√
g(IS + IB)

)( b(1− βB)

2(1 + βBγB − βB)

)

−
a+ bw − βB

[
a+ bw − γB

(
a+ c0b− b

√
g(IS + IB)

)]
2(1 + βBγB − βB)


+ αS(1− γB)

a+ bw − βB
[
a+ bw − γB

(
a+ c0b− b

√
g(IS + IB)

)]
2b(1 + βBγB − βB)

−c0 +
√
g(IS + IB)

)( −b(1− βB)

2(1 + βBγB − βB)

)
+

(
b(1− βB)

2b(1 + βBγB − βB)

)(
a−

a+ bw − βB
[
a+ bw − γB

(
a+ c0b− b

√
g(IS + IB)

)]
2(1 + βBγB − βB)



w∗(IS, IB) =
−a (1 + αS) (1 + βB (γB − 1))2

b (βB − 1) (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))

+
b
(
−c0 +

√
g(IS + IB)

)
(−1− αSγB + 2βB (1 + αSγB) + β2

B (γB − 1) (1 + γB + αSγB))

b (βB − 1) (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))
(3.19)

If we substitute this result in equation 3.14, the expression for p∗(IS, IB) is:

p∗(IS, IB) =
b
(
c0 −

√
g(IS + IB)

)
(1 + βB (γB − 1) + αSγB)

2b (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))

+
a (3 + 3βB (γB − 1) + αS (2 + 2βB (γB − 1) + γB))

2b (2 + 2βB (γB − 1) + αS (1 + βB (γB − 1) + γB))

(3.20)
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As in the case for the retail prices, we can now see the inclusion of the fairness and
investment parameters in the optimalwholesale price decision. Since this decision
takes into consideration the optimal response from the follower in the game, we can
see that this decision not only depends on the player’s own disutility from inequity,
but also on that of the other player. For a better understanding of the effects of
each parameter on the optimal prices, we will complement these results with the
numerical study in Chapter 4.

3. Advantageous inequity: if the supplier is only concerned with advantageous in-
equity, she will experience a disutility from receiving a higher profit than her fair
proportion γS of the total profit. The size of this disutility is given by parameter
βS, which represents the weight that the supplier gives to suffering this type of
inequity. For this case, the final expression of the utility is as follows.

US = AS − IS +
(
w − c0 +

√
g(IS + IB)

)
(a− bp)

− βS
[
(a− bp)

(
w − (1− γB)p− (γB)

(
c0 −

√
g(IS + IB)

))] (3.21)

If the supplier experiences advantageous inequity, this means that the buyer suffers
disadvantageous inequity. Hence, we substitute the corresponding expression with
p∗(w, IS, IB) (equation 3.12) in equation 3.21 to get US(p∗(w), w, IS, IB).

US(p∗(w), w, IS, IB) = AS − IS + (1− βS)
(
w − c0 +

√
g(IS + IB)

)a−
a+ wb− αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2 (1− αB(γB − 1))

+ βS(1− γB)

(
a+ wb

2b (1− αB(γB − 1))

−
αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2b (1− αB(γB − 1))

− c0 +
√
g(IS + IB)

a
−
a+ wb− αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2 (1− αB(γB − 1))



Proposition 3.3.6. When the supplier experiences disadvantageous inequity, her
utility US is concave in w and attains its maximum value at

w∗(IS, IB) =
−a (βS − 1) (−1 + αB (γB − 1))2 + wbαB (−1 + βSγB + αB (−1 + βS + γB − βSγB))

b (2 + 2αB (βS − 1) (γB − 1)− βS (1 + γB))

+
b
(
c0 −

√
g(IS + IB)

)
(1 + αB − βSγB − αBβSγB + α2

B (βS − 1) (γB − 1) γB)

b (2 + 2αB (βS − 1) (γB − 1)− βS (1 + γB))
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Proof. For US to be concave on w, we need to show that it satisfies the second-order
condition of optimality U ′′S(w) < 0. So, we obtain the second partial derivative of
the utility function with respect to w:

δ2US
δw2

= − (1− βS)

(
b

1− αB(γB − 1)

)
− βS (1− γB)

(
b

2 (1− αB(γB − 1))2

)

We know that 0 ≤ βS < 1 and 0 ≤ γB < 1, so we can see that both terms in the
sum are negative. This means that δ2US

δw2 < 0 and we conclude that US is concave
on w.

With this result, we can now use the first-order optimality condition δUS

δw
= 0 to

find w∗(IS, IB):

δUS
δw

= (1− βS)

[(
w − c0 +

√
g(IS + IB)

)( b(1 + αB)

2(1− (1− αB(γB − 1))

)

+a−
a+ bw − αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2 (1− αB(γB − 1))


+ βS(1− γB)

a+ bw − αB
[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2b (1− αB(γB − 1))

−c0 +
√
g(IS + IB)

( −b(1 + αB)

2 (1− αB(γB − 1))

)
+

(
b(1 + αB)

2b (1− αB(γB − 1))

)a−
a+ bw − αB

[
γB

(
a+ c0b− b

√
g(IS + IB)

)
− a− wb

]
2 (1− αB(γB − 1))



w∗(IS, IB) =
−a (βS − 1) (−1 + αB (γB − 1))2 + wbαB (−1 + βSγB + αB (−1 + βS + γB − βSγB))

b (2 + 2αB (βS − 1) (γB − 1)− βS (1 + γB))

+
b
(
c0 −

√
g(IS + IB)

)
(1 + αB − βSγB − αBβSγB + α2

B (βS − 1) (γB − 1) γB)

b (2 + 2αB (βS − 1) (γB − 1)− βS (1 + γB))
(3.22)

If we substitute this result in equation 3.12, the expression for p∗(IS, IB) is:

p∗(IS, IB) =
−αBwb (βS − 1) + b

(
c0 −

√
g(IS + IB)

)
(1 + αB (βS − 1) γB − βSγB)

2b (2 + 2αB (βS − 1) (γB − 1)− βS (γB + 1))

+
a (3 + 3αB (βS − 1) (γB − 1)− βS (γB + 2))

2b (2 + 2αB (βS − 1) (γB − 1)− βS (γB + 1))
(3.23)
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For this case we can conclude the same as for the previous one. We can see the
interaction between all the parameters, including again the disutility from fairness
of both players, but it is hard to make any statement regarding the impact of each
parameter on the optimal price.

3.3.3 Investment

The first stage of the game is the non-cooperative decision of both players on their
investment levels to decrease the unit production costs. Following the structure of the
game, the following decisions (wholesale and retail prices) are in response to this decision.
Hence, the players know what their optimal responses will be to any level of investment.
We address the investment optimization problem next.

Characterization of game in Stage 1

To find the optimal levels of investment, each player seeks to maximize their individual
utility function. From equations 3.7 and 3.8, it is clear that the utility functions are not
complementary, i.e. the gains of one player do not equal the losses of another due to
the incorporation of the fairness considerations, which make the disutilities take different
values for each player. With this, we can conclude that we are working with a non-zero
sum game. This means that we need to solve the optimization problem by maximizing
two non-linear utility functions, both dependent on our two decision variables IS and IB.

Another feature of the game is that the state space for both decision variables is
continuous, since Ii can take any value in the range [0, Ai], i ∈ {S,B}. A game of such
features is known as a reverse Stackelberg game, which is again characterized by a hier-
archical structure. To find a solution, the leader must propose a function that maps the
follower’s decision space into her own space to maximize her own utility given the opti-
mal response of the follower. Subsequently, the follower has to define his optimal solution
once the leader’s function is disclosed. The problem of finding the leader’s function is in
general difficult, and is considered to be even more difficult for non-linear utility functions
(Groot et al., 2013). For these reasons, in the following section we limit ourselves to study
the analytical property of concavity of the utility functions, and resort to a numerical
analysis in Chapter 4 to solve the optimization problem.

Concavity of the utility functions

For this stage, we can again identify three possible situations for the players in terms of
fairness.

1. The players do not have fairness concerns. After substituting the expressions for w∗

and p∗ in equations 3.15 and 3.9, the utility functions for each player are as follows.

US = AS − IS +
a2 − 2ab

(
c0 −

√
g(IS + IB)

)
+ b2

(
c0 −

√
g(IS + IB)

)2
8b

(3.24)

UB = AB − IB +
a2 − 2ab

(
c0 −

√
g(IS + IB)

)
+ b2

(
c0 −

√
g(IS + IB)

)2
16b

(3.25)
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Proposition 3.3.7. When the supplier is not concerned with inequity, her utility
US is concave in IS and attains its maximum value at I∗S, where I∗S is the solution
to

δUS
δIS

= −1 +

√
g(a− bc0)

8
√
IS + IB

+
bg

8
= 0

Proof. For US to be concave on IS, we need to show that it satisfies the second-order
condition of optimality U ′′S(IS) < 0. So, we obtain the second partial derivative of
the utility function with respect to IS:

δ2US
δI2S

= −
√
g(a− bc0)

16(IS + IB)
3
2

We know that a > bp and p > c0, so we can see that δ2US

δI2S
< 0 and we conclude

that US is concave on IS.

Proposition 3.3.8. When the buyer is not concerned with inequity, his utility UB
is concave in IB and attains its maximum value at I∗B, where I∗B is the solution to

δUB
δIB

= −1 +

√
g(a− bc0)

16
√
IS + IB

+
bg

16
= 0

Proof. For UB to be concave on IB, we need to show that it satisfies the second-order
condition of optimality U ′′B(IB) < 0. So, we obtain the second partial derivative of
the utility function with respect to IB:

δ2UB
δI2B

= −
√
g(a− bc0)

32(IS + IB)
3
2

We know that a > bp and p > c0, so we can see that δ2UB

δI2B
< 0 and we conclude

that UB is concave on IB.

2. The supplier is concerned with disadvantageous inequity and the buyer, with ad-
vantageous inequity: when one player receives less than their fair proportion of the
total supply chain profit, it immediately follows that the other player receives more.
In this section, we consider the situation in which the supplier is concerned with
receiving less and the buyer with getting more than what is fair.

We can now substitute the expressions for w∗(IS, IB) and p∗(IS, IB) in equations
3.18 and 3.13, so our only decision variables are now IS and IB.

Proposition 3.3.9. When the supplier disadvantageous inequity, her utility US is
concave in IS and attains its maximum value at I∗S, where I∗S is the solution to

δUS
δIS

=
a
√
g(−1 + αB(−1 + γB) + βSγB)2 + b

√
g(−c0 +

√
g(IS + IB))(−1 + αB(−1 + γB) + βSγB)2

4
√
IS + IB(1 + αB)(2 + αB(−2 + βS)(−1 + γB)− βS(1 + γB))

+
4
√
IS + IB(1 + αB)(−1 + βSγB)(2 + αB(−2 + βS)(−1 + γB)− βS(1 + γB))

4
√
IS + IB(1 + αB)(2 + αB(−2 + βS)(−1 + γB)− βS(1 + γB))

= 0

27



3.3. Optimization Chapter 3

Proof. For US to be concave on IS, we need to show that it satisfies the second-order
condition of optimality U ′′S(IS) < 0. So, we obtain the second partial derivative of
the utility function with respect to IS:

δ2US
δI2S

=

√
g(−a+ bc0)(−1 + αB(γB − 1) + βSγB)2

8(IS + IB)
3
2 (1 + αB)(2 + αB(−2 + βS)(−1 + γB)− βS(1 + γB))

We know that a > bp and p > c0, so the factor (−a + bc0) is negative and we can

see that the rest of the terms are positive. Hence, δ2US

δI2S
< 0 and we conclude that

US is concave in IS.

Proposition 3.3.10. When the buyer experiences advantageous inequity, his utility
UB is concave in IB and attains its maximum value at I∗B, where I∗B is the solution
to

δUB
δIB

=
(−1 + αB(−1 + γB))

(
a
√
g(−1 + αB(−1 + γB) + βSγB)2

)
−4
√
IS + IB(2 + αB)(−2 + βB(−2 + βS)(−1 + γB)− βS(1 + γB))2

+
(−1 + αB(−1 + γB))

(
a
√
g(b
√
g(−c0 +

√
g(IS + IB))(−1 + αB(−1 + γB) + βSγB)2

)
−4
√
IS + IB(2 + αB)(−2 + βB(−2 + βS)(−1 + γB)− βS(1 + γB))2

+
(−1 + αB(−1 + γB))

(
a
√
g(−4

√
IS + IB (−2 + βS − αB(−2 + βS)(−1 + γB) + βSγB)2

)
−4
√
IS + IB(2 + αB)(−2 + βB(−2 + βS)(−1 + γB)− βS(1 + γB))2

= 0

Proof. For UB to be concave on IB, we need to show that it satisfies the second-order
condition of optimality U ′′B(IB) < 0. So, we obtain the second partial derivative of
the utility function with respect to IB:

δ2UB
δI2B

=

√
g(a− bc0)(−1 + αB(γB − 1))(−1 + αB(−1 + γB) + βSγB)2

8(IS + IB)
3
2 (2 + αB(−2 + βS)(−1 + γB)− βS(1 + γB))2

We can see that the factor (−1 + αB(γB − 1)) is negative and the rest are positive,

so δ2UB

δI2B
< 0 and we conclude that UB is concave in IB.

3. The supplier experiences advantageous inequity and the buyer experiences disad-
vantageous inequity: here we consider the other possible situation of inequity. The
supplier receives a profit higher than what is fair, and this results in the buyer
receiving a lower profit.

Again we substitute the expressions for w∗ and p∗ in equations 3.21 and 3.11, so
our only decision variables are now IS and IB.

Proposition 3.3.11. When the supplier advantageous inequity, her utility US is
concave in IS and attains its maximum value at I∗S, where I∗S is the solution to

δUS
δIS

=
−a√g(1 + βB(−1 + γB) + αSγB)2 + b

√
g(c0 −

√
g(IS + IB))(1 + βB(−1 + γB) + αSγB)2

4
√
IS + IB(−1 + βB)(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))

+
−4
√
IS + IB(−1 + βB)(1 + αSγB)(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))

4
√
IS + IB(−1 + βB)(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))

= 0
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Proof. For US to be concave on IS, we need to show that it satisfies the second-order
condition of optimality U ′′S(IS) < 0. So, we obtain the second partial derivative of
the utility function with respect to IS:

δ2US
δI2S

=

√
g(a− bc0)(1 + βB(γB − 1) + αSγB)2

8(IS + IB)
3
2 (−1 + βB)(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))

We can see that the factor (−1 + βB) is negative and the rest of the terms are

positive, so δ2US

δI2S
< 0 and we conclude that US is concave in IS.

Proposition 3.3.12. When the buyer experiences advantageous inequity, his utility
UB is concave in IB and attains its maximum value at I∗B, where I∗B is the solution
to

δUB
δIB

=
(1 + βB(−1 + γB))

(
a
√
g(1 + βB(−1 + γB) + αSγB)2

)
4
√
IS + IB(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))2

+
(1 + βB(−1 + γB))

(
a
√
g(b
√
g(−c0 +

√
g(IS + IB))(1 + βB(−1 + γB) + αSγB)2

)
4
√
IS + IB(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))2

+
(1 + βB(−1 + γB))

(
a
√
g(−4

√
IS + IB (2 + 2βB(−1 + γB) + αS(1 + βB(1− γB) + γB))2

)
4
√
IS + IB(2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))2

= 0

Proof. For UB to be concave on IB, we need to show that it satisfies the second-order
condition of optimality U ′′B(IB) < 0. So, we obtain the second partial derivative of
the utility function with respect to IB:

δ2UB
δI2B

=

√
g(−a+ bc0)(1 + βB(−1 + γB))(1 + βB(γB − 1) + αSγB)2

8(IS + IB)
3
2 (2 + 2βB(−1 + γB) + αS(1 + βB(−1 + γB) + γB))2

We know that a > bp and p > c0, so the factor (−a + bc0) is negative and the rest

of the terms are positive. We can see that δ2UB

δI2B
< 0 and we conclude that UB is

concave on IB.

With this, we can characterize each utility function as concave in the investment of the
corresponding player while considering the investment of the other player as a parameter.
These results are useful in Chapter 4 to find numerical solutions to Stage 1.
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Chapter 4

Numerical study

In this chapter, we present a numerical study performed with the proposed model to
understand how the fairness concerns influence each player’s investment decisions in Stage
1. Also, we study how these results affect the pricing decisions in Stage 2. We limit this
numerical study to Case 2, which is the one that fits the setting of our problem: a
small producer is concerned about experiencing disadvantageous utility (αS > 0) and the
buyer, being socially responsible, is concerned about experiencing advantageous inequity
(βB > 0). The players are not concerned about the occurence of the opposite situations,
so we assume βS = 0, αB = 0. In this Chapter, we first develop a sensitivity analysis with
the parameters of the model and then show an example of an application of our model
to a case study.

4.1 Sensitivity Analysis

In this Section, we study the effects of the different parameters of the model in the
investment and pricing decisions of both players. We use the case with no fairness con-
siderations to focus on the sensitivity of the parameters related to the demand and cost
functions. Then, we use Case 2 to study the effects of the parameters related to the fair-
ness considerations on the optimal solutions. First, we describe the experimental design
and the solution method. Then, we show and discuss the results obtained for each case
in Stages 1 and 2.

4.1.1 Experimental Design

We consider a base case that represents the situation of a small corn producer in the south-
east of Mexico. This setting was chosen for coherence with the case study in Chapter
4.2, and all the parameters are based on statistics reported by the Mexican government.

In our model, demand and supply are equal and deterministic. We assume that the
potential market demand for one farmer is equal to his average yield in one production
cycle, which is 10 tons of corn per hectare in Mexico at an average cost of $2, 635 Mexican
pesos (MXN) per ton of corn (FIRA, 2017). Also, 51.9% of the plantations in the country
are considered small, with a size between zero and two hectares (INEGI, 2016). Hence,
we consider a small farm of two hectares, which produces an average of 20 tons of corn
per cycle. Further, corn is typically sold by producers in sacks of 50 kilograms (SNIIM,
2018), so we choose sacks of corn as our unit and set our potential market demand to
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a = 400 sacks of corn with a production cost of c0 = 131.75 MXN per sack.

For the price elasticity of demand, we consider the value estimated in the Interna-
tional Evidence on Food Consumption Patterns Report (USDA, 2003) for the own-price
elasticity of fruits and vegetables in Mexico, which is b = 0.408. Similarly, we consider
the productivity of investment on agricultural production technology to be g = 0.06 in
agreement with the reports from the Mexico Business Summit 2017 (Lara, 2017).

It is important to note that the total investment is limited by the condition

IS + IB <
c20
g

which ensures that the unit production cost remains positive at all times. Hence, we
include this condition as a constraint in the numerical study and decide the values of
parameters AS and AB in terms of the maximum possible investment. For our base case,
this constraint reduces to IS + IB < 289, 301.04. Assuming that the buyer has unlimited
capital available, we set AB = 289, 301.04 MXN, meaning that he has the capacity to
make the maximum possible investment by himself. On the contrary, we know from our
setting that the suppliers are very limited on their initial available capital. It is common
that the producers do not have any money to invest, so they get credits from the govern-
ment or financial institutions. The average size of such loans in southeastern Mexico is
$41, 389 MXN (SEGOB, 2014), which we set as the value of AS.

We begin the numerical study by exploring the impacts of varying the parameters of
the cost (c0, g) and demand (a, b) functions in the case where the players have no fairness
concerns. The ranges of values for these parameters and step sizes are given in Table
4.1.1.

Parameter Lower bound Upper bound Step size
a 100 1000 100
b 0.2 1.2 0.05
c0 50 200 5
g 0 1 0.05

Table 4.1: Parameter variation for case with no fairness considerations in Stage 1

Then we focus on the case with fairness considerations, where we varied the values of
the disutilities from experiencing inequity for both players and the value of the fair profit
allocation. The three parameters (αS, βB, γB) were varied in the range [0, 1] in step sizes
of 0.1. For every instance, we compare the outcomes of having each player as leader of
the Stackelberg game and discuss the impact of the investment decisions on the pricing
stage.

4.1.2 Solution Method

As we described in Section 3.3.3, the solution of Stage 1 requires a mapping of the fol-
lower’s solution space into the leader’s solution space in order to maximize the utility of
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the leader considering the follower’s optimal response to her solution. Given the complex-
ity of finding a function that performs such mapping for our utility functions, we propose
the following algorithm to find the optimal solutions numerically to the investment prob-
lem. Note that we substitute the subscripts S,B for L, F , which stand for leader and
follower, respectively. The same solution methodology can be used regardless of which
player is leading the game.

Set ILopt = 0, ULmax = 0, IFopt = 0, UFmax = 0
for IL = 0 to AL step 1 do

IF = arg max
IF∈[0,AF ]

UF (IF )

UL2 = UL(IL, IF )
if UL2 > ULmax then
ULmax = UL2, ILopt = IL, IFopt = IF , UFmax = UF (IL, IF )

end if
end for

What this means is that the leader will compute the values of the optimal solution
of the follower IF for every possible value (in steps of one) that he can assign to IL from
his solution space [0, AL]. The outcome from this step is a series of solutions (IL, I

∗
F )

from which the leader will choose the pair that maximizes his own utility and set the
corresponding value of IL as I∗L.

When the solution space of the leader is too large, the step size can be increased
to first restrict the range in which the optimal value is located, and then perform the
optimization over this smaller solution space. We can follow this approach because we
know from the results of Chapter 4 that US is concave in IS when IB is considered as a
parameter and UB is concave in IB when IS is considered as a parameter.

In our study, we implemented this algorithm in Wolfram Mathematica 11.0 Student
Edition. To solve the maximization problem in each iteration, we used the built-in func-
tion FindMaximum. The program was run in a computer with an Intel CORE i5 processor
and 8 gigabytes of RAM memory.

For Stage 2, to find the values of the optimal wholesale and retail prices, we substitute
the values of the parameters and the solutions found in Stage 1 for I∗S, I

∗
B in the closed

form expressions for w∗(IS, IB), p∗(IS, IB) found in Chapter 3.3.

4.1.3 Case 1

In this section, we implement our solution algorithm to analyze the impact of varying
the parameters related to the demand and cost functions in the case where the players
do not have fairness concerns, modeled by equations 3.24 and 3.25.

The results for our base case show that, without fairness concerns, it is optimal in
most cases for the players to invest the maximum possible amount to achieve the highest
cost reduction. When the supplier leads, she will let the buyer make all the investment,
whereas in the opposite case, the supplier will have to invest all her (limited) capital and
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Figure 4.1: Optimal investment as function of potential demand a when supplier leads

Figure 4.2: Optimal investment as function of potential demand a when buyer leads

the buyer will only contribute the difference to reach the maximum possible investment.
Considering these base results, we now examine the effects of varying the different pa-
rameters.

The total demand is given by the linear demand model as function of price with slope
b and intercept a. The cases when it is not optimal to invest the maximum possible
amount occur when the variation of these parameters yields a low total demand. In this
situation the total investment will decrease, as investing a high amount of money to pro-
duce a small demand is not profitable. The contributions to the total investment between
the supplier and the buyer remain the same as in the base case. These two effects are
shown in Figures 4.1 and 4.2.

The total investment is decreasing in c0, the unit production cost before investment.
This result seems counterintuitive at first, since one would expect it to be optimal to
make a higher investment when c0 is high in order to reduce the final production cost
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Figure 4.3: Optimal investment relative to maximum investment as function of sensitivity
of investment g when supplier leads

as much as possible. However, when we examine the complete mechanism of the utility
functions, it is clear that it is not convenient to invest when there is already a big ex-
penditure present for producing and the return on the investment is not high enough to
compensate for the high value of c0. Hence, the influence of this parameter is strongly
linked to the productivity of the investment g. When the sensitivity of the investment
is low, the total investment level is also low. However, as the value of g increases, the
investment also increases until it reaches its maximum possible level. This is depicted in
Figures 4.3 and 4.4 with I∗S and I∗B as a proportion of the maximum possible investment,
as this upper bound also varies with g.

For this case, the wholesale and retail prices increase with the total demand and
with c0, but decrease with the sensitivity of investment g. It is evident that a higher
sensitivity of investment will yield a lower production cost, which then allows to decrease
the prices downstream in the supply chain. The opposite occurs with c0, as a higher
value will require to increase the other prices to remain profitable. On the other hand,
if the potential market demand is sufficiently high and/or the elasticity to price is low,
increasing the retail price will still be profitable despite the reduction in the total demand.

4.1.4 Case 2

We now consider the case where the supplier is concerned about experiencing disad-
vantageous inequity and the buyer, about advantageous inequity. Hence, the relevant
parameters are the fair proportion of the total profit for the buyer γB, the supplier’s
disutility from earning less than her fair profit αS, and the buyer’s disutility from earning
more than his fair profit βB. The effects of these parameters on the levels of investment
are as follows.

Regardless of who leads the game and the fairness concerns, it is never optimal for
the total investment IS + IB to be equal to zero. So it is always beneficial for the players
to invest in decreasing the unit production costs. For each of the instances studied, the
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Figure 4.4: Optimal investment relative to maximum investment as function of sensitivity
of investment g when buyer leads

leadership of the game only impacts how much each player invests, but not the value of
the optimal total investment.

Supplier is leader

When the supplier leads the game, the optimal values of IS and IB strongly depend on
the values of αS, βB and γB. We will now describe our findings and a visual representation
is given in Figure 4.5.

• For low values of βB, the buyer invests an amount equal or very close to the max-
imum possible. As βB increases, this investment starts decreasing until it reaches
zero in some cases. This decrease occurs at lower values of βB as αS increases. This
means that, the more both players are concerned with fairness, the investment of
the buyer will be lower and, in consequence, the total investment due to the capital
constraint of the supplier. This is motivated by the profit of the buyer, as described
in the next point.

• The total supply chain profit does not vary greatly in any case, but the distribution
between supplier and buyer is more uneven for higher values of βB. This means
that, the higher the concern of the buyer for experiencing advantageous inequity,
the more he is willing to give a higher portion of the total profit to the supplier.
However, for high values of βB, this means that the buyer can end with a negative
profit. This is linked to the cases where IB decreases, since it is not optimal for the
buyer to invest if his profit will be very low or even zero.

• As the investment of the buyer starts decreasing, the supplier is now motivated to
start investing gradually, until she invests all her available capital for the highest
values of βB. In line with the previous point, high values of βB mean that the buyer
is willing to give a higher share of the total profit to the supplier, so it is optimal
for the latter to invest, as this will result in increasing her profit.
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• Overall, the buyer will invest more when αS is low and γB is high. This means that,
when it is fair for the buyer to receive a high proportion of the total profit and the
supplier is not too concerned with a fair outcome, the buyer will invest more to
increase his own profit. The supplier will invest more when the opposite is true, as
this will result in her earning a higher share of the profit.

• All the profits (total and per player) decrease with αS. This means that it is not
convenient in any case for the supplier to be highly concerned about receiving a
lower profit than her fair share. However, the total profit increases with βB, as well
as the supplier’s.

• The total profit is never higher than for the case without fairness concerns, and it
is lower for the highest values of αS. The buyer never achieves a higher profit than
in the case without fairness concerns, so this approach is solely beneficial to the
supplier in terms of profitability.

We can see that the weight of the fair allocation relies on the value of βB, which
can be interpreted as the level of social responsibility of the buyer. However, he needs
to be careful with setting this parameter because if it grows too high, he will incur in
losses. Interestingly, when the supplier is concerned about disadvantageous inequity, it is
harmful for both players and the supply chain as a whole.

Buyer is leader

In this case, the supplier always invests the maximum possible amount, which means
I∗S = AS. For the supplier, it is always profitable to invest, so she will always try to
maximize the total amount. The buyer is aware of this, and as the leader he will never
contribute all his capital to the investment, given that it is more profitable for him to

limit his investment to I∗B <
c20
g
−AS and let the supplier invest AS. Hence, the outcome

of this setting is how the parametrization of the fairness concerns impacts I∗B and the
optimal profits. We describe this next and provide a visual representation in Figure 4.6.

• The investment of the buyer starts at a high amount for low βB and decreases as we
increase the value of βB. Higher values of αS cause this decrease to occur at lower
values of βB, and γB has the opposite effect: increasing γB causes IB to decrease
at higher values of βB. As in the case when the supplier leads, this is linked to the
buyer getting very low or even negative profits, which makes it optimal for him not
to invest anything.

• The total investment is maximized when all the parameters have low values or when
γB is high. Again, this means that the buyer will receive a higher profit because
the fairness concerns are low and it is fair for him to get a higher share of the total
profit.

• As mentioned before, changing the leader of the game only changes the proportion
that each player contributes to the total investment, but the latter remains constant.
This means that the profits are also the same, and hence exhibit the same behavior
as described in the previous Section.
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Figure 4.5: Optimal investments and profits as function of βB when supplier leads
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Figure 4.6: Optimal investments and profits as function of βB when buyer leads
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Optimal pricing decisions

Regarding the optimal wholesale and retail prices, we identify that the behavior is the
same regardless of the game leader because the total investment remains constant. In-
creasing either αS or βB results in a decrease in the retail price and an increase in the
wholesale price. However, the increase in the wholesale price is exponential with βB, as
shown in Figure 4.7. Although the change is never so radical, the opposite occurs with
the retail price: it has a steep decrease with αS and only a slight one with βB. Increasing
the value of γB results in w increasing and p decreasing, as shown in Figure 4.8. Here, we
can see how for high βB and γB, the wholesale price eventually becomes higher than the
retail price, which explains why the buyer can end with a negative profit as identified in
the previous Sections.

Finally, we also observe that in any case, both prices are higher for the case with fair-
ness considerations than for the base case. Figure 4.7 is also insightful to realize that, as
the retail price remains almost unchanged, the profit reallocation is achieved by adjusting
the wholesale price.

In summary, the numerical study shows how the profit allocation is heavily deter-
mined by the value of βB, which represents the buyer’s fairness concern for experiencing
advantageous inequity. This parameter defines how the profit is transfered from the buyer
to the supplier as the buyer’s fairness concern increases. However, assigning a high value
to this parameter can lead the buyer to have a negative profit. Also, a high value of βB
can yield a significant change in the pricing decisions in Stage 2. Since this is a value
that is set based on the player’s consideration, it needs to be defined very carefully to
avoid such a situation. In contrast, the value of the supplier’s concern for receiving a
fair share of profit αS not only does not have a huge impact on the investment decisions,
but it results in lower profits for all the players when it has a high value. Regarding
Stage 2, this parameter does have an influence in the pricing decisions, so it should not
be completely neglected even though its effects are not as radical as those of βB.

4.2 Case Study

In this chapter, we focus on an application of the proposed model in a case study at
Fractal Café, a socially responsible coffee retailer in Mexico City. We start by describing
the current situation of the coffee producers in Mexico, as well as the background of the
company. Then, we discuss the process of implementing the model and the difficulties
encountered. Finally, we present and discuss the results of the study.

4.2.1 Overview of agriculture in Mexico

According to the Food, Agriculture and Fishing Information Service (SIAP, 2017), in
2017 the working population in Mexico was 51.9 million people, of which 5.5 million
worked in agricultural activities. Table 4.2.1 shows the level of income of agricultural
workers in Mexico.
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Figure 4.7: Optimal wholesale and retail prices as function of βB
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Figure 4.8: Optimal wholesale and retail prices as function of γB
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% of workers Income
26.9 Up to 1 minimum wage
27.5 From 1 to 2 minimum wages
12.9 From 2 to 5 minimum wages
1.3 Over 5 minimum wages
25.1 No income
6.3 Not specified

Source: Atlas 2017 SIAP

Table 4.2: Level of income of agricultural workers in Mexico, 2017

The data on the table shows that one quarter of the workers receives no income at all,
while a second quarter receives at most one minimum wage and a third quarter receives
between one and two minimum wages. According to the International Labour Organiza-
tion (ILO, 1992), a minimum wage is “the minimum sum payable to a worker for work
performed or services rendered... which is guaranteed by law and which may be fixed in
such a way as to cover the minimum needs of the worker and his or her family, in the light
of national economic and social conditions”. Hence, one would assume that the 41.7% of
the workers that earn one or more minimum wages are guaranteed to be able to cover the
minimum needs of themselves and their families. However, some studies (CAM, 2016;
EQUIDE, 2018) have shown that a minimum wage in Mexico is not enough to cover these
basic needs for a worker and a family, which in average is constituted by four members.
Although these studies differ in the exact amount that should constitute the minimum
wage, they agree in that it should be at least three times the current minimum wage.
Considering this, we can conclude that at least 79.5% of agricultural workers in Mexico
do not receive an income that is high enough to cover the basic needs of themselves and
their families.

This is evidence that the overall situation of agricultural workers and their families in
Mexico is very poor due to the low wages they earn. This is counterintuitive if we consider
the importance of Mexico as an agricultural crop producer, given that it is ranked in the
twelfth position worldwide (Gómez-Mena). This should be reflected in better conditions
for the farmers and their plantations, but all the above is evidence that this is not the
case.

4.2.2 Coffee production in Mexico

The Mexican coffee production occupies the ninth position in a global ranking for regular
coffee, and the second position for organic coffee. In 2016, the total area in Mexico with
coffee cherry plantations was 730,000 hectares and their production was 824,000 tons.
The producers received a total of 4.524 billion MXN for this production, which translates
into an average of $5.49 MXN per kilo of coffee cherry. The states with the largest coffee
plantation areas are Chiapas (40%), Veracruz (23.2%) and Puebla (17.2%) (SIAP, 2017).

This reflects that coffee is an important crop in Mexico’s agricultural production.
However, also in 2016 Mexico reported its lowest recorded coffee production level due to
a reduction in the harvested surface, a reduced productivity, weather affectations and a
disease in the coffee trees (Sánchez, 2017). This type of problems go in line with the
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problems identified in Chapter 1. As far as the reduced productivity and the presence of
diseases in the trees, they could be addressed by investing in these plantations. However,
far from this, the Mexican government is reducing the public investment to support cof-
fee producers. Just in 2017, this support was reduced by 30% in the state of Veracruz
(Pérez-Melo).

According to Mexican institution CONEVAL, at least 48% of the population in the
10 main coffee producing municipalities live in poverty conditions (Silva). This means
that they have at least one deficiency among the ones that constitute a state of poverty:
education, health services, social security, housing, basic feeding services, and/or an in-
come lower than the considered welfare threshold (CONEVAL, 2010). The main problem
reported by these farmers is derived from the presence of ’roya’ in their plantations, a fun-
gus that kills the coffee plant and spreads easily to neighboring plants. This has caused
the farmers to lose a large share of their production and experience monetary loses from
which they can hardly recover. Among these 10 municipalities, we identify Coatepec,
which is the region that Fractal Café is supporting and from which they buy their coffee.

4.2.3 Fractal Café

The company was created in 2014 by three friends who identified the difficulties that cof-
fee producers in Coatepec, Veracruz were experiencing to sell their product. To provide
them with a retail channel, they started distributing bags of coffee beans in Mexico City.
But to achieve the positive impact they desired to have in that community, they realized
they needed to reach a bigger market, so they started operating a coffee truck. This way,
they expanded their offer by selling not only coffee beans, but also prepared beverages and
desserts. The wider product offer, along with the concept of being a socially responsible
company and the benefit of having a retail point that could be easily relocated, made
Fractal Café a profitable business model. The company has been succesful and currently
they still sell through their coffee truck, which is most of the time at a fixed location
in Mexico City, but that is also present at special events throughout the whole country,
such as concerts or festivals in amusement parks. Additionally, they have now expanded
by opening a second retail point, which is a coffee shop at a fixed location in Mexico City.

The contribution of Fractal Café goes beyond just providing Coatepec’s coffee pro-
ducers with a retail channel. They also promote Fair Trade by paying their suppliers
a higher price than they would get if they sold their coffee elsewhere. This price is set
by the producers on the basis of what they consider to be fair. However, this is based
only on their intuition and they do not have a mechanism to determine what is indeed a
fair price. As for Fractal Café, they simply accept the price requested by the producers,
because they also do not have a mechanism to decide whether this price is fair or if it
should be lower or higher.

We consider that the case of Fractal Café and their suppliers is suitable for the ap-
plication of our model. They operate in the context we study of developing countries
where agriculture is a main activity but producers live in very poor conditions. Fractal
Café is already making an effort to contribute to the improvement of this situation, but
they are working blindly with their supplier based on their perceptions. By having a
more structured approach like the one we propose, both parties could benefit from higher

43



4.2. Case Study Chapter 4

profits and a better understanding of how their exchange mechanism should be operated.

4.2.4 Application

As in the sensitivity analysis, we restrict this study to Case 2 because it suits the context
of the case. Based on the information provided by Fractal Café and the coffee producers
from Coatepec, we implemented our model with the parameters as shown in Table 4.2.4.

Parameter Value
a 500 kg/year
b 1.3
c0 65 MXN/kg
g 0.06
AS 10,000 MXN
AB 20,000 MXN
αS 0.2
βB 0.3
γB 0.7

Table 4.3: Parameter settings for model application to case study

The values of a and b were approximated using a linear regression model on the
monthly data of end demand and retail prices provided by Fractal Café for the years
2016 and 2017. During the start of their operations, they tested different prices to see
the market’s response, hence we use that information as shown in Table 4.2.4.

Price (MXN) Demand (kg)
319 121
352 88
385 43

Table 4.4: Demand data from years 2016 and 2017

The model fit the linear equation D(p) = 499.87− 1.28p with an R2 = 0.99. This is a
very good fit, but it is important to keep in mind that we have a very limited amount of
data and the variations in demand can not only be attributed to the retail price but also
to other factors, such as the company growth or their marketing efforts, for instance. For
our case, this is the best approximation we have for their demand model, so we use the
rounded values of these coefficients in our application.

Parameters c0, AS, and AB were direct inputs from the producers and Fractal. It is
important to note that, since Fractal Café is a small retailer, their available capital for
investment is not unrestricted, as we assumed for the buyer in the numerical study in
Chapter 4. Similarly, as they are already operating with social fairness considerations
and paying for the coffee what they consider a fair price, the supplier’s available capital
is not so restricted, although it is still lower that Fractal’s.
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Parameter g was not easily determined, since the producers do not have a specific
investment project in consideration, so it is not possible to know what the productivity
of the investment would be. To address this, we used the same generic value for produc-
tivity of investment in agriculture g = 0.06 (Lara, 2017) as in Chapter 4. The value of
γB was decided by Fractal based on their consideration of the value that the company
adds to the product. The company does not only serve as an intermediary between the
producers and the final costumers, but they also add value with the branding of the coffee
as a socially responsible, high quality product and by using it in the prepared beverages
they sell at their different retail points. Hence, they considered fair that they receive 70%
of the total supply chain profit.

The values of αS and βB were also challenging to set, but we decided them in accor-
dance with the results from Chapter 4, where we identified that very large values can
cause the buyer to experience losses, so we kept the values of both parameters at low levels.

Here, we identify that the constraint IS + IB <
c20
g

reduces to IS + IB < 70416.67,
which is a lot higher than the total available capital from both players, so we do not
need to include the restriction to solve the optimization problem. Additionaly, we make
a slight modification to the buyer’s profit function to include Fractal’s costs, other than
the coffee beans, to take them into account for the optimal solutions.

4.2.5 Results and discussion

The implementation of our model to the case of Fractal Café yielded the results shown
in Table 4.2.5.

Decision Variable Supplier leader (Stage 1) Buyer leader (Stage 2)
I∗S 10,000 MXN 360.28 MXN
I∗B 0 MXN 0 MXN
w∗ 91.12 MXN/kg 97.82 MXN/kg
p∗ 300.27 MXN/kg 302.56 MXN/kg

We can see that the investment is always made by the supplier, and it is significantly
lower when the buyer is the leader of the game. If this is the case, the wholesale and
retail prices are also set at a higher level, but the margin is lower (204.75MXN/kg) than
when the supplier leads the game (209.15MXN/kg).

Currently, the values at which the supply chain operates are w = 150MXN/kg and
p = 352MXN/kg. There is a significant difference between the current wholesale price
and the optimal value obtained from the optimization problem. Initially, this leads us
to believe that there is enough room for Fractal Café to decrease its retail price and still
be able to pay a higher price to the supplier. However, this result should be interpreted
carefully. We consider that the simplification of the model fails to incorporate some
elements that are important in the actual interaction of both parties in this real case.
For instance, we consider a linear demand model that results in a lower retail price. It
would be necessary to verify whether this decrease would result in a significant increase
in demand or if they can keep their price as it is now, which has been profitable for them
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until now. Still, we consider that our optimal solutions provide a useful framework for
the company to evaluate the current prices that they are paying to the producers and
charging to their own customers. An adjustment in wholesale price could be transfered
into the retail price and potentially increase the total demand.

Given that we used the generic value g = 0.06, we performed a sensitivity analysis as
in the beginning of this Chapter to study the variations in the optimal solutions to this
case. We found that higher values of g increase the incentive of the supplier to invest
when the buyer leads the game, increasing her total investment tending to her available
capital. However, in no case the buyer’s investment had a value different than zero.

It is interesting how, despite being more capital restricted, it is always optimal for the
supplier to invest the maximum possible amount. This differs from the results found in
the numerical study in Section 4.1, where the buyer would always contribute by investing
to reach the upper bound on the total investment. However, we believe that these re-
sults from the case study support our hypothesis that being a socially responsible buyer
empowers the supplier to be able to invest in her own production process, and in the
long term this is also benefitial for the buyer. In the case of Fractal Café, we are not
dealing with a buyer who is just showing interest in incorporating social responsibility
in his operations, but rather with one that has this as a core feature of his business
model. Although their implementation was based on their feeling and not in a structured
methodology, the truth is that they have been paying the coffee producers in Coatepec
a much higher price than they can get elsewhere, and this has allowed them to already
have some initial capital that they can invest. Furthermore, the suppliers that work with
Fractal Café are not experiencing the problems with ’roya’ as the neighboring plantations.

Apart from these results, it is important to mention that we encountered two main ob-
stacles for the implementation of the model to a real case. The first one was the difficulty
in deciding values for αS and βB, since these are totally dependent on the perception of
each player. Both the producers and the members of Fractal had as a first reaction to
give very high values to these parameters to represent their level of concern for fairness in
their relationship. However, as shown in Section 4.1, having very high values for βB can
lead the producers to exponential increases in their wholesale price, resulting in a loss for
the buyers. The same situation occured with the selection of αS, but as we learned in
the numerical study, the impact of this decision on the different players’ and total profits
is not too big.

The second obstacle was related to Stage 1. For the coffee producers, it was not
meaningful to know the optimal amount that they should invest, because in reality they
currently do not know what they can invest in and moreover, when they select an in-
vestment project, the optimal investment level that we found will most likely not fit the
investment requirements of that project. For them, it would be more valuable to im-
plement the model to evaluate a portfolio of available investment options and select the
most profitable one, as well as decide on how the investment should be divided between
then and Fractal Café.
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Conclusions, limitations and future
work

In this work, we studied the profit allocation with fairness considerations in supplier-
buyer agro-food supply chains in the setting of developing countries. We formulated a
model that incorporates fairness considerations in the investment and pricing decisions
of a supplier-buyer supply chain in an agricultural setting in developing countries. By
using Game Theory, we studied the optimal decisions made by each player and how they
are affected by the fairness concerns. We identified that the main driver for the profit
redistribution is the level of concern of the buyer towards making sure that the supplier
receives a fair share of the total supply chain profit.

We also identified that none of the players finds it optimal to contribute the highest
share of the investment, so the leader will let the other party invest as much as possible
and then only contribute the missing share. Regarding the pricing decisions, they are
higher in every case when we incorporate fairness. This makes sense with the practice
in reality, since products that are labeled as “socially responsible” tend to have higher
retail prices under the premise that paying that extra margin will contribute to helping
the producers receive a fair payment for their products.

We can sum up all the findings of the numerical study in the following way: when
the buyer is highly concerned about disadvantageous inequity, he will be willing to give
part of his profit to the supplier. This is achieved by allowing the supplier to increase
her wholesale price while keeping the retail price almost unchanged, which allows for the
total profits to also suffer only small variations. On the other hand, the players always
find it optimal to invest at least some portion of their total capital, but the leadership
of the game determines how much each will contribute. When the supplier is leader, the
optimal solution shows that she will not contribute to the investment and will only let the
buyer do so. However, based on our results, we believe it is more realistic for the other
situation to occur in reality. This is not only because of the current power structures
in agri-food supply chains, which would enable the buyers to take the leadership of this
initiative, but also because it results in a more balanced distribution of the investment,
as it is likely that both players will contribute to some extent.

Furthermore, we had the opportunity to implement the model in the case study of a
coffee retailer with social responsibility concerns in Mexico City. This was useful to verify
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how paying a higher price to the producers allows them to improve their financial situation
and eventually invest to benefit the whole supply chain. Also, it was a good opportunity
to compare the characteristics of our model to the setting in reality and identify different
aspects of the model that could be strengthened. Throughout the development of this
thesis we identified different opportunities to extend the work on this topic.

• First, the current model could also be studied by changing the structure of the
Stackelberg game in Stage 2 by giving the leadership to the buyer, or even con-
sidering a structure where both players decide simultaneously, and comparing the
decisions made in both stages to the results of this work.

• Also, our model could be brought closer to reality by incorporating stochasticity in
supply and demand, which would enrich the interaction between the two players by
adding production and purchasing quantities as decision variables.

• Another possible extension is to study the implications of the decisions made in
different time periods, rather than studying the problem as a one-time decision. In
this setting, it would be of interest to study how the investment made in one time
period affects the performance of the supply chain in further periods.

• The structure of the supply chain can be modified by adding intermediaries between
the supplier and the buyer to see how this affects the proportion of the profit that
each player receives. In line with this, we could also have a deeper focus on the
definition of the fair profit proportions γS, γB. Currently we only consider them as
given parameters, but we could also model them as decision variables. For instance,
we could say that the fair profit allocation should be aligned with the proportion of
the total investment contributed by each player, which would increase the incentives
of both players to invest.

• Another opportunity is to change the way the cost reduction from investing is
currently represented. As we identified in our case study, it is not realistic that the
players can invest any continuous amount of money within a range and decrease the
production costs accordingly. Rather, we could use the model to compare different
investment projects, i.e. the purchase of different machines, to decide which one
would constitute the most profitable choice, and based on this decide how much of
the total investment required should be contributed by each player.

• Finally, we can adapt Case 3 into our setting by considering a supplier upstream
from the farmer and now having the farmer act as buyer. If this supplier is a
big company, the situation could fit to this case where the supplier experiences
advantageous inequity by earning more than the fair proportion of the total profit,
and the opposite is true for the buyer.

In general, given that research on socially responsible supply chains is still at its early
stages of development, we consider this work makes a positive contribution to the field.
The case study was useful to understand that the model is oversimplified to represent
reality. However, we consider it was a good first approach towards the problem, to better
understand the whole setting and get an initial input on the mechanics that drive the
decisions of the two stakeholders in such a supply chain. This provided us with a starting
point on how to address this problem and define the path to follow to continue working
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on this research topic. We consider that this topic has potential not only to fill the gaps
in literature in socially responsible operations, but also because we found indications
that including these kind of constructs in Operations Management research does not
necessarily mean sacrificing profit.
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Akkrout, W., Dufrénot, G., Maillard, D., and Roure, L. (1999). Trust in buyer-seller
relationships: A suggested interpretation from game theory.

Alesina, A. and Drazen, A. (1989). Why are stabilizations delayed? Technical report,
National Bureau of Economic Research.

An, J., Cho, S.-H., and Tang, C. S. (2015). Aggregating smallholder farmers in emerging
economies. Production and Operations Management, 24(9):1414–1429.

Bank, W. (2007). World development report 2008: Agriculture for development. World
Bank.

Brown, J. R., Cobb, A. T., and Lusch, R. F. (2006). The roles played by interorgani-
zational contracts and justice in marketing channel relationships. Journal of business
research, 59(2):166–175.

Brundtland, G. H. (1987). Report of the World Commission on environment and devel-
opment:’our common future.’. United Nations.

CAM (2016). [Infographics, comparison minimum wage and food basket price in Mex-
ico]. El salario mı́nimo: un crimen contra el pueblo mexicano. Retrieved from
http://cam.economia.unam.mx/.

Carter, C. R. and Jennings, M. M. (2002). Social responsibility and supply chain re-
lationships. Transportation Research Part E: Logistics and Transportation Review,
38(1):37–52.

CONEVAL (2010). Methodology for Multidimensional
Poverty Measurement in Mexico. Available from
http://www.coneval.org.mx/rw/resource/coneval/medpobreza/MPMMPingles100903.pdf.

Cruz, J. M. (2008). Dynamics of supply chain networks with corporate social responsibil-
ity through integrated environmental decision-making. European Journal of Operational
Research, 184(3):1005–1031.

Cui, T. H. and Mallucci, P. (2016). Fairness ideals in distribution channels. Journal of
Marketing Research, 53(6):969–987.

DeSA, U. N. (2017). World population prospects: The 2017 revision, key findings and
advance tables. Working Paper No. ESA/P/WP/248.

Dreyer, L., Hauschild, M., and Schierbeck, J. (2006). A framework for social life cycle impact
assessment (10 pp). The International Journal of Life Cycle Assessment, 11(2):88–97.

50



Du, S., Nie, T., Chu, C., and Yu, Y. (2014). Newsvendor model for a dyadic supply chain
with nash bargaining fairness concerns. International Journal of Production Research,
52(17):5070–5085.

Duffy, R., Fearne, A., Hornibrook, S., Hutchinson, K., and Reid, A. (2013). Engaging
suppliers in crm: The role of justice in buyer–supplier relationships. International Journal
of Information Management, 33(1):20–27.

Dwyer, F. R., Schurr, P. H., and Oh, S. (1987). Developing buyer-seller relationships. The
Journal of Marketing, pages 11–27.

Elkington, J. (2004). Enter the triple bottom line. In Henriques, A. and Richardson, J.,
editors, The triple bottom line: does it all add up? Earthscan, London.

EQUIDE (2018). Pobreza persistente en México, mercados laborales con ba-
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